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Preface

The book Technology o f Rubber and Rubber Goods Industnes covers- 
almost all the basic and advanced details to setup own Rubber Goods 
Industries. The new edition o f the book is covering latest technology iricluding 
Natural Rubber, Classification, Properties, Uses and Manufacture: Latex 
Processing and Applications: Chemical Aspects of Rubber Technology: 
Physical Aspects of Rubber Technology: Styrene Butadiene Rubber (SBR): 
Butyl and Halobutyl Rubbers: Nitrile and Polyacrylic Rubber: Neoprene 
(Polychloroprene) and Hypalon Rubber, Silicone Rubber: Reclaimed Rubber: 
Elastomeric composites with Reference to Tyre Technology: Latex and Foam 
Rubber: Vulcanisation: Manufacturing Techniques of Rubber Products: 
Recycling o f Wastes from Rubbers and Plastics: Useful information: Qiiality 
Control in Rubber Industry: Suppliers of Plant and Equipment; Suppliers of 
Raw Materials.

The book has been written for the benefit and to prove an asset and a 
handy reference guide in the hands of new entrepreneurs and well established 
industrialists.

Director
€NGiN€€RS iNDifl R€S€flflCH iNSTiTUT€
Nai Sarak, New Delhi (INDIA)
E-Mail; eirisidi@ bol.net.in

mailto:eirisidi@bol.net.in
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Natural Rubber, Classification, Properties, 
Uses and Manufacture

INTRODUCTION
Any of a number of natural or synthetic high polymer shave unique 

properties of deformation (elongation or yield under stress) and elastic recovery 
after vulcanisation with sulphur or other cross-linked agent, which in effect 
change the polymer from thermoplastic to themiosetting. The yield or stretch 
of the vulcanised material ranges from a few 100 to over 1000%. The 
deformation after the break, called permanent set, is usually taken as the 
index of recovery. It ranges from 5-10% of natural rubber to 50% or more for 
some synthetic elastomers, and varies considerably with the state of 
vulcanisation and the pigment loading.

NATURAL RUBBER
The structural formula of natural rubber polyisoprene (C^H,) is given 

below:

H CHj '
I I

CH^ = C — C = CH,

Crude (Unvulcanised)
Properties - Crude rubber has a specific gravity of 0.92. it is chemically 

unstaturated and amorphous when unstretched, but has oriented crystal 
structure on stretching. Not stable to temperature changes (themioplastic); 
readily oxidisable by mastication. Soluble in acetone, carbon tetrachloride 
and most organic solvents. Refractive index 1,52; dielectric constant_about 
2 5 Combustible, Nontoxic. Processed by calenders and extmders; can be 
injection-moulded with’ low sulphur and high accelerator. Cured by hotmoulding 
or in open steam, at temperatures from 120 t o  150”C after addition of about 
3% sulphur, 1 % organic accelerator, 3% zinc oxide, plus fillers or reinforcing



agents The only factors of significance in vulcanisation are the time of 
exposure to heat and the temperature used.

Derivation - From latex (q.v.) obtained from hevea trees; coagulated 
with acetic or formic acid. Also made synthetically.

Occurrence - Brazil, Malaysia, Indonesia.
GJBrfes- Ribbed smoked sheets; pale (yellow) creep; brown creep. 
Containers - Burlap or polyethylene-warapped bales; wooden boxes. 
Uses -'Cements, adhesives, electrical Insulating tapes and cable 

warpping.
Cured (Vulcanised, i.e., Sulphur Cross-linkages)

Properties - High tensile strength; relatively low permanent set; 
insensitives to temperature changes; attacked by heat, atmospheric oxygen, 
ozone, hydrocarbons and unsaturated fats and oils; insoluble in acetone; 
permeable to gases; supports combustion; abrasion resistance poor unless 
compounded with carbon black;'dissipates vibration shock; high electrical 
resistivity.

Uses - Vehicle tyres, hose, conveyor belt covers, footwear, specialised 
mechanical products, drug sundries, foam rubber, electric insulation, etc.

Note “̂ Gutta-percha and balata have similar chemical composition 
(isomeric) but have different properties and few commercial uses. Neither 
can be vulcanised.

SPECIAL GRADES OF NATURAL RUBBER
Special grades of natural rubber are mentioned below-
i. Air dried sheet (pale amber unsmoked sheet)
ii. Anti-crystalline rubber

ill Cyclised rubber masterbatch 
iv. Heaveaplus MG Rubber
V Partially purified creep (pp creep)

Vi. Rubber powder
vii. Skim Rubber

viii. Softened or peptised rubber

ix. Superior processing rubber 

X. Technically classified rubber
Methods have also been laid down for testing for conformance or 

nonconformance, e.t., milling lest, test for powder, clay whiting, gypsum, 
starch, and glue. At the end a glossary of terms used in connection with the 
classification of rubber has also been added.



As stated earlier, all the above classifications are based on visual 
methods only and mode of manufacture and not based on physical or chemical 
properties. There is in fact no discernible difference even in chemical properties 
betw/een first quality smol<ed sheet and pale creep in spite of the fact that 
considerable effort goes in for the preparation of the latter Unwanted non­
rubber constituents such as d irt, sand, etc., should be eliminated as much 
as possible and exposure to oxidative breakdown should be avoided. There 
is no way to find out from the classification, the cure characteristics or oxidative 
degradation of the product marketed.

For purposes where colour and purity are important as in this case of 
surgical goods, cut thread and for making rubber derivatives (transparent 
films) the finest grade of pale creep is used, For purposes where traces of 
mechanical impurities are not likely to be harmful, where colour is obtained 
in association with the addition of substantial quantities of compounding 
ingredients as in the case of play balls, extruded mechanical rubber goods 
and flooring, lighter grades of brown creeps are satisfactory, For purposes 
where strength and toughtness are far more important then colour (tyre treads) 
smoked sheet with Carbon Black is the first choice. Ultimately, it is the 
competitive price of the various grades which will decide the issue without 
jeopardising the properties of the finished product.

TECHNICALLY CLASSIFIED RUBBER
The main purpose of technical classification is to supply to consumers 

a reliable raw material which can be used without blending and without testing, 
A test compound (ACS-1) is vulcanised for 40 minutes at 140°C and tested 
for strain under a load of 5 kg/cm’ , other conditions being kept constant. The 
tests are carried out by the producer and rate of vulcanisation is marked on 
the bale in addition to making regular market grade. Slow curing rubbers are 
marked with a red circle, rubbers with a medium rate of cure, yellow circle 
and fast curing rubber, a blue circle Rubber which vulcanises very slowly or 
very quickly, or which display excessive variation from bale to bale is not 
classified. Technically classified rubber is a fonA/ard step in improving the 
grading of rubber; however, it has not been widely used; perhaps, it costs 
more than unclassified rubber Its proportion in the total production of natural 
rubber is below 5%.

STANDARD MALAYSIAN RUBBER OR SWIR
This represents new developments in production and grading of rubbers. 

With up-to-date methods of preparing packing and grading of natural rubber 
The preparation envisages streamlining of methods of manufacture. Packing 
is being done similar to that of synthetic rubber, viz., small compressed and 
neatly wrapped bales on the basis of technical specifications of few grades.



The Rubber Research Institute, Malaya, has introduced a simplified 
scheme based on technical quality. Rubber produced under this scheme is 
called Standard Malaysian Rubber, (SMR). Ail rubber, whether produced by 
the conventional methods or new methods can be adopted to this scheme. 
These specifications are largely based on dirt content, freedom from harmful 
contaminants (Cu. Mn), low volatile matter, etc. Colour forms no part of the 
scheme but light coloured rubber may be obtained by specifying SMR 5L 
where 5L means the colour on Livibond scale-amber unit. It also specifies the 
weight of the pacl<ing as 112 lbs and is wrapped in poyethylene sheets, etc. 
Gradually more and more rubber is being produced as per these specifications.

The details of some of the features of 'Standard Malaysian Rubber’ 
(SMR) are given as under 
Latex grades—Rubber

The four latex grades are designated as SMR CV, SMR LV, {both are 
viscosity stabilised), SMR L (colour specified), and SMR WF (whole field 
latex). The rubbers are being graded according to their improved over all 
quality.

Viscosity stabilisation is brought about by treating the latex with NH^OH 
which combines with the aldehyde group of the rubber molecule thus preventing 
the hardening of the stccic during storage which is an irreversible phenomenon 
as opposed to hardening due to temperature variations which is a reversible 
phenomenon.

SMR LV is obtained by adding 4 parts phr of light non-staining mineral
oil.

To test for the correct amount of oil in SMR LV, the material is extracted 
with acetone. Natural rubber contains 2-4% of acetone extractable material. 
SMR LVwill have acetone extract between 6-8%.
SMR GP Latex Grade Rubber

A new general purpose GP grade is introduced to meet the demands of 
a large volume grade of rubber having consistent processing characteristics. 
This GP grade is viscosity stabilised and is a blend of latex grade rubber/ 
sheet material and field coagula. Its specification is similar to SMR 10. 

Specification o f general purpose rubber
Dirt content on 44 aperture 0.10
(max. % vrt.)

Ash(m ax% wt.) 0.75
Nitrogen (max %wt.) 0.60
Volatile matter (max. % wt.) 0.80



P.R.I.(nnin.) 50.00 
Cure Rheograph 
Viscosity (Mooney) Between 58 and 72 
ML 1+4, 100”V. units 

Composition of the blend for SMR GP
Raw material % wt.

SMR Factory/GPC 60

processed latex/and or
sheet material)
Field coagulum 40

A typical flow-sheet for manufacture of SMR GP is given below:
Selected latex Selected cup lump Selected unsmoked

(CL) sheet (USS)
i -I

Bulking Pre-cleaning and
size reduction i

; i
Coagulation

4. i 4.
Creeping Creeping Creeping

i ;
Size reduction Size reduction Size reduction

i I i
Drying Drying

i
Drying

Chenriicals fc-""

Blending on 
pre-breaker

I
Packing



G
Viscosity OFS SMS CV/LV

The viscosity range of sub-grades of SMR CV and SMR LV are given

below. Mooney viscosity
ML1+, 100°C

CV50 45-55

CV 60 55-65

CV70 65-75

LV50 45-55

Cure Testing
The basis of cure testing has been a single point test using MOD 

cureindicator system. The test determines the relaxed modulus at 100/o 
.extension using ACS I maix. The rubbers are then classified as MOD 5, 
mod 6 and MOD 7.

Formulation of ACS I mix is as follow:

Ingredients Parts by Wt.

Rubber 100.0

Zinc oxide 6.0

Steric acid 0.5

Sulphur 3.5

MBT 0.5

Cured for 40 min at 140°C.

MOD categories and modulus ranges

Category MR 100 range 
(kgf/cm^)

Typical classification 
for SMR grades

MODS 4.5-5.49
MOD 6 5.5-6.49

MOD 7 6.6-7.49

Viscosity stabilised rubbers.
V iscosity s tab ilised  rubbers, acid 

coagulated rubbers; SMR 5 and SMR 5L. 
Biologically coagulated rubber and matured 

acid coagulated rubber cup lump rubber 
(SMR 10).

10 2 kgf/cm' = MN/m'



Main features of the new scheme of SMR are as follows:
i. Improved designation of grade types
ii. Restriction of types and quality of raw materials which are allowed in 

producing the various grades
iii. Termination of SMR EQ grade
iv. Introduction of SMR GP grade of viscosity stabilised rubber
V Rationalisation of the number of sub-grades in SMR 5 CV and SMR 

5 LV.
Basically the specifications have been modified as under
i. Reduction in dirt and ash limits for the latex grade
ii. Reduction in volatile matter and nitrogen limits for ail 5 SMR grades.
Cure testing is carried out with the help of a Rheometer for all grades of

rubber obtained from latex including SMR GR

SPECIALITY RUBBERS 
Superior Processing of S.P. Rubber

This is the name given to sheet and creep which has been prepared by 
coagulating a mixture of fresh and vulcanised latex. Though apparently identical 
with sheet and creep prepared wholly from fresh latex and differing from natural 
rubber only slightly in respect of its physical, mechanical and vulcanising 
properties, JhaxiulstandingJealuis^,lgdiJ£ed-JeRdency-ta recover from 
deformation when the masticated and mixed material is passed through a 
calender or extruder For example, where masticated smoked sheet shrinks 
about 40% in length, with a con'esponding increase in thickness, S.P. smoked 
sheet shrinks about 20%.

The vulcanising system used in the preparation of vulcanised latex is 
as follows:

Rubber (ammoniated field latex) 100.00
Sulphur 2.00
Zinc oxide 0.75
Zinc diethyl dithiocarbamate 0.20
Mercapto benzothiazole 0.40
The vulcanising agents are added as a finely ground suspension with a 

disperising agent in water and the latex heated by injection of live steam so 
that the temperature reaches slowly 82-85°C where it is held for 2 hours. The 
vulcanised latex is then blended with diluted field latex, the mixture coagulated 
and the coagulant dried and packed in the usual manner.



vi^cositv OFS SMS CV/LV
The viscosity range of sub-grades of SMR CV and SMR LV are given

Trades Mooney viscosity
ML1+, 100“C

CV50 45-55

CV60 55-65

CV76 65-75

LV50 45-55

Cure Testing
the oasis OT cure ic5>iHiy licjo UWV.I. w ...... —

cureindicator system. The test determines tiie relaxed modulus at 100% 
.extension using ACS I maix. Ttie rubbers are then classified as MOD 5, 
MOD 6 and MOD 7.

Formulation of ACS I mix is as follow:

Ingredients Parts by Wt.

Rubber 100.0

Zinc oxide 6.0

Steric acid 0.5

Sulphur 3.5

MBT 0.5
Cured for 40 min at140°C-

MOD categories and modulus ranges

Category MR 100 range
(kgf/cm‘)

Typical classification 
for SIVIR grades

MOD 5 4.5-5.49 Viscosity stabilised rubbers.
M 0D6 5.5-6.49 V iscosity s tab ilise d  rubbers, acid

coagulated rubbers; SMR 5 and SMR 5L. 
MOD 7 6.5-7.49 Biologically coagulated rubber and matured

acid coagulated rubber cup lump rubber 
(SMR 10).

10 2kgf/cm^ = MN/m=



Main features of the new scheme of SMR are as follows:
i. Improved designation of grade types
ii. Restriction of types and quality of raw materials which are allowed in 

producing the various grades
iii. Termination of SMR EQ grade
iv. Introduction of SMR GP grade of viscosity stabilised rubber
V. Rationalisation of the number of sub-grades in SMR 5 CV and SMR 

5 LV.
Basically the specifications have been modified as under

i. Reduction in dirt and ash limits for the latex grade
ii. Reduction in volatile matter and nitrogen limits for ail 5 SMR grades.
Cure testing is carried out with the help of a Rheometer for all grades of

rubber obtained from latex including SMR GR

SPECIALITY RUBBERS 
Superior Processing of S.P. Rubber

This is the name given to sheet and creep which has been prepared by 
coagulating a mixture of fresh and vulcanised latex. Though apparently identical 
with sheet and creep prepared wholly from fresh latex and differing from natural 
rubber only slightly in respect of its physical, mechanical and vulcanising 
properties, _thg.flutstatidingjBaluieJs.tgdused-tendency-ta recoygl ..frorn 
deformation wheQ the masticated and mixed material is passed through a 
calender or extruder. For example, where masticated smoked sheet shrinks 
about 40% in length, with a corresponding increase in thickness, S. P. smoked 
sheet shrinks about 20%.

The vulcanising system used in the preparation of vulcanised latex is 
as follows:

Rubber (ammoniated field latex) 100.00
Sulphur 2.00
Zinc oxide 0.75
Zinc diethyl dithiocarbamate 0.20
Mercapto benzothiazole 0.40
The vulcanising agents are added as a finely ground suspension with a 

disperising agent in water and the latex heated by injection of live steam so 
that the temperature reaches slowly 82-85°C where it is held for 2 hours. The 
vulcanised latex is then blended with diluted field latex, the mixture coagulated 
and the coagulant dried and packed in the usual manner.



T nrpnaration of a product which is to be marked as superior 
p r o c e s s i n g  brown creep, the master batch is in the form of undried crumb 
containing 80% vulcanised particles.
Hevea Graft Polymer

These are made by polymensing vinyl monomers in latex under suitable 
^ sk ille d  hS/3-pIus family includes both, the true graft polymers

“ nH S u r e  of already polymerised monomer v^ith rubber by mutual 
and ^  „ethacrvlate is generally used as the modifying polymer

o r a r a t o  orhela^^^^^^^ from latex, preferred initiator for graft 
I L S ' s  hydroperoxide. The rubber chain

c o S n ^ a  methylenic hydrogen which is liable and acts as a transfer agent 
f o r  h T te ^ a t io n  of the growing polymethyl methaciylate chain, with the 
fo r ^ io ^ o f free radical centres on the rubber molecule from which are formed 
polymethyl methacr/late side chains attached to the rubber.

With low ratios of polymethyl methacrylate to rubber, the coagulum is 

sufficiently rubber
Polystyrene is used as the modifying polymer, the product is known as 

Heva plus S.G.
Below 40% of modifying polymer, the M-G or S-G product resembles a 

fairly hard sheet, which is softened at 70°C.

Arctic Rubber
All organic rubbers both natural and synthetic become hard and brittle 

when exposed to low temperature, a partial transformation of the cis bond to 
the trans variety leads to a hundred fold retardation of crystallisation and thus 
retention of flexibility under conditions of extreme cold. Such modified rubbers 
are useful in aircraft operations at high altitudes or in polar regions. Particularly 
useful types of rubbers are obtained by treatment of natural rubber either in 
solid or latex form with small quantities of acids.

Rubber Powder
It is prepared by spray-drying of preserved and concentrated latex in 

the presence of about 40% infusorial earth. The main use of this type of 
rubber is for dissolving in hot bitumen for road surfacing and similar applications. 
Small quantities of rubbers known as skim rubbers and cyclised rubber are 
produced-

PRODUCTION OF DRY RUBBER 
Preparation of Ribbed Smoked Sheet (RSS)

The latex received from the tapper is sieved through a 60 mesh sieve 
made of monel metal into a bulking tank to remove leaves, pices of coagulurn, 
particles of sand, etc. The whole day's supply of latex is d ilu te d  to about 1b o 

, DRC. This allows the remaining dirt to settle out easily The latex is run into



coagulation tanks once again through monel metal sieves to remove particles 
otcoagulum The coagulating tank is an aluminium lined wooden rectangular 
container, 16" deep holding about 250 gallons of latex. The sides of the tank 
are provided vi/ith vertical slots at an interval of 1-1/4" to receive removable 
aluminium partitions. Before the partitions are fitted into position, the 
coagulation solution is added evenly over the surface of the latex and mixed 
into its bulk avoiding trapping of air (which would lead to bubbly sheets), A 
little foam formed on the surface is skimmed off. The partitions are placed in 
position. The latex thickens and eventually forms a soft coagulum.

The usual coagulants are acetic acid and formic acid. The dilution of 
latex and the amount added to, determine the speed of coagulation. For 15% 
latex which has to be coagulated overnight, it is usual to add 100 parts of 1% 
acetic acid solution to 1000 parts of latex. If the coagulant is formic acid the 
amount required is about 50% higher The amount of anticoagulant added in 
the field also effects the amount of acid required. Sulphuric acid also is 
sometimes used as coagulant. The advantages of acetic acid as a coagulant 
IS that it is a weak acid and variations in the amount used will have relatively 
small effects on the pH of the latex coagulant dispersion.

When the latex is coagulated, the partitions are removed and the 
coagulum is fed as separate pieces to a series of even speed rolls provided 
with water sprays and adjusted to give progressively tighter grip and 
corresponding faster speeds. There are usually 5 pairs of rolls, the last pair 
being marking rolls which impress the grooved pattern of the rolls on the 
sheets. During the passage through the 5 pairs of rolls, the thickness of the 
coagulum is reduced form 1-1/4"-1-1/8", the serum is squeezed out and 
washed away

The coagulum thus obtained is tougher It is hung on racks to drip in 
open for about 2 hours shaded from the sun. During this time, the moisture 
content of the sheet is reduced partly by superficial drying and partly by 
synerising from 60% to 40%, The sheets are finally dired in an atmosphere of 
smoke suspended for about 4 days. During this process, the sheets absorb 
smoke constituents, lose their white colour and take on a dark shade. This 
method, of drying has the advantage that it can be done very cheaply with 
little or no capital expenditure.

The smoking is done in smoke houses: these are rectangular tunnels 
with dimensions suitable for 4 days output. The furnace which provides heat 
and smoke by the burning of wood is built on the side towards the end of 
smoke house, the products of combustion being earned into the smoke house 
by means of a flue which passes along the length of the smoke house a floor 
level and has openings for smoke under the centre of each day's output. 
Adjustable flue apertures and roof ventilators are provided so that heat and 
smoke can be varied to the extent required to each part of the house.



During the first day, the rubber is kept at the cooler end (110“ F); the 
removal surface water is rapid but must be done at a lower temperature as 
this would avoid formation of blisters due to expansion of internal moisture. 
Further drying involves the slow diffusion of water from within the sheets; 
when water content is reduced, the rubber can safely be subjected to higher 
temperature VKhich may progressively reach 140°F at the furnace end. Higher 
temperatures would tend to produce tackiness which would reduce the market 
value The sheets are thus inspected and packed info bales. The bales are 
approximately cubical, occupying 8 cu. ft. of shipping space. The weight of 
such a bale ranges from 225 lbs. to 250 lbs. The normal procedure is to pile 
the sheets in layers to the prescribed weight and compress in a box to 
required dimensions. The compressed bales are wrapped in sheets of rubber 
Massing in transit is prevented by painting the exterior of the bales with 
surface lubricants such as talc, clay or whiting dispersed in a rubber solution.

Pale Creep
All latices contain yellow colouring matter (p-carotene) and in the 

absence of special precautions yield yellowish creep has a tendency to 
become dark during drying. The market requires that the best quality should 
be as vyhite as possible. This is achieved by (i) addition of sodium bisulphite;
(ii) fractional coagulation of latex to remove yellow colouring matter first; and
(iii) by the addition of chemical bleaching agents. The most effective bleaching 
agent is xylyl mercaptan.

.^The field latex is strained and diluted to 20-25% DRC. (The dilution is 
less as the though coagulum is to be macerated by cropping machine.) 
About 0.5% sodium bisulphite on the weight of rubber and in the form of 20% 
solution is added to the latex and well stirred. This is then fractionally 
coagulated by adding limited quantity of 2.5% acetic acid (0.15% on weight 
of rubber). After a few hours, a yellow clot is formed which is skimmed off. 
The residual latex is strained through a 60 mesh sieve to remove small pieces 
of yellow coagulum. The bleaching agent is then added in the form of an 
aqueous emulsion (0.1 % on the weight of rubber).

The latex is thep coagulated by acetic orform ic acid. The coagulum is 
then made into cree^i These differ only in the thickness. The creeping is 
done on 4 pairs of rolls revolving at differential speeds under sprays of water 
The sequence is a macerator with heavily grooved rolls, a creeping machine 
with lighter grooving and lower gear ratio followed by the finishing machines 
which consists of plain rolls operating at higher gear ratio than the creeping 
machines. The macerator rolls bite into the coagulum. squeeze out the serum 
and produce rough and highly crinkled thick blanket full of holes. The creeping 
machine produce a thinner sheet of more even texture. This creep is ready 
for marketing when dry, but for thick creep, the dry thin creep is further machined 
by passing through smooth rolls 3 times. The drying of creep is done by



suspending long sheets over horizontal wooden bars in large drying sheds 
with adequate ventilation at a temperature of 95°F, drying temperature above 
100°F has an adverse effect on colour The heating is done by hot water 
radiators- The drying tal<es about a week. These are packed in hessian doth 
or rubber.
Sole Creep

The creep is built up to the required thickness by superimposing a 
number of plies of thin creep of selected colour The plies are pressed together 
by hard rolling and compressed a little further by passing several times 
between even speed smooth rolls. The slabs are cut to the required length 
and width.
Brown and Blanket Creeps

Considerable amount of rubber is obtained from naturally coagulated or 
dired, rubber in the course of regular plantation operations. The earth scrap' 
cup lump' bark scrap (recovered from bark after tapping), 'earth scrap' 
(recovered from spilled latex on ground at the base of the tree) are each 
standard graded in the international grading system. Other sources of scrap 
are lumps of coagulum from premature coagulation, forth skimmed off the 
surface of dilute latex after the addition of coagulants. Processing these 
various types of scrap is done in fewer number of remilllng factories situated 
near ports. The scrap is first sorted out into grades dependent on cleanliness 
and colour. Each lot is soaked overnight in a solution of sodium sulphite to 
loosen the dirt and to improve the colour. It is then macerated with water in a 
universal washer consisting of paddles. Rubber emerges out of this in from of 
lumps. The partly cleaned scrap is subjected to creeping. The njbber is dried 
in air sheds.

OTHER FORMS OF NATURAL RUBBER
Many other forms and types of natural rubber have been produced to 

meet the specific requirements of on summers. These have usually involved 
chemical modification of the polymer chains or simple changes in the production 
process. Some of the commercially more important ones are described below. 
Oil-Extended Natural Rubber (OENR)

OENR is a rubber containing 20-30% of an aromatic or naphthenic 
process oil.
Tyre Rubber

This is made from a mixture of 30 parts rubber (as latex), 30 parts 
sheet rubber, 40 parts cuplumps and 10 parts of an aromatic process oil. It is 
viscosity stabilised and requires no premastication. It is similar to SMR except 
for the oil



D uring  th e  firs t te m p e ra tu re  a s
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th is  w o u ld  a vo id  ^  j i f f ^ s io n  o f  w a te r  fro m  w ith in  th e  s h e e ts ;

the sheets in ifyers to the prescribed weight and compress in a box to 
dTmensions. The compressed bales are wrapped in sheets o rubber 

tossing in transit is prevented by painting the extenor of the bales with 
surface lubricants such as talc, clay or whiting dispersed in a rubber solution.

Pale Creep
All latices contain yellow colouring matter (p-carotene) and in the 

absence of special precautions yield yellowish creep has a tendency to 
become dark during drying. The market requires that the best quality should 
be as vyhite as possible. This is achieved by (I) addition of sodium bisulphite, 
(11) fractional coagulation of latex to remove yellow colouring matter first; and
(iii) fay the addition of chemical bleaching agents. The most effective bleaching 
agent is xylyl mercaptan.

J jh e  field latex is strained and diluted to 20-25% DRC. (The dilution is 
less as the though coagulum is to be macerated by cropping machine.) 
About 0.5% sodium bisulphite on the weight of rubber and in the form of 20% 
solution is added to the latex and well stirred. This is then fractionally 
coagulated by adding limited quantity of 2.5% acetic acid (0.15% on weight 
of rubber). After a few hours, a yellow clot is formed which is skimmed off. 
The residual latex is strained through a 60 mesh sieve to remove small pieces 
of yellow coagulum. The bleaching agent is then added in the form of an 
aqueous emulsion (0.1% on the weight of rubber).

The latex is thefi coagulated by acetic or formic acid. The coagulum is 
then made into creefi These differ only in the thickness. The creeping is 
done on 4 pairs of rolls revolving at differential speeds under sprays of water. 
The sequence is a macerator with heavily grooved rolls, a creeping machine 
with lighter grooving and lower gear ratio followed by the finishing machines 
which consists of plain rolls operating at higher gear ratio than the creeping 
machines. The macerator rolls bite into the coagulum, squeeze out the serum 
and produce rough and highly crinkled thick blanket full of holes. The creeping 
machine produce a thinner sheet of more even texture. This creep is ready 
for marketing when dry, but for thick creep, the dry thin creep is further machined 
by passing through smooth rolls 3 times. The drying of creep is done by



suspending long sheets over horizontal wooden bars in large drying sheds 
with adequate ventilation at a temperature of 95”F, drying temperature above 
100“F has an adverse effect on colour The heating is done by hot water 
radiators. The drying takes about a week. These are packed in hessian cloth 
or rubber 
Sole Creep

The creep is built up to the required thickness by superimposing a 
number of plies of thin creep of selected colour The plies are pressed together 
by hard rolling and compressed a little further by passing several times 
between even speed smooth rolls. The slabs are cut to the required length 
and width.
Brown and Blanket Creeps

Considerable amount of rubber is obtained from naturally coagulated or 
dired, rubber in the course of regular plantation operations. The 'earth scrap' 
'cup lump' bark scrap (recovered from bark after tapping), 'earth scrap' 
(recovered from spilled latex on ground at the base of the tree) are each 
standard graded in the international grading system. Other sources of scrap 
are lumps of coagulum from premature coagulation, forth skimmed off the 
surface of dilute latex after the addition of coagulants. Processing these 
various types of scrap is done in fewer number of remilling factories situated 
near ports. The scrap is first sorted out into grades dependent on cleanliness 
and colour. Each lot is soaked overnight in a solution of sodium sulphite to 
loosen the dirt and to improve the colour. It is then macerated with water in a 
universal washer consisting of paddles. Rubber emerges out of this in from of 
lumps. The partly cleaned scrap is subjected to creeping. The rubber is dried 
in airsheds.

OTHER FORMS OF NATURAL RUBBER
Many other forms and types of natural rubber have been produced to 

meet the specific requirements of on summers. These have usually involved 
chemical modification of the polymer chains or simple changes in the production 
process. Some of the commercially more important ones are described below. 
Oil-Extended Natural Rubber (OENR)

OENR is a rubber containing 20-30% of an aromatic or naphthenic 
process oil.
Tyre Rubber

This is made from a mixture of 30 parts rubber (as latex), 30 parts 
sheet rubber, 40 parts cuplumps and 10 parts of an aromatic process oil. It is 
viscosity stabilised and requires no premastication. It is similar to SMR except 
for the oil



D e p ro te in is e d  N a tu ra l ^ga^-ting jt w ith  an enzyme that
DPNR is p repa red  by d i lu t i i^  DPNR's p ro p e rt ie s  o f  lo w

r e 7 “ e‘̂ —
for use in engineering components.

before c o ag u la tio n  or to the dry rubber itself- 

' ' ' " ’ s d L  is the

["b b e ^ l'S n s 'a N g h e r  proportion of non-rubbers, especially of proteins, 
than the average grades and fast-curing,
Superior P ro c e s s in g  R u b b e rs  (SP)

These are made by blending normal latex and prevulcanised latex before 
coagulation, and drying by conventional methods.
bv addinq a curative dispersion containing sulphur, zinc oxide and accelerator 
to n a t S r t e r  latex and heating to 82-85”C for a few hours. PA 80 contains 
80% prevuicanised rubber and 20% unvulcanised rubber.

Hevea-plus MG Rubbers (MG)
These are made by polymerising methyl methacrylate monomer in the 

presence of natural-rubber latex. The polymethyl-methacrylate (PMMA) ctiains 
are thereby grafted to the rubber molecules. The resultant latex is coagulated 
and made into creep.
Epoxidised Natural Rubber (ENR)

This is perhaps the most important modification of natural rubber ever 
made. It is produced by epoxidising natural rubber in the latex stage by 
reaction with formic acid and hydrogen peroxide. The introduction of epoxide 
groups progressively increases the glass-transition temperature of natural 
rubber and changes some of its properties markedly.
Thermoplastic Natural Rubbers (TPNR)

These are physical blends of natural rubber and poypropylene, mixed 
in different proportions to impart rubbers the different stiffness properties. 
Mixing is done at 180“C or higher. TPNR may also contain a third polymer, 
viz. polyethylene. They are suitable for injection moulding into products for 
automotive applications such as flexible sight shields and bumper components.

Many other chemically modified forms of natural rubber were available 
in the past. These included cyolised rubber, chlorinated rubber, 
hydrochlorinated rubber, is omerised or anticrystallising rubber, and



depolymerised rubber. These are now not commercially significant since 
sysnthetic equivalents are available at cheaper prices.

p r o p e r t ie s  o f  r a w  n a t u r a l  r u b b e r

Natural-rubber latex consists of particles of rubber 
non-rubbers suspended in an aqueous serum phase. The average dry m 
content of latex may range between 30% and 45%. A typical composition of 
firesh latex is shown in Table 1.
Table 1: Typical composition of fresh latex and dry rubber __________ ___________ _

Composilion

Rubber hydrocarbon 
Protein
Carbohydrates 
Neutral lipids
Glycotipids + phospholipids 
Inorganic constituents 
Others 
Water

Latex, % Dry rubber, %

36.0 93.7
1.4 2 2

1.6 0.4

1.0 2 4

0.6 1.0

0.5 0.2
0.4 0.1

58.5

Non-rubber Substances
During the preparation of dry rubber, much of water-soluble non­

rubber substances are lost, but most of the lipids are retained to9®‘^ r  with 
more than half the proteins and small quantities of ' " ° '9®nic salts and ^  
substances. Each of these classes of non-rubber consists hdiv ^
substances. The lipids, for example, consist of mono- di- 
sterol and sterol esters, tocortnenols and their esters, free fatty ac _ 
glycolipids and phospholipids. Natural rubber easily
individual chemical compounds. Some of these non-rubber substances g r^ tly  
influence the properties of natural rubber, in both the raw and vulcanised

states.
The properties affected by the non-rubber substances are summarised 

in Table 2.
Physical Properties

The rubber hydrocarbon in freshly tapped latex is almost completely 
so lub M m o re  than 95%) in common solvents - c h  -  °  ^ „d  
tetrahydrofuran. It has a chemical structure of almost IOO/0 1, 
polyisoprene units.
Storage Hardening

The Mooney viscosity (V„) of freshly prepared rubber ra nps  from 50 0 
90 units (ML 1 +4 at 100°C) depending on the mixture of clonal latices used 

on storaU, Jhe rubber hardens or stiffens spontaneously



and proteins to give crosslinks. The concentration of these groups is only 
about 5-10 X 10“ moles per gm rubber, equivalentto only 1 or 2 groups per 
molecule These groups can be deactivated and the storage hardening action 
inhibited by reacting rubber with p. 15% of hydroxylamine salt. Such viscosity 
stabilised CV grades show an average increase in V„ of only 4-8 units after 4- 
5 years of storage at ambient temperature.

Table 2: Properties of natural rubber influenced by non-rubber substances

Property Influence of non-rubbers

Latex stability Carbohydrates act as substra tes fo r b ac te ria l
growth—lead to increased volatile acid formation and 
lower stability.

Colour Yellow—caused by B-carotenes.
Dark-enzymic reaction of polyphenol oxidase.

Cure Phospholip ids and som e pro te ins are  na tu ra l
accelerators; fatly acids are activators.

Storage hardening Proeins and free amino acids react with abnormal
groups in rubber.

Crystallisation Unstrained crystallisation rate increased by stearic
acid, some water-soluble substances retard rate.

Creep and stress relaxation High contents of proteins and ash lead to moisture
absorption, which results in high creep and stress 
relaxation in vulcanisates.

Modulus Increased by proteins.
Filter effect Proteins act as fillers. One part of protein is equivalent

to 3 parts of HAF black.
Heal build-up Heat build-up in Ihe Goodrich flexom eter test Is
_ , decreased by fatty acids and increased by proteins.
Tear strength Increased by proteins.
Dynamic crack growth Resistance increased by proteins.

Ge/ Confenf

Freshly prepared natural rubber has a low gel content, about 5-10% 
on storage, the gel content increases and may reach 50%, or even higher on 
long storage The increase in gel content mainly involve, storage hardening

nL"!lrk  The gel is not a true
I 'he solvent used, being lower in

good solvents. It is a loosely crosslinked structure with a very high M value



Molecular Weight
The molecular weight distribution of the rubber hydrocarbon in freshly 

prepared rubber is a bimodal or a si<wed uninnodal distribution, depending on 
the clone. A random blend of the common clonal mbbers would have a weight- 
average molecularweightof l- I.S x  10“ and a number average of 3-5 * 10®. 
The molecular weight of commercial grades of rubber is a little uncertain 
because of the presence of gel. The average molecular weights and typical 
distributions of the soluble portion of some commercial grades of rubber are 
shown in Table 3 and Figure 1, respectively Old samples of rubber except 
the CV grades usually have a skewed unimodal distribution.
Table 3: Molecular weights of soluble natural rubber

Grade M w x 10-6 from GPC M n * 10-5 from g p c

RSS 1 1.00-2.3 2.3-4.5
SMR 5 0.95-2.7 2.2-5.B
SMRCV 0.80-2.0 1.8-3,7
SMR 20 0.92-2.2 2.1-4.0

0 .08 ”  ..............  RSS 1

-----------S M R C V

SMR 20 , /  " \

0.04 -

10 '  10°

M oleculai weight
Fig. 1: IMol0cu la r-w e ig h t d is tr ib u tio n  curves fo r com m erc ia l grades o f natura l

Crystallisation
Due to its high stereoregularity, natural rubber crystallises spontaneously 

when stored at low temperatures or when it is stretched.
Unstrained rubber has a maximum rate of crystallisation at about - 

26°C. But even at 0”C, natural rubber can crystallise in a few weeks. The 
maximum degree of crystallinity reached is only about 25-30%.



"  0 .s.a ,,.eaun— -
The m e l t i n g  point depends on th O',^ estimated for unstretched rubber 
melting temperature of rubber T h i s  is  different from storage
Crystallisation leads to a st ffe g Natural-rubber samples
h a rden ing  and  ,s ra ve rs  l e ^

stored in warehouses ^ an ĵ

Z m u n d e d  cTstallisation can be inhibited by isomerislng a few of the cls- 
^oups totans-g"^oups by treating the rubber with sulphur dtoxide.

Rapid crystallisation on stretching gives natural rubber its high
tensile strength and tear resistance impure gum or in non-reinforced 
vulcanisates Crystallisation occurring on extrusion through a die even at 
temperatures above 100"C, may sometimes lead to processing problems,

VULCANISATION OF NATURAL RUBBER 
Sulphur Vulcanisation

Sulphur vulcanisation is still the most widely used method of cross- 
linking natural rubber In natural-rubber compounds, except ebonite, the 
amount of sulphur used can be varied from 3.5 phr down to only 0.4 phr The 
accelerated sulphur vulcanisation systems can be classified into three types-

i. Conventional systems containing high sulphur/accelerator ratios 
li. Efficient (EV) systems containing high accelerator/sulphur ratios
iii. Seml-EV systems that are intermediate between (a) and (b).

An arbitrary division of these is given in Table 2.4.
Table 4: Sulphur (S) and accelerator (A) of different vulcanisation systems for natural 

rubber

Vulcanisation system S phr A phr A/S

Conventional 2.0-3.5 1.2-0.4 0.1-0,6
Semi-py 1,0-17 2.5-1.2 0 ,7 -25
EV 0.4-0 8 50-2,0 2.5-1 2

The structural features of the network obtained in the accelerated sulphur 
vulcanisation of natural rubber are shown in Figure 2. Typical vulcanisate 
structures at optimum cure times and some properties are shown in Table 5.

Conventional systems give vulcanisates which posses excellent initial 
properties like strength, resilience and resistance to fatigue and abrasion, 
and are satisfactory for many applications. However, their heat-ageing 
resistance, creep and stress-relaxation properties are less satisfactory. For 
good heat-ageing resistance and low compression set, an EV system is 
essential; or a semi-EV system may be chosen as a compormise between



rost/Derformance. EV systems can also be vulcanised at higher temperatures 
(18-200°C) and are less antagonistic to antioxidants than conventional 
systems.
Table 5: Vulcanisate structures and properties ___________

V u lc a n is a te  s tru c tu re

Poly- and disulphidic cross-links, % 
Monosutphidic cross-links, % 
Low-temperature crystaltisaton 
resistance
Heat-ageing resistance 
Reversion resistance 
Compression set, 22 hrs at 70'C, %

Conventional Semi-EV EV

95 50 20
5 50 80

High Medium Low

Low Medium High
Low Medium High
30 20 10

Fig. 2.2 N etwork s truc tu re  of natural rubber vu lcan ised v«ith su lphu r

Soluble EV and semi-EV systems use zinc 2-®*Vlhexanoate ra th^ 
than stearic acid, the latter leading to insoluble zince s^arate formation m 
the vulcanisates and affects properties^ Also, sulphur is 
Soluble EV systems overcome some of the problems of EV sy
L S h p h y s L ^ a l c r e e p a n d  low resilience. T h e y ^
components that require low compression set, low creep, low stress relaxation, 
and high reproducibility in modulus and strength.

Urethane Vulcanisation
Vuiranisation of natural rubber can be carried out by a new class of



properties However, these systems are expensive and may also have scorch 
pTbtem s, In practice, they are used as ccvulcanisation agents w,th sulphur 
systems.

PROCESSING OF NATURAL RUBBER
Natural rubber is usually considered to have good processing properties. 

Although it is tough and "nervy" at temperatures well belov^ 100°C, it breaks 
down easily to a usable plasticity. Generally, it can be adapted to any 
fabrication technique of the rubber factory. The viscosity-stabiltsed grades of 
natural rubber to not generally require premastication before the incorporation 
of fillers and other compounding ingerdients. For the non-stabilised grades, a 
short mastication time before compounding is common practice.

The efficiency of mastication is lowest at around 100°C. Mastication is 
best carried out below 80°C (well-cooled open mill) or above 120°C {internal 
mixer). Chemical peptisers allow mastication to be carried out at lower 
temperatures and ate thus useful for increasing mastication throughout. The 
viscosity of the msticated rubber is strongly dependent on that of the bale 
rubber used. Rubbers with high initial viscosities tend to break down fater. 
The breakdown behaviour also depends on the PRI values of the rubbers. 
Thus, it is generally found that latex-grade rubbers such as RSS 1 and SMR 
L (with high PRI values) break down more slowly than cuplump grades such 
as SMR 20 (with lower PRI values) and therefore require more mastication.

Although the processabillty of natural rubber cannot be predicted by 
any single parameter, viscosity still remains the most widely used measure 
of processing quality. During mixing, good control of compound viscosity 
within fairly narrow limits is essential to insure smooth during further 
processing, such as extrusion and injection moulding. For natural rubber, a 
relatively good correlation exists between mixed-batch viscosity and raw- 
rubber viscosity if the viscosities are not too low or too high (Figure 3).

j
90

,  Viscosity o f raw rubber
3 V ,scosi.y ,ML U 4  a, 100X ) o f .read masterbatch as a func tion  o f raw 

rubbe r v isco s ity



In extrusion of a fully mixed batcfi, the batch viscosity is the main 
factor controlling the die swell and the stress developed. The grade of rubber 
has a lesser influence. Thus viscosity is a useful guide to processing behaviour 
for masticated rubbers at intermediate viscosity levels. However, this is not 
so for the viscosity-stabilised grades. A masticated aibber has better extnjsion 
properties than a non-masticated rubber of the same viscosity.

Unvulcanised compounds of natural rubber have superior green strength 
and building tacl< compared to other elastomers.

VULCANISATE PROPERTIES
The physical properties of natural rubber vulcanisates are dependent, 

like other elastomers, on several variables such as compound viscosity, type, 
and amount of fillers, degree of filler dispersion, degree and type of cross- 
linking, and so forth.
Strength

Natural rubber is well-known for the strength properties of its 
vulcanisates. The tesile strength of gum vulcanisates range from 17 to 24 
PMa while those of black filled vulcanisates range from 24 to 32 PMa. Strength 
can also be characterised as tear resistance (i.e., the force needed to induce 
tear) or as outgrowth resistance, in both of which natural rubber is excellent. 
This high strength of natural rubber is certainly due to its ability to undergo 
strain-induced crystallisation. The strength drops rapidly with increase" in 
temperature but is still better than in other elastomers.

Abrasion and Wear
Natural rubber has excellent abrasion resistance, especially under mild 

abrasive conditions. The abrasion resistaocaflixiatural-rubber compounds is 
improved by blending with a small proportion of polybutadiene. The wear 
re'sTStaneeaf Syre treads depends on the fyre-surface temperature. Below 
about 35°C, natural rubber shows better wear than SBR, while above 35°C, 
SBR is better.
Skid Resistance

The skid resistance of tread compounds of the same hardness depends 
on their viscoelastic properties. Thus the highly resilient natural rubber 
compounds show lower skid resistance than SBR at temperatures above 
0°C. The wet-skid resistance of natural rubber above 0°C can be improved by 
extending with oil during mixing or by use of OENR. Treads from OENR are 
as good as OESBR on wet roads and are superior on icy roads. Thus OENR 
blended with polybutadiene is suitable for treads of winter tyres.

Dynamic Properties
Natural rubber has high resilience, with values exceeding 90% in well- 

cured gum vulcanisates. However, except for DPNR, the values are 1-2%



tower than those of synthetic c/.-1,4-polyisoprene. In black-f.lled vulcanisates, 
the differences are smaller.

At large strains, the fatigue life of natural rubber is superior to that of 
SBR the reverse is true for small strains. Good resistance to flexing and 
M g u e  S^etherwith high resilience makes natural rubberuseful lin appl.oetiohs 
where cyclic stressing is involved.
Compression Set

Compression set and related processes, such as creep are poorer in 
natural rubber than in synthetic polyisoprene. This advantage for the latter is 
due to the effect of the non-rubber substances, and DPNR shows much 
improved properties. Compression set Is reduced by a good cure.

Ageing
N a tu ra l- ru b b e r  vulcanisates can be given adequate heat-ageing 

resistance by a suitable choice of vulcanisation systems and by use of amine 
or phenolic antioxidants. Similarly, the poor ozone resistance under both 
static and dynamic conditions can be improved with waxes and antiozonants 
of the p-phenylendiamine type.

PRODUCT APPLICATIONS
With its wide range of useful properties, natural rubber can be used in 

a large variety of applications. The increase in the share of natural rubber in 
the last few years is due to the large switch to radial tyres.

Tyres
Almost no natural rubber is used in the treads of passenger car tyres in 

the USA, Western Europe, and Japan due to the better wet-skid resistance 
and wear characteristics of OESBR/BR blends. There is a small use of OENR 
In winter-tyre treads. In passener-car bias-ply tyres; natural rubber is used 
only in the carcass where the hot tear resistance, adhesion, and tack of 
natural rubber are used to advantage. In passenger-car radial-play tyres, 
natural rubber is used in the carcass as well as the sidewall, the latter due to 
the superior fatigue resistance and low heat build-up of natural rubber.

In commercial vehicles, the amount of natural rubber used increases 
with the size of the tyre. In large earthmove tyres, for example, almost 100% 
natural rubber is used due to the requirements of low heat generation and 
high cutting resistance.

Natural rubber is used in blends with halobutyl rubbers in the Inner liner 
of tubeless tyres.
Mechanical Goods (Industrial Products)

These include a large variety of products such as hose, conveyor belts, 
rubber linings, gaskets, seals, rubber rolls, rubberised fabrics, etc. In these



products, the choice of elastomer is made on the best compromise between 
price and perfonnance. Natural njbber is used in some products only because 
it has certain properties that cannot be matched by any other rubber. 

Engineering Products
Engineering products deserve special mention as a special class of 

industrial products^ Rubbetia a unique engineering material because, unlike 
other engineering solids, it has high elaslic.ilp.fQrmabilitv and an almost 
theoretical value for Pni>;sinn's ratio (0 5). The stiffness of a natural-rubber 
component in different directions may tie varied independently by the judicious 
use of shape effects. In dynamic applications such as springs, antivibration 
mountings, bushings, and so forth, high fatigue resistance, good strength, 
and durability are additional points in favour of natural rubber Hov^ever, natural 
rubber is not suitable if it has to come in contact virith oil. In other applications 
such as bridge bearings, factors such as viieathering, ozone resistance, and 
low-temperature flexibility are also important. Natural rubber is now accepted 
as suitable for use in bridge bearings, in place of, for example, neoprene. 

Latex Goods
Natural-rubber latex h js  noyibeeB43tt>elJHaplaced by jjglvurethane in 

form for upholstery and,teddiDS Jhe main uses of latex are in dipped goods, 
foam, carpet backing, thread ancTadhesives.
Footwear

Natural rubber is extremely suitable for rubber footwear manufacturing. 
Its use is limited only by cost.

WHY RUBBER HOLDS ITS PLACE
A consideration of the many uses of rubber shows that it is used 

principally as a structural material and that its use depends on certain 
mechanical or physical properties.

Electricity is one of the most important property. A rubber band can be 
stretched to 9 or 10 times its original length. As soon as the load is released, 
it retracts almost immediately to its original length. Similarly, a block of 
rubber can be compressed, and as soon as the load is relased the block will 
assume its original shape and dimensions. In the extent to which it can be 
distorted, in the rapidity of recovery, and in the degree to which it recovers its 
original shape and dimension, rubber is unique Hence, these are the prime 
requirements of "rubberiness ".

Of almost equal importance with elasticity are strength and toughness. 
The high strength and great toughness of rubber permit the use of its elastic 
qualities under conditions in which most other elastic materials would fail. It 
is relatively impermeable to both water and air. Hence, it can be used to hold 
water, as in hose and water bottles, or to keep water out, as in rain coats. It
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1  also be used eitherto contain air and other gases or to provide protection

A rno  these properties, and probably because of them, rubber shows

Also rubber is relatively inert to the deteriorating effects of the 
a tm o s p  e,-e and of many chemicals. Hence, it has a relatively long, useful 
S e r  a wide variety of conditions. This long life is adverse^ affected by 
exposure to coal tar and petroleum solvents, high temperature, direct sun ight 
(especially when stretched), and certain chemicals such as ozone, chlorine 
some strong acids, and strong oxidising agents. The special purpose synthet = 
rubbers have gained their positions primarily because they are resistant to 
one or more of these deteriorating influences.

Another quality of great importance is the ease with which such 
properties as hardness, strength, and abrasion resistance can be modified.

A very important and almost unique quality of uncred rubber is "building 
tack" When two fresh surfaces of milled rubber are pressed together, they 
coalesce to form a single piece. This tack makes relatively simple the building 
of acomposite article, such as a tyre, from many separate pieces. The separate 
components of the green tyre are held together by the building tack, and 
during cure they fuse together to make a single piece.

Thuse, we see that the importance of rubber is based on three factors. 
The crude rubber is easily processed. It can be vulcanised. The vulcanisate 
has a remarkable combination of useful mechanical properties. A fourth factor 
should not be overlooked Rubber is relatively low in cost both for the raw 
material and for its manufacturing process.

TRENDS IN THE USAGE OF RUBBERY MATERIALS
In order to try and predict trends in the usage of a particular material, it 

is necessary to consider a variety of underlying trends. Some of these 
underlying trends may be very long-term and others very short, tt iS clearly 
most sensible to determine the primary long-term trends and then to 
superimpose on them the secondary trends of shorter duration.

In the specific case of the consideration of trends in the usage of rubbery 
materials, the following global underlying trends may be identified.

I. Changes in standards of living.
ii. Changes in patterns of transportation.
iii. Changes in the design of automotive equipment.



iv. Changes in tyre design and the use of rubber in other automotive 
applications.
Ctianges in non-automotive uses for rubtierV

vi. Changes in raw material supplies.

vii. Trertds in legislation, for example in areas associated with health, 
safety and toxicity.

THE PUACE OF RUBBER IN THE MODERN WORLD
Irl the crises of war, the need for rubber was soon evident to all. The 

success of the Allied blocl<ade in keeping rubber out of Germany during 
World War I was a major factor in winning the war. It was for this reason that 
the Germans and Russians were so active in the synthesis of rubber between 
wars. In USA it was the conquest of the Far East by the Japanese that 
brought there to the public the vital and widespread importance of rubber

Rubber is used in such widely varying items as washers, gaskets, 
shoe soles, raincoats, hose, belting, tyres, milking machines and surgical 
goods. One company in USA alone has advertised the production of some 
30,000 different items. The motorist of 1910 was much more conscious of his 
tyres than was his son 30 years later. The cost per tyre went down and at the 
same time the mileage was increasing from 2000 to 20,000 miles and the 
demands on tyres became more severe,

RUBBER TECHNOLOGY FROM THE COMPOUNDERS' VIEW POINT 

Development of Rubber Compounding
Rubber compounding is a term covering a wide scope including the art 

and procedures that are necessary to produce useful products from natural 
or synthetic elastomers, A competent rubber compounder must be able to 
use the proper elastomers and additives available to meet the conditions 
required for the finished product. This requires a through understanding of the 
following factors.

i . Properties of the elastomers available.
li. Vulcanising or curing systems to give the potential properties needed.
iii. Modifying materials which give required physical properties and ageing 

resistance.
iv. Compounds must be able to process properly depending on 

processing equipment.
V Commercial compound design.

vi. How to test and evaluate raw materials and finished products. . ■

Commercial compounds of elastomeric materials described in the 
following articles are designed to be practical and result in overall properties 
that meet requirements for the end use.
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trace the development, a natural base compound will

showtheTrprrtanceofthevanousin^^

Rubber and Sulphur
Goodyear's discovery of vulcanisation produced articles such as water 

o ro o fS n g  and allied products. These were made by heating rubber ,n the 
sulphur and led the way to our present day compounding, ■

I, N a tu ra ln jb b e r
Q

Sulphur

Total

This compound developed a tensile strength of 3,200 lbs. per square 
inch and an elongation of 950% after being heated for 5 hours at 287°F. This 
vulcanised product was more stable over a wider temperature range and was 
more resistant to swelling in gasoline or toluene but is not suitable for today's 
use since it takes too long to produce (cure) and ages badly 
Rubber-Sulphur-Zinc Oxide

The next development in compounding is the addition of various metallic 
oxides to the rubber-sulphur base. These are found tQ shorten the curing 
time.

ii. Natural rubber 100
Sulphur 8
Zinc oxide 5

Total 113

This compound develops its maximum physical strength in 3 hours at 
287T as compared to 5 hours for the rubber-sulphur mix. This activating 
effect of zince oxide continues to be an important part of present-day 
compounding.

Organic Acceleration

The original accelerator of vulcanisation was aniline which first used by 
Oenslager in 1906. This material was objectionable because of its toxicity A 
reaction product of aniline with carbon disulphide, thiocarbanilide, was found 
to be more effective and less toxic, and became the first widely used organic



Natural 100

Sulphur 6

Zinc oxide 5

Thiocarbanilide 2

Total 113

Introduction of the organic accelerator in tlie base compound reduced 
the required vulcanisation time by 50% or more. Following the discovery of 
the favourable effects obtained with aniline and thiocarbanilide, a large number 
of nitrogenbearing organic compounds were investiaged as organic 
acceleratiors for rubber vulcanisation. In 1921, MBT (Mercapto benzothiozole) 
was introduced as the first truly commercial accelerator that offered the 
following advantages in compounding.

i Reduction of sulphur to improve ageing.
ii. Shorter curing cycle
ill. Reduced tendency to bin-cure (scorch)
iv. Improved physical properties invulcanised compounds.

During the period x)f investigation and rubber compounding research 
that produced MBT, it was found that fatty acids present in the non-hydrocarbon 
constituents of natural rubbers contributed to the efficiency of the accelerators 
of vulcanisation. It became standard practice to add stearic or some similar 
fatty acid to compounds as precaution against possible deficiencies of this 
material in the raw rubber

IV Natural rubber ''00
Zinc oxide ' ^
Sulphur 3

Stearic acid ''
MBT I

Total 110

This compound can be cured in 20 minutes at 142°C/287°F. 

Antioxidants
Despite better ageing properties of rubber compounds that came with 

the wide use of organic accelerators, early failure in many applications 
suggested the need for further improvements. A number of organic materials 
now referred to as antioxidants were investigated and adapted for compounding



to impart better ageing, thus adding one more ingredient to the most suitable 
rubtjer compound.

100
V. Natural rubber

Zinc oxide ®
Sulphur ^
Stearic acid ^
MBT
Antioxidant ^

Total 111

To combine the materials in Formula 5 the rubber is masticated on a 
rubber mill or in a Banbury type internal mixer, usually with the addition of a 
■processing aid" to speed the operation, and the other ingredients are mixed 
into the masticated rubber.

ROLE OF COWIPOUNDER IN THE RUBBER INDUSTRY
In considering the technology of the rubber irldustry, compounders are 

interested in materials and ideas and their relations.

Materials
The flow of materials from the forests, plantations, mines, etc., to the 

tyres, belts, girdles, golf balls, and thousands of rubber products which are 
essential to modern civilisation is shown in Figure 4.

Fig. 4; F low  o f m ateria ls from  forests , p lantation and mines, etc., to  tyres 
belts, g ird les, g o lf balls, etc.

All the raw materials from A, for accelerators, to z, for zinc oxide, flow 
into the stream of rubber manufacturing through the medium of the factory 
recipe. Besides the knowledge of all raw materials by the compounders as to 
its quality and effect on rubber compound, alt organised rubber industries



have specifications which are acceptable for each raw material and before rt 
is released for production the compounder must ensure review laboratory 
data.
Ideas

Technical structure in the rubber industry and the flow of ideas are in 
Figure 5. Here the role of compounder in relation to other functions in the 
factory is furnished.

PRINCIPLES OF RUBBER PRODUCT DESIGN
Specifications or service conditions of njbber product are the basis for 

desiqn of rubber compound formulation. The problem of deciding the compound 
to be used for a particular application is often difficult. Generally, there are 
conflicting requirements which means that a decision has to be made on the 
relative importance of the original specifications. Even when this has been 
done it may not be possible to find a rubber compound which meets all the 
revised requirements and a compromise may fiave to be made.

R u b ber M a n u fa c tu re  M a te r ia l  P ro d u c t io n
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Fig. 5: F low  d iagram  show ing  the ro le o f com pounder in  facto ry



Ideally product design calls for a detailed knowledge of the physical 
properties of the commonly available rubbers together with expertise in 
manufacturing process and a sound knowledge of engineering princip es. It 
is perhaps not too surpnsing that designers of rubber products are not a^/ays 
as familiar with the properties of rubbers as they should be for optimum 
performance at minimum cost. The object is to survey the general propeites 
of rubbers from the designer's point of view and then to show how other 
factors, such s shape, can often permit the use of a rubber which does not 
appear to meet the original requirements in terms of general physical 
properties.

Initially compound formulation is developed in laboratory in order to 
ensure all possible properties are met by the compound as specified by 
initial lat testing. Depending on specification requirement following factors 
after satisfactory evaluation must be reviewed.

i. Vulcanisation
ii. Low temperature crystallisation

iii. Low  tem p era tu re  flexibility

iv. Viscoelasticity
V. Oils and solvent resistance

vi. Heat resistance
vii. Ageing
viii. Cost.

It might be supposed that the properties of rubbers described above will 
exclusively determine which type is chosen for a particular application. 
However, other factors critical for field performance are also to be taken into 
consideration.
Shape Effects

i. Oxidative ageing
ii. Oil resistance
iii. Heat build-up
iv. Surface stresses
V Shape factor

vi. Protective coatings
vii. Surface treatments 

Surface finish 
Type of deformation

VIII.

ix.
x. Fatigue life.



Often for critical products, simulated tests are designed in order assess 
satisfactory filed performance of the rubber products. Interpretation of such 
results is very important to the compounder in order to ensure compliance o 
specification as laid down by the purchaser

l a b o r a to r y  t o  fa c to r y
The best of the preliminary recipes, as judged by laboratory evaluation 

are then subjected to factory trials, which show how the compound w o fe  on 
production equipments and which give finished items for service ‘es s^O 
the basis of these factory trials, the most satisfactory receipts are selected 
for production use.

The extremes in this general scheme of operation are. first the case 
where one recipe is written and then put into production the next d ^  and a 
the other end, the case where a groups of compounders wort< year after ye 
to maintain and improve the quality of compounds for specific products, such 
as tyres.

The central line is the work of the factory compounders in the rubber 
manufacturing plants. The research and development compounders operate 
in the research laboratories and in the plants of both the rubber manufactures 
and the suppliers of raw materials, and also in academic institutions. T 
control compounders work in the factories of the rubber rnanufacturers and of 
the suppliers. In every case, the essence of the job is the writing of rec pes 
for a definite purpose. The immediate objective avanes with he 
individual compounder, butthe final objective is always a production compound.

In brief, what the compounder does is to write recipes and to evaluate 
compounds. How this work permeates the technology of the industry is 
illustrated in Figure 6 .

DIE SWELL AND WALL SLIP BEHAVIOUR OF NATURAL RUBBER 

Die Swell
/The study and knowledge of die swell is of considerable importance in 

the s L n in g  of fibres, control of extruded sheet thickness, in blow moulding 
and surface finish of the products. When polymer melt emerges out of an 
exfruder dfe tt undergoes relaxation in stresses which acts as restraining 
forces inside the capillary or extruder As a result of this the jet expands in its 
c r o s s - s e c "  is,represented as die swell (ratio of extrudate
diameterto capillary diameter), j

Investigations have been carried out on the die seell behaviour of different 
polymer m is .  It has been reported that the die swell depends oavarious 

factors like;



Shear rate
Pre-shearing time and rate of preshearing 

Length of the dimeter ratio of capillary

iv. Residence time of polymer inside the capillary 

V. Temperature of operation 

Vi. Molecular weight of polymer

vii. The ratio of M^/M„
viii. Long chain branching
ix. Type of die
X. Presence of fillers in the p o l y m e r s . ___________

I USE a n a ly s is ! PROCESSING ANALYSIS

Fig. 6: F low  d iagram  show ing  the steps Involved In form ulating recipe by a 
co m p o u n d e r

Wall Slip
The force balance for fluid flow through the pipe pre-assumes that the 

fluid in contact with the pipe surface completely wets it and that the velocity 
of the fluid at the interface is zero. This assumption is found to be quite valid 
for normal incompressible Nevirtonian fluids, but for polymer melts it does not 
seem to be true. It has been pointed out by Mooney that non-zero velocity 
may exist at the wall of the pipes and also a relationship between wall shear



stress and shear rate for such situations is derived. Further research work 
has also reported the existence of wall slip during the flow of polymer melts.

The studies on die swell and wall slip as indicated by the literature 
review has been confined mostly to the synthetic polymers, and no work has 
been reported with respect to natural rubber melt flow.

Procedure
Materials required-

I. Standard Malaysian Rubber - SMR-L.
ii, SMR-Cr (70) (viscosity stabilised rubber)

Temperature -120°C
Apparatus - Davenport Extrusion Rheometer.

The rubber samples are masiticated in a two roll mill at 50°C for different 
interval of times. The extent of mastication IS indicated by the change in 
plasticity number which is measured with Wallace Rapid plastici^ meter 
The die swell and wall slip measurements for different samples are done wnth 
extrusion reheometer using different capillaries. For die swell measurement 
care is taken to avoid any drawdown effect, and for this purpose the ex^^mdate 
is first cut as close to the capillary exist as possible and then a small piece 
is cut again for the measurement of diameter. The extrudate diameter 
measurements are taken after keeping the sample overnight for complete 
relaxation. As the extmdate was distorted on the surface, the average diameter 
can be calculated from the knowledge of weight of known length of sample 
and its density.

GRAFTING OF VINYL MONOMERS ONTO NATURAL RUBBER
The growth of polymer chemistry has led to the development of new 

materials in direct competition with natural materials 
been in use since earlier times. This has encouraged the chemists to look 
more critically at natural macromolecules, to learn more of the underlying 
structure and the relation to the properties exhibited by the ™ c ro rn o le c ^  
Hence chemical modifications have been devised to give natural 
macromolecules more desirable properties and the appliMtion of 
macromolecules forms an important area of such 
literature abounds with the examples of successful formation of 
from natural and synthetic macromolecules. The molecular ^
the natural substrate is not affected by the presence of polymer, but the 
nature of the polymer formed in the environment of a natural substrate r^ay 
be quite different from the homoplymers formed under similar polymeristio
conditions.



f o r m a t i o n  O F G RAFT PO LYM ER
A aran copolymer results from the chemical Interaction of a polymer

as a criterion for the presence of grafting.

Rubber occupies a dominant position among 
being modified for chimerical use by 
D o lv L rs  Copolymers of natural rubber are prepared a"'*
Lhn lques applicable to wholly ^y^'^etic copolymers and t h ^  P  ̂
can be duplicated by the characteristics of an appropnate synthetic rubber.

Styrene and methyl methacrylate are the monomers niost “ fTimoi^y 
used commercially to produce natural mbber copolymers. High grafting yields 
may be obtained with these monomers. Many copolymer propertes, such 
as torsional modulus are identical with the properties of simple mixtures and 
are not affected by grafting. On the other hand, the copolynier is insoluble in 
normal solvents for the aibber and polymer components. The low brittleness 
of rubber copolymer as compared with that of the unmodified synthetic 
polymers enables them to find commercial use as a reinforced vinyl resins. 
This is the principle underlying the manufacture of high impact polystyrene, 
although the product is usually prepared by copolymerisation of styrene and 
a synthetic rubber

The successful grafting of vinyl monomers onto natural rubber Involves 
the creation of free radical on the backbone of rubber. This can be achieved 
by several methods, such as chemical and Irradiation Out of all these 
methods, chemical method has attracted attention in recent years.

Research has been earned on graft copolymerisation of vinyl monomers 
onto natural rubber using a multitude of metal and non-metal Ions such as 
Cr*+, V=+, 06“+, l^n^+, KMnO^/oxalic acid, Fe=+, Cu^+, metal chelates, 
peroxydisulphate, peroxydiphosphate and postassium bromate-thiorea as 
the Initiators. Effects of monomer, Initiator, temperature, solvents, acids, 
substrates and surfactants on the rate of grafting have been studied.

P ro c ed u re
Effect o f Monomer Concentration

In case of all the above Initiating systems, the effect of momomer 
concentration on the extent of grafting Is investigated by changing the monomer 
concentration from very low to very high. It Is obsen/ed that there is an increase 
in the percentage of grafting in the lower concentration range and at very high 
monomer concentration, the graft yield decreases. At higher monomer 
concentration, reactions that are competitive to grafting probably take place



in solution, i.e., homopolymerisation is much .faster than grafting at higher 
monimerconcentration.
Effect o f Initiator Concentration

The rate of grafting was Investigated by varying the concentration of the 
Initiators I.e.,

y5+ ce ‘'+ Mn“+, permanganate/oxalic acid, etc., from very low
to very high concentration. In case of all the initiating systems, the rate of 
grafting increases with increase of initiator concentration at the lower range, 
but at very high concentration of the initiatiors, the rate of grafting decreases 
with Increase of initiator concentration. This could be ascribed to the faster 
rate of termination of the chain at higher initiator concentrations.

Effect o f Temperature
The graft copolymerisation is carried out by varying temperature within 

the range of 40-70°C keeping the concentration of all the other reagents 
constant. The perusal of the result indicates that with increasing temperature, 
the percentage graft-on increases. From the Arrhenius plot of log Rp 
1/T, the values of the overall activation energy are computed in case of all the 
Initiating systems.
Effect o f Reaction Medium

Reaction medium plays an imporat role in grafting vinyl monomers onto 
natural rubber. The variation of grafting upon using different solvents could be 
associated with difference in their following properties;

i . Capability of swelling of natural rubber
ii. Misclbllity with monomers
ill. Formation of solvent radicals from the primary radical species of the 

initiating system
IV. Contribution of the solvent radical In the activation of natural rubber
V Termination of the gcaft chain radical and the natural rubber 

■ macrOradical via chain transfer.
While the first four factors favour grafting by simplifying access and 

diffusion of the monomer, the last factor adversely affects grafting by lowenng 
the molecular size of the graft.
Mechanism

In a system consisting of Initiator, monomer and natural rubber, the 
following mechanism for grafging vinyl monomers is suggested.
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Applying steady state conditions to tlie concentrations of [NR*] and 
[NRM„*1, ttie overail rate of polymerisation was derived as-
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Tfie above rate expression was verified by plotting R  ̂versus [M f and R̂  
versus 1 /[Me"*] whicii were linear.



Latex Processing and Applications

in tr o d u c t io n
Natural rubber, on which the technology of the industry is built, is obtained 

by the coagulation of the milky aqueous dispersion of rubber called latex. It 
is synthesised by the tree Hevea brasiliensis and is an important bye-product. 
Originally an inhabitant or native of Brazil in South Amenca, it is now widely 
cultivated in Southern regions of Asia. The height of the tree is more than 40 
metres if untrapped and the economic life of tree is about 30-35 years. The 
levels are trifoliate and are shed once a year in the process called wintenng. 
Latex is found in the latex vessels contained in the cortex, especially in the 
layer 2-3 mm thick nearest to cambium. They have internal diameters of 
about 20 mm. They turn spirally up the tree at an angle of about 4 to the 
vertical thus forming a right handed spiral. The trees produce latex 
year round, but the yield usually drops during winter season.

Latex is obtained from the latex vessels without damaging the trees by 
the process called tapping. A slice of bark is shaved off with a specral knife to 
a depth just short of cambium layer The cut is made at an angle of 25-30 to 
the horizontal to sever the maximum number of latex vessels. Tapping is 
done before sunrise, when the turgor pressure in the tree is maximum and 
‘he yield of latex is highest. The latex flows from the cut along a metal spout 
and into a cup made of the glass or glazed earthenware. Tapping 
at regular intervals by reopening the cut down the tree. Many variations have 
been used in the size and shape of the cuts and in the frequency of tapping 
A very common method is to tap each tree halfway round the circumference 
every other day

immediately after tapping, the latex flows rapidly, then decline to a 
steady rate, then slows down and finally stops. The stoppage of the f lw  is 
due to plugging of latex vessels by the coagulum formed at the opening of the 
cuts.

PROCESSING OF LATEX
The latex is collected from the tree after 3-4 hours after >aPP'"9 

then treated to prevent premature coagulation and brought to the factory.
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Latex Processing and Applications

INTRODUCTION
Natural rubber, on which the technology of the industry is built, is obtained 

by the coagulation of the milky aqueous dispersion of rubber called latex. It 
is synthesised by the tree Hevea brasiliensis and is an important bye-product. 
Orlqinally an inhabitant or native of Brazil in South America, it is now widely 
cultivated in Southern regions of Asia. The height of the tree is more than 40 
metres if untrapped and the economic life of tree is about 30-35 years. The 
levels are trifoliate and are shed once a year In the process called v^ntenng. 
Latex is found in the latex vessels contained in the cortex, especially in the 
layer 2-3 mm thick nearest to cambium. They have internal diameters of 
about 20 mm. They turn spirally up the tree at an angle of about 4 to he 
vertical, thus forming a right handed spiral. The trees produce latex all the 
year round, but the yield usually drops during winter season.

Latex is obtained from the latex vessels without damaging the trees by 
the process called tapping. A slice of bark is shaved off with a special knife to 
a depth just short of cambium layer The cut is made at an angle of 25-30 to 
the horizontal to sever the maximum number of latex vessels. Tapping is 
done before sunrise, when the turgor pressure in the tree is maximum and 
‘he yield of latex Is highest. The latex flows from the cut along a metal spout 
and into a cup made of the glass or glazed earthenware. Tapping 
at regular intervals by reopening the cut down the tree. Many variations have 
been used In the size and shape of the cuts and in the frequency of tapping^ 
A very common method is to tap each tree halfway round the circumference 
every other day

immediately after tapping, the latex flows rapidly, then d ^ lin e  to a 
steady rate, then slows down and finally stops. The stoppage of the flow is 
due to plugging of latex vessels by the coagulum formed at the opening of the 
cuts.

PROCESSING OF LATEX
The latex is collected from the tree after 3-4 hours after tapping. It is 

then treated to prevent premature coagulation and brought to the factory.



Ammonia (about 0 05-0.06%), the most common stabiliser is added to the 
fatenhough others like sodium sulphite and formaldehyde can also be used. 
M xed s?abi«sers such as bone acid-ammonia and M ro x y  am,ne ammonia 
^ fu s e d  to make certain special grades of rubber. When latex itself has to 
travel a long distance, higher concentration of ammonia are used. In the 
S  co lle c ln  (3-4 hours), about 80-85% of the latex produced by tree is 
collected as latex (field latex).

The latex continues to exude very slowly for several hours after the 
initial collection. This latex is left to coagulate spontaneously in the cup to 
form field coagulation or cuplump, a small amount of latex also coagulates 
as a thin sheet on the tapping cut to fom  tree lace. These are collected on 
the next tapping and constitute about 15-20% of the total yield.

On arrival at the factory, the latex is sieved and blended. Field latex is 
either concentrated by removing part of the water to give latex concentrate 
or it is deliberately coagulated and processed into solid dry rubber All 
cuplumps are processed into dry rubber, A wide range of polymer latices is 
available commercially The principal varieties contain the following polymenc 
materials;

Natural rubber
Styrene-butadiene copolymers 
Acrylo-butadiene (nitrite) rubbers 
Chloroprene rubbers 
Acrylic copolymers 
Vinyl acetate copolymers 
Vinyl chloride copolymers 
Synthetic cis polyisoprene 
Butyl rubber.
Natural rubber latices are concentrated and purified forms of the latex 

obtained from botanical species Heva brasiliensis. The second group is 
produced by emulsion polymerisation and the third group is produced by 
solution polymerisation and converted into latex.

To recapitulate, natural rubber latex, obtrained from the tree which 
contains approximately 35% rubber hydrocarbon, is further presen/ed and 
concentrated by three well known methods, viz. centrifuging, creaming and 
evaporation. The approximate rubber content and the proportion of the 
preservatives of various categories of latices are given below:



Type of latex

Centrifuged 
Constituents HA LA XA

Creamed 
HA LA

Dry rubber content
% minimum 60.0 60.0 60.0 64.0 64,0
Non-rubber solids.
% maximum 2.0 2.0 2.0 2.0 2.0
Ammonia, % water
content 1-6 0.8 <0.3 1.6 1.0

(min.) (max.) (min.) (max.)

Evaporated
HA KHS KLS

Total solids, % min. 61.5 72.0 67.0
Non-rubber sokids, % max. 05.5 08.0 07.5
Ammonia, % water content 1.5 (min.) 
KOH (moles/kg water) 0.5 (min.) 0.45 (min.)

An international condification scheme is available for synthetic latices 
and includes nominal total solids and bound styrene content.

APPLICATIONS OF LATEX
Like solid rubbers, latices also find many applications, principal amongst 

them being latex backing of carpets, foam products, binders for non-woven 
fabrics, latex adhesives, products obtained by dipping, e.t. balloons and gloves, 
or those obtained by moluding, e.g., latex thread, ojbbetissdhat'’. microporous 
ebonite for battery containers, etc. For obtaining any of these products, a 
whole range of compounding ingredients used in latex technology may be 
divided into the following categories-

a. Stabilisers, including surfactants

b. Vulcanising agents

c. Antioxidants
d. Vulcanising accelerators

e. Fillers
f  Viscosity modifiers (thickeners)
g. Gel sensitisers.
Latex stabilisers comprise alkalis, protective colloids and numerous 

surface active agents. The most common vulcanising agent is elemental



Ilnhur or sulDhur donors like fetramethyl thiuram disulphide. The latter confers 
" n h a n c e d " ^  Metal oxides ihclud,ng zinoe ox,de are used as 
cross-linking agents with carboxylic latices. . . . . .

' The most important vulcanising accelerators for

classes viz. amine derivatives, hindered phenoFs and s l ^ n a M ^ o l s .  
Wax is included in latex formulation to serve as antiozonant.

Main types of fillers used in latex technology are the ®'9, 
aluminium silicate, aluminium tnhydrate and calcium M*onate. ‘hicken^rs 
Dolvacrylate cellulose dervlatives and aliginates are the most important. Ge 
sensi«2Lrs may be, those which are effective t ordinary temperatures but 
with delayed action and those that are activated at
best known delyaed action gel|ing.agfintis sodium sillicofluoride. A common 
heat sensitiser is polyvinyl methyl ether.

m^ f a c tu r in g  t e c h n iq u e s  o f  r u b b e r  g o o d s  f r o m  la te x

Manufacturing of njbber goods from latex would require techniques which 
are peculiar to the nature of latex itself. Latex is a colloidal solution, the 
rubber particles being suspended in a serum and carry a negative charge 
Any compounding ingredinents to be incorporated in latex should be so 
processed that these do not destablilise the resulting mix. After a suitable 
mix has been prepared, the next step is to get the shape of the article and 
then cure of vulcanise. The different techniques that are applied to the 
fabrication of materials from compounded latex can be classified as under-

a. Dipping
b. Casting and moulding
c. Spreading
d. Spraying
e. Extrusion
f. Electrodeposition.
Vulcanisation of the resulting matrix is carried out a comparatively low 

temperatures, i.e., of the order of 100“C. It is for this reason that ultra-fast 
accelerators are used in the compounding of latex.

Stabilisation of Latex
The stability of rubber latex is due to the presence of adsorbed layers of 

oroteins and phospholipids on rubber globules. Left exposed to the 
atmosphere acids are developed on account of bacterial action which 
destabilise the latex. Ammonia is used as a preservative and stabiliser. It 
a S  through a senes of complex reactions generating fatty acid soap. Further



degree of stabilisation is sought through the addition of proteins iike casein 
which has the disadvantage of subject to putrifaction. Synthetic stabilisers 
have been increasingly employed. In the following paragraphs is a brief 
description of two typical compounds-

a. Anionic surface active agent - Sodium salt of acetylolyl sulphate. A 
20% solution is added to the latex. Heavily loaded spreading 
compounds require as much as 5% on the filler content; in case of 
spray mix, 1.5% on the filler content; in case of spray mix, 1.5% on 
dry rubber content, and in dipping compounds, the dosage is 1 % on 
the rubber content.

b. Non-ionic surface-active agent - A condensation product of ethylene 
oxide, it confers stability in latex against mechanical action, acid 
and" poly-valent salts. It prevents zinc oxide thicl<ening_ and are 
employed when highly active accelerator'systems are em'ployed. It 
loses its activity at elevatd temperatures and is usei^n heat sensitive 
com'^unds.

Softeners and Fillers
Solid rubber is subject to breakdown through mastication; such a 

treatment is not meted out to rubber in the latex form. Therefore, articles 
prepared from latex are much tougher. To overcome this defect, softeining 
agents are added to the latex. Following are some of the important softeners-

a. Liquid paraffin - It is a good softener and is incorporated to the extent 
of 20% on the dry rubber content.

b. Paraffin wax - It is incorporated in concentration above 2%.
c. Stearic acid - Upto 10% may be used in proofings, the addition of 

stearic acid is essential when MBT is the sole accelerator present.

Fillers
Addition of fillers to latex confers the following advantages-

a. Reduces the cost
b. Increase the viscosity of the compound
c. Prevent the spreading mixes in fabric processing from striking 

through.
Fillers do not have the s^me effect in latex as in dry mbber compounding. 

'For example, carbon t>lack^ryes as.ajligmenl and does not confer any 
reinforcing action.

Following are some of the important fillers found suitable for incorporating 
in a latex formulation:

i. China clay is added in concentration as high as 400% on the rubber
content of the latex. Being lightly aggregated, these can be easily



dispersed by ball milling or with the help of colloid mill. Suitalbs 
qrades of China clay can be used to produce latex mixes having e 
wide range of viscosity. Colloidal clays of the bentonite type are 
used for producing tough latex rubber but they cause considerablf 
thickening.

ti. Mica powder.
iii, Whiting (clacium carbonate) are available either as ground limestoni 

or precipitated chalk.
iv. Lithopone may be added upto 200% in the rubber content of latex
V Blance fixe (barium sulphate) gives a smooth product.

Vulcanising Agents and Accelerators
Sulphur, zinc oxide and accelerators collectively form the vulcanisini 

system. Vulcanisation of the rubber may be effected by either of the twi 
ways;

a. Rubber maybe vulcanised after it has been shaped into the desire 
fonp and dried.

b. The latex may be completely vulcanised while in the fluid state s 
that it deposits elastic films of vulcanised rubber on drying.

The doses of vulcanising agents are adjusted according to th 
requirements of the end product:

i. Sulphur (rubber grade) free from acid. A 50% dispersion is prepare 
by ball milling.

ii. Zinc oxide is an important vulcanising aid and is incorporated s 
dispersion. By itself it has very low solubility but in the presenice ( 
ammonia and its salt, it dissolves to give zinc ammonium complexe 
which are soluble. The latter leads to progressive thicl<ening ar 
destabilisation. The zinc oxide thickening may be overcome by tl" 
following methods:

Addition of stabilisers 
Reduction of ammonia content 

- Addition of fixed alkali such as sodium or potassium hydroxid 
A ccelerators

In latex conTg(3unding fast accelerators are used. Dithiocrabamates a 
the mosT comrnonly used accelerators for latex products. Thiazoles ar 
thiurams also find some application, the former mainly as seconda 
accelerators for the dithiocrabamates.

a. Zinc diethyl diethyl dithiocarbamate (ZDC) is used for normal he 
cures and yields vulcanisates of excellent physical properties



satisfactory formulation, comprising 1% ZDC, 1A% ZnO, and 1% 
suipiiur on dry rubber content will give a satisfactory cure in 30 
f ^ K t «  at 1CJ0°C'in air. The cure is flat.

.  b Zinc salt of m ercaptozobenzoth iazole_£!^l by itself is slow 
accelerator under the conditions in which latex is cured. It is n ^n ly  
usedjn cpmbinatBri with_£DC giving vulcanisate of higher modulus 
and iM d bearing capacity, 

c Tetramethyl thiuram disulphide (TMT) is a good accelerator of 
satisfactory cure. Rubber from a latex mix containing 0.5/o IM i, 
1.5% sulphur, and 1.0% zinc oxide can be cured in 30 minutes at 
115”C.

A very important use of^TMT is in sulphurless cure. Incorporation of 
sulphur dgnoMike thiourea is necessary to obtain a satisfatrteryxure at 

100-C.
Antioxidants

It is of interest of note that rubber product obtained directly from latex 
show ageing properties superior to those of identically formulated compound 
from raw solid rubber which has to be milled before compounding. However, it 
is useful to incorporate antioxidant in the latex mix. Following is the range of 
antioxidants usually employed

a Ketone-amine condensation product affords very good protection 
against normal ageing and confers flex-cracking resistance^ It is not 
recommended for white or light coloured goods. Dosage, 1 A on dry 
rubber content.

b. Phenyl /}-naptithylamine (PBNA) is similar to above in B properties 
but causes more discolouration on exposure to light. On account of 
its limited solubility, it tends to bloom when added more than 1.5 /o. 

c Styrenated phenol is non-staining antioxidant and recommended for 
white or light coloured articles. It offers a very good protection against 
the effect of sunlight. Proportions between 1 and 2% on the weight 
of rubber are recommended.

Preparation of Aqueous Dispersions and Emulsions
Water insoluble solids which have to be incorporated in the latex are 

suitably dispersed in water, and the dispersion is stabilised suitably This is 
done with the help of a ball mill or a colloidal mill. The ball rnill consists 
essentially of a cylindrical container half to two-thirds filled with a grinding 
charge capable of being securely sealed. The container is roaled about its 
cylindrical axis in a horizontal plane at such s speed that the charge is 
tumbled The grinding charge consists of unglazed porcelain or glass balls. 
Depending upon the size of the mill, the diameter of the balls vanes from 1.2- 
1.5 to 2.5 cm. A variation uses flint gravel.



4:

The mill should be charged with the solid to be disperesed, water, wetting, 
and dispersing agent until the ball and the gravel are just covered The ratio of 
wate and sol^ I t t e r  in the paste should be suoh as to render the contents 
ru ffic lL tly  fluid to tumble as the mill rotates. The rate of gnndmg ,n the mill 
fs ^ a te d  to the diameter of the container If the mill rotates too rapidly 
centrifugal force will cause of charge to adhere to the container walls and 
there will be no gnnding Larger mills must roate more s owly than the smaller 
ones. Time of grinding will depend upon the nature of the material.

/"Selection and amount of dispersing agent are determined by the physical 
properties of the material to be dispersed. The function of these agents are to 
wet the powder to prevent and reduce frothing and to obviate reaggregation of 
the particles. The concentration of the dispersing agent should be maintained 
at the minimum required to produce the desired effect. Ordinarily 2 /»of the 
total charge are use^

Of the non-proprietary dispersing agents, soaps are the best. Ammoniurr 
oleate is commonly used soap. It may be prepared by agitating 19 parts bj 
weight to oleic acid with a slight excess of concentrated ammonia solution 
and water to make upto 100 parts by weight. Proteins such as casein anc 
gums have also been recommended for preparing dispersions. The formei 
have a marked tendency to putrefy but a more stable solution may be preparec 
with 10 parts of casein, 1.5 parts of borax and 88.5 parts of water. Gum; 
possess inferior wetting power but have the advantage of increasing th( 
viscosity.

In all these operations, dispersions or solutions which are to be adde( 
to latex should be prepared with distilled or soft water.

The following table gives broadly the suggested speed of rotation of ba 
mill in relation to the diameter of the container.

Internal diameter of the container R.P.M.
cm inch

10 ■ 4 93
15 6 76
20 8 66
25 10 59
30 12 53
38 15 46
46 18 44
53 21 41
61 24 38



preparation of Aqueous Dispersions
The following basic formulae and methods are suggested for the 

preparation of the aqueous dispersions of the common compounding 
ingredients used in the processing of latex:

Sulphur (50% dispersion) Parts by weight

Sulphur
Dispersing agent 
Distilled water *

Ball mill 48 hrs,
ii. Zinc diethyl dithiocarbamate (50% dispersion)

ZDC
Dispersing agent 
Distilled water

Ball mill 24 hrs.

iii. Zinc oxide (40% dispersion)

Zinc oxide 
Dispersing agent 
Distilled water

Bill mill 24 hrs.

4

100
2

100

3
147

Antioxidant (20% dispersion)

China clay
General purpose heat resistant antioxidant 
(Acetone-diphenylamine condensate) 

Dispersing agent 
Distilled water

Ball mill 24 hrs.

50
50

147

Alternate to ball milling, colloid mill may be used for the dispersion of 
solid materials. The machine consists essentially of two circular plates_ one 
of which is stationary and the other rotates at a very high speed, 1000-20,000 
revolutions per minute. The clearance between the two plates is general y 
adiustes do withing very narrow limits (0,25-0,2 mm). The slurry is fed into 
the clearance: on account of the very high revolution of the plate, 
action for the material fed takes place which helps in dispersing the solid
material



preparation o f Liquid Compounding Ingredients
m para  w h i c h  are water immiscible, can be

Liquid compounding g emulsifying agent such as potassium
emulsified in water with e
oieate The emulsion'  ,^g suspended droplets carry a
n ll l l l r c h L g V A ^ im p le  e q u ip m e n t  forthepreparation of emulsion consists 
negative Charge.«  j l  Very fine and stable emulsions can be

p ep?red by a devfce which imparts a shearing action e.g. a colloid mill and 
T a  homogeniser The emulsifying agent may be prepared ,n situ. In this 
method the cationic part of the soap (ammonia, KOH or amnne) is dissolved 
in water and the anionic part (oleic, steanc or resin acid) isdissolved m the
liquid to be emulsified. Often the technique is modified in that the water
solution is added in small amounts to the non-aqueous phase producing first 
water-in-oil emulsion which undergoes an inversion to an oil-in-water emulsion 
on further addition of the aqueous phase. Recipes for the preparation of typical 
emulsions are given as under:

Liquid paraffin (60% emulsion) Parts by weight

Liquid paraffin ^
Oleic acid 2.5/A
Cone, ammonia soln. 2.5/B
Water 45/B

Oleic acid is mixed with the liquid paraffin and the mixture added to the 
water containing concentrated ammonia solution. The two phases are mixed 
by agitation arW the emulsion is improved by passing through a homogeniser 
ii. Styrenated phenol (50% emulsion)

Styrenated phenol 50/Part A
Oleic acid 2/Part A
Triethanolamine 1.5/Part B
Water 46.5/Part B

Part A is heated to about 60°C and then added with high speed stirring 
to Part B also at the sa'me temperature. The stirring is till the emulsion attins 
the room temperature.

ill. Steanc acid (16% emulsion) 100.0
Oleic acid 2 5
KOH 2.5
Cone, ammonia soln. 2.5
Water 490 0



Stearic acid, 100 parts, is melted with 2.5 parts of oleic acid and poured 
with vigorous stirring into 490 parts of water at 70°C containing 2.5 parts of 
KOH, Ammonia (2.5 parts of 0.880 sp. gravity) or an equivalent amount of 
amore dilute solution is then added and the mixture cooled white continuing 
the stirring.
Calculation of Latex Formulation

Compounding of latex should t3e performed in a vessel that is chemically 
resistant to the latex and compounding ingredients. Preferably the vessel 
should be equipped with a mechanical stirrer, the blades of which are located 
low in the vessel and have a shape that indeces agitation without foaming. 
The compounding ingredient is best added to the continually stirred latex in 
a slow steady stream with minimum of splashing.

Latex formulations are usually calculated on dry rubber content (DRC) 
in case of natural rubber lab< and on total solids coutentwith synthetic latices.

An illustration of a latex compound in parts by mass is given below:

Ingredient parts of the Wet parts
principal 

constituent (dry)

Natural rubber latex (60% DRC) 100 167.5

20% Potassium hydroxide soln. 0.5 2.5

50% Sulphur dispersion 0.5 1.0

50% Antioxidant dispersion 1.0 2.0

50% ZDC dispersion 0.5 1

50% Zinc oxide dispersion 1.0 2.0

Forming of Products from the Compounded Latex
For the production of useful articles from the latex compound, it is 

necessary to convert the rubber into the desired form. A wide range of methods 
are available, of which the important one straight dip method is described 
below.
Straight Dip fAethod

Articles like toy balloons, teats, globes, contraceptive can be prepared 
from the compounded latex by dipping process. The prcess consists 
essentially of dipping a former in the shape of the article to be made in the 
compounded latex. The deposited film is dried, vulcanised and then stripped 
from the former.



Ingredients
Parts by Wt

167.0
60% Centrifuged latex 
20% Stabilising solution ^ ^
(Cetyl oleyl sulphate)
50% Sulphur dispersion _
50% ZDC dispersion ■
50% zinc oxide dispersion

Cure 30 min. at 100°G.

Since zinc oxide has a thickening action on the latex compound in the 
presence of ammonia, it is preferable to reduce the ammonia content to 
about 0.1 % by blowing air or reacting with formaldehyde.

In case of balloons, softenrers may be incorporated to reduce .the 
modulus and thus render them easier to inflate.

For articles such as gloves, a filler such as China clay may be added in 
the form of 60% dispersion. Antioxldants can also be incorported.

When fabric lined gloves are prepared by dipping, a wetting agent and a 
thickening agent may be included to control the penetration and better keying 
of the rubber to the fabric.

Products like teats, contraceptives, surgeon's gloves and electician's 
gloves are to be made from extra purified latex. Surgeon's gloves must be 
thin-yet strong and stand repeated sterilisations. A combination of good 
tensile strength and high elongation is required so that the choice of curing 
cdndttlons is quite critical. A proper non-staining antioxidant is also necessary.

Electrician's gloves are much thicker and must be as free as possible 
from non-rubber constituents which would affect electrical resistance.

Following are the essentials of equipment of flow- 
Former

These may be made from metal, glass, lacquered wood, porecelain 
(both glazed and unglazed).
Dipping Tanifs

The containers for the latex may be made from stone, enamelled iron, 
stainless steel, or wood lined with pitch, rubber, gutta percha or the like. The 
temperature should be thermostatically controlled and the vessel should be 
equipped with a mechanical stirrer. Slow stirring of the latex mix assists in 
the removal of bubbles and constantly changing the surface minimises the



formation of a skin. If a sl în is formed, it can be removed by si^inning the
surface-
Coagulant

There are two types of coagulants, viz.
a. Salt coagulant
b. Acid coagulant.
Following are the compositions of these coagulants-

Ingredients Parts by Wt.

i. Calcium chloride 20.0
Ethanol 60.0
Water 20.0

ii. Calcium nitrate (hydrated) 20.0
Ethanol 20.0
Water 60.0

ill, Cyclohexyl amine 12.4
Accetic acid 7.6
Ethanol 80.0

Dipping Process
The formers are held in racks which may be lowered mechanically 

either into the coagulant or the latex bath.
The process itself consists of dipping the former into the coagulant and 

after withdrawing, solvent is allowed to evaporate. This is followed by dipping 
into latex. For balloons, one such dipping cycle is sufficient. If no coagulant 
is used, several latex dips may be required and the coating dried or partially 
dired between each dip.

After dip in the latex, rate of withdrawal should be such as to allow 
adequate drainage of fluid from the former. Inversion and possible rotation of 
the former, as soon as it has been withdrawn from the bath serves to eliminate 
the drop of latex which tends to collect at the lowest part.

Given below are some typical formulations:

Industrial gloves Psrts by Wt.

60% Centrifuged latex ''67-0
20% Stabilising solution 6 0
Sulphur dispersion



50% ZDC dispersion 
40% Zinc oxide dispersion

50% China clay dispersion
20% Antioxidant dispersion ^
25% Carbon blacl< dispersion

Cure 30 min. at 105-110 C

Surgical gloves
Parts by Wt.

167.0
1.0
1.5

60% N.R. latex 
Thickening agent 
50% Sulphur dispersion 
50% ZDC dispersion ■'' •5
40% zinc oxide dispersion 2.0
20% Ketone amine antioxidant 2.5
50% Styrenated phenol antioxidant 2.0
50% Liquid paraffin emulsion 5.0

Cure 30 min, at 100“C

Prevulcanised latex Parts by wt.

60% Centrifuged latex 167.0
10% Dispersing agent 5.0
50% sulphur dispersion 2.0
50% ZDC dispersion 2.0

The mixture is heated for 2-2 1/2 hrs at 80°C. To the vulcanised latex
may be added dispersion of fillers. mineral oil, pigments as desired.
Casting and Moulding

Casting as the name implies, involves the using of a mould on the 
inside of which the rubber article is formed. The moulds are of two types.

i. Plaster of Paris
ii. Metal.

The compounded latex is poured inside the mould and the same is 
roated in all the directions so that the latex is evenly distributed. Gelation in 
the plaster mould is brought about by partial absorption of water by the material 
of the mould. In the metal mould, gelation is brought about using a heat 
sensitising compound in the latex mix.



In case of casting with plaster mould, the same is filled with the 
compound. As the water is taken up by the absorbent plaster, the level of 
latex will fall; further quantities of latex are added to fill the mould. After the 
desired thickness has been built up, the excess latex is poured out and the 
same may be used again.

The plaster mould together with the deposite of latex is placed in an 
oven at 40-60” For several hours for consolidation and partial drying. At the 
end, the moulded article is carefully taken out, dired and finally cured at 
100°C.

A typical formulation is as under-

Ingredients Parts by Wt.

60% NR lateK 167.0

20% Stabilising solution 3.0

50% Sulphur dispersion 3.0

50% ZDC dispersion 2.0

40% Zinc oxide dispersion 4.0

60% Filler dispersion As required

20% Pigment dispersion 5.0

CureSOmin. at 100°C.

Mouldlng with Metal Moulds
The case moulds of light alloys, e.g., of aluminium or stainless steel 

are available. Copper, brass, iron or alloys containing copper or manganese 
should be avoided.

The mould is heated in an oven or water bath to about 85°C and filled 
with the latex compound. Gelation of the compound takes place starting at 
the hot walls of the mould. After two to three minutes, the excess ungelled 
latex is taken out for subsequent use taking some precautions like not 
mixing with fresh compound without a prior cooling.

The mould is then returned to the oven for 1-15 minutes to ensure 
complete setting of the mbber deposit, after which it is opened and the moulding 
removed. It is then partially dried at 40-50”C washed for several hours in.cold 
running water for several hours, dired off at 50°C and finally vulcanised for 30 
minutes at 100°C. In the formulation, heat sensitising agent, e.g. ammonium 
acetate and delayed action gelling agent, e.g., sodium silicofluoride can be 
used.



Ingredients Parts by Wt.

60% Ammonia preserved latex 167.0

Stabilising agent 0.5
20% Ammonium acetate solution 7.5

50% sulphur dispersion 4.0
50% ZDC dispersion 2.0
40% Zinc oxide dispersion 4.0
50% Antioxidant emulsion 2.0
20% Pigment dispersion As required
50% Filler dispersion As required

In this case the stabilising agent should be so selected that it loses its 
activity above 70°C, vî hen annmonium acetate brings about gelation. 
Preparation of Latex Foam

A very major proportion of latex is used for the manufacture of foam 
articles, e.g., cushioning material for bedding, automotive seating, etc. The 
process consists of the following stages:

a. Preparation of the compound
b. Foaming
c. Addition of gelling agent
d. Pouring of the sensitised foam into a mould
e. Foam gelling
f  Foam curing
g. De-molding of the foam
h. Washing and drying.

Preparation o f the Compounds

Compounds for latex foam production are based on natural rubber latpv 
SBR latex, could polymerised, reinforced or blends of natural and SBRI t 
Zinc oxide is an essential ingredient in the preparation of foam but th* 
case of high ammonia latices, zinc oxide will lead to thickening and f  i 
destabilisation, which is highly undesirable. Hence, the latex is 
ammoniated and brought down to 0.1 -0.15% by the addition of formaideh h '  
or by blowing moist air across the surface of the latex while stirring it



The latex is allowed to mature and during the course of maturing, sulphur, 
acceleratiors, and other compounding ingredients except zinc oxide are added.
A control on temperature is required.
Foaming and Gelling

Foaming is done by continuous or batch process. It is done by whipping, 
the extent of beating time tieing determined by the desired volume increase. 
After the desired volume increase has taken place, zince oxide with secondary 
gelling agent if the latter is required and followed by gelling agent, is added. 
The speed of beating is reduced. The beating is continued till the chemicals 
have been finally added. The foam is then poured into the mould.

The sequence of operations requires a very delicate balancing of time. 
The gelling action should start before there is a collapse of the forth and yet 
should enable the frothed material to be poured into the mould. 
Vulcanisation

Steam at atmospheric pressure should be used for curing moulded 
foam product In normal cases, a period of 30-40 minutes is adequate 
Washing and Drying

After vulcanisation, the foam product is stripped from the mould and 
trimmed. It is then thoroughly washed to remove salts, soaps, and eliminate 
any odoriferous residues. Excess water after virashing is removed by squeezing 
and dried in hotair at60-80°C.

The mechanism of gel formation in this case is as under-
The latex compound contains, in addition to the curing ingredients, 

ammonia and additional soap. After the forth has been made by mechanical 
agitation, zinc oxide and sodium siiicofluoride are added. The pH at this 
stage is in the range of 10.0 to 10.6.

The hydrolysis brings about gelation of the latex foam in three ways-
i. The fall of pH due to the presence of hydrofluoric acid
ii. The adsorptive effect of silicic acid
ill. The destabilisation effect of zinc amines formed from the reaction of 

zinc oxide with ammonium fluoride.
By suitable choice of levels of zinc oxide and sodium siiicofluoride, and 

in some cases, the use of secondary gelling agents such as diphenyl 
guanidine the reactions lead to the formation of open call. Following is a 
typical recipe:



Ingredients Parts by Wt.

60% N.R. latex 167.00

20% Potassium oleate soln. 5.00

50% Sulphur dispersion 4.00

50% ZDC dispersion 2.00

50% ZMBT dispersion 2.00

20% PBNA dispersion 2.50

50% Styrenated phenol emulsion 2.00

50% China clay slurry 0.30

Fast Colour As required
40% Zinc oxide dispersion 10,00
Secondary gelling agent 0.5-1.00
20% Sodium silicifluoride dispersion 5.0-7.50

SBR Latices - Compared with natural rubber, SBR latces yield foam <
lower tensile strength and a poor hot tear strength. For these reasons,
bland of 50/50 NR - SBR is used. Following is a typical recipe:

Ingredients Parts by Wt.
Wet Dry

60% NR latex (ammonia 0.1%) 83.00 50.00
69% SBR latex 73.00 50.00
20% Potassium oleate soln. 1.25 0.25
50% Sulphur dispersion 4.00 2.00
50% ZDC dispersion 2.00 1.00
50% ZMBT dispersion 2.00 1.00
Antioxidant dispersion/emulsion 1.00
Foamed and then add
Thickening agent 50% dispersion ■ 1.50 0.75
50% Zinc oxide dispersion 8.00 4.00
20% Sodium silicofluoride dispersion 9.00 1.80

Cure - 45 min. at 100°C water or steam

Polychloroprene Latex Foam - These jatices posses superior flame 
chemical and ageing resistance. A typical formulation based on Neopren 
601A is given below:



Ingredients Parts by Wt. (dry)

Neoprene 601A 100.0
40% Petrolatum emulsion 3.0
Stabiliser 2.0
50% Sulphur dispersion 2.0
50% ZDC dispersion 2.0
Foam and then add -
Secondary agents 2.0
50% Zinc oxide dispersion 7.5
200%-Sodium silicofluoride disperssion 2.0
preferably equal proportions of

sodium and potassium salts
Cure initial 30 min. at 120°C in steam 

Post cure drying 16 hrs. at 80°C

Manufacture of Latex Thread
Rubber thread from late is manufactured by a process of extrusion. A 

suitably compouded latex is allowed to pass through glass nozzles under 
pressure into a bath of cagulant. The extruded latex gel is in the form of a 
round thread which is drawn out of the bath and subjected to washing, drying 
and vulcanising operations.

The process for the manufacture of latex thread can be divided into the
following operations-

a. Preparation of the latex compound
b. Extusion into the coagulant bath
c. Washing
d. Drying and curing.

Preparation o f the Latex Compound

Following is typical recip:

Ingredients Parts by Wt.

60% NR latex, deammoniated 167.0
10% Potasium hydroxide solution 3.5

20% Potassium oleate solution 5.0

50% Sulphur dispersion 2.0

50% ZDC dispersion 2.0



40% zinc oxide dispersion
50% Styrenated phenol emulsion ^ °

As required
Colouring matter

The ammonia content of the ammonia p r e s e n / e d  latex is reduced to
0 1 -0 2% Deammoniation of the latex is essential since the presence of too 
much ammonia would lead toexcessive variation in viscosity during storage.

Dispersion of the compounding ingredients should be good and free 
from coarse particles and air bubbles.
Extrusion Process

The latex compound described above is transferred to the feed tank 
when it flows to a manifold leading to capillaries for extmsion into a coagulant 
bath. The coagulant normally used is acetic acid of 20-40% concentration.

Washing
The gelled threads are drawn out of the acid bath and conveyed througl- 

one or two washing tanks 6-9 ft. long to remove any surplus acid and watei 
soluble impurities. The temperature is approximately 80“C.

Drying and Vulcanising
From the washing bath, the threads are carried by a conveyor belt intc 

a heated tunnel in which air is circulated. A gradation of temperature 70°C t( 
about 130°C is maintained. After leaving the heated tunnel, the threads pasi 
through a bank of talc and then wound on to bobbins or drums.
Latex Application in Carpet Industry

Of the many techniques for the manufacture of carpets, largest volumi 
is of the tufted type. Carpet, direct from the tufting machine, is limp am 
without any further processing is virtually unusable as a floor covering. It i: 
essential to apply some sort of coating at the back for stabilisation. Late 
(natural or synthetic) suitably compounded is applied on the underside a s ; 
backing. Three techniques for application are available-

Precoating, lick or froth
Secondary backing, lick or high solids froth technique 

Foam backing, using a gelling agent like sodium silicofluoride, zinc 
aminq or non-gel.

The essential requirements of high density foamed carpet backin 

include:
i Limits for wt. g/m^



II. Density
iii. Thickness
iv. Compression set
V, Compression resistance 

Vi. De-lamination
vii. Accelerated ageing
viii. Ash content. ‘

In the formulation for various compositions for use inlatex or their 
compounding, following are the specifications/requirements of some of the 
ingredients used.
Polymer

Carboxylic SBR latex (50-60% stymne); (60-70% styrsne) - The cartxjxyl 
functional group confers important advantages, such as ability to use 
sulphurless cross-linking system with other functional monomers and a high 
adhesive strength. The increased polarity of the polymer increases its 
compatibility with and affinity for polar substances such as fibres or inorganic 
fillers.

Underthe international codification scheme, such latices are given the 
code XSBR with a number designation for the styrene content.

Styrene-butadiene lalex - N.R. latex 60%, LA-SPP type (low ammonia, 
santobrite preserved) preferred on account of its conferring high mechanical 
stability.

Heaveaplus MG 49 - It is a copolymer latex made by grafting methyl 
methacrylate monomer on natural rubber latex. It is used inconjunction with 
NR LA-SPP latex to confer sitffening and improved bound strength.

Stabiliser
Sulphonated alkyl ■■ ethylene oxide condensate.

Sequesterant
Polyphosphate e.g. sodium hexametaphosphate in order to sequester 

any free calcium ions and maintain long-term viscosity stability.

Defoamers
These are used to reduce tendency for frothing.

Fillers
Such as calcite, dolomite or clay moderately fine particle size. For 

meeting flammabiiity requirements, alumina trihydrate (ATH) is used for 
replacing some or the entire quantity of calcium carbonate



" ^ t o  minimise filler settling out o f suspension and to control 
penetration into tufts. Polyacrylates, celiutostics, etc.

' " “ ne based or t^indered P h e n o l .  t y p . i .  N.^dicyclohexy, 
phenylene diamine designated for heat protection and not light.

Gel Stabilisers
S odium  s ilicoftuoride (NSR) o r am m onium  acetate.

Vulcanising System
Vulcanising include - Zno - ZDEC - ZMBT 

Farthing Compound
Sodium lauryl sulphate.
Following is a brief description of various techniques adopted as 

undercoating in carpet.
Precoating

The tufted carpet is carried over rollers which revolve in a lick bath 
containing the prepared latex mix. The compound is thus forced into the 
back of the carpet and excess is removed by the scraper baldes. Degree of 
oeetration of the latex depends among other factors on compound viscosity. 
After passing over stentors. the heating is done by infrared heaters directed 
at the precoat side only.

Following are some typical formulations.

Using XSBR latex

Ingredients ________

Carbdxyilc SBR latex (50-60% styrene) 
CartDOxylic SBR latex (60-70% styrene) 

Sodium lauryl sGlphate 

Sodium hexam etaphosphate  

Defoamer
Calcium carbonate filler 
Polyacrylate thickener 

Water

Parts by mass (dry basis; 

Lick coating Forth coatinc

100.00

100.00
0.75

0.50 0.50
0.50

' 600.00 500.00
To viscosity 5-10 Pa.

To78% TS C .



Latex Processing and Applications 

Using NR latex

Ingredients

60% NR latex, LA-SPP type 
50% Heveaplus MG 49 latex 
25% Surfactant solution 
Tetrasodium pyrophosphate 
Water

Filler
10% Thiourea dispersion 
50% Antioxidant dispersion 
Anti-foam agent 
10% Thickener solution

Wet Wt.

167.0
60.0

3.0
1.0

To 72-75% total 
solid content 

400 
10.0 
2.0

As requied 
4.0 or as required

Secondary Backing
The process, also termed as jute backing, involves latex coating on the 

back side of the carpet in the same manner as for precoats and laminating to 
the secondary jute followed by drying in an air-circulating oven. To produce a 
satisfactory end product, the adhesive qualities of the compound must be 
good.

The follov^ing are typical formulations for secondary backing of tufted 
carpets:
SBR latex formulation

Ingredients Lick coating

Carboxylic SBR latex (50-60% styrene) 
Carboxylic SBR latex (specially dsigned) 
Water

Sodium hexametaphosphate 
Calcium carbonate filler 
Sodium lauryl sulphate 
Thickener (polyacrylate)

High solid 
froth 

technique

100

To 78% To 82-84%
TSC TSC
0.25 0,5
300 400

- 0.5
To 10 Pa. To 20 Pa.



N.R. latex formulation
Wet. wt.

60% N R latex LA-SPP type
167
60

50% Heveaplus MG 49 latex 3
Surfactant solution 1

To 68-75% total
Tetrasodium pyrophosphate

Water solids

Filler
100

10
10% Thiourea solution 
50% Antioxidant dispersion

2

10% Thickener solution
5 or as required

The above solution gives a maximum delamination strenath of 3,5 !<g/g’

Foam  Backing
Three systems are in use;

a. Zinc-amine,
b. Sodium siiicofluoride and

c. Non-gel process.
Wherever foam is used, a precoat is applied first. After the precoat is 

cubstantiallv dry, the foam then can be applied. Mechanical devices are 
used to deposit the foam evenly. After foam application, the carpet is carried 
nn to a Din stentor which carries the carpet through the even and prevents 
L rp e t shrinKage during d^ing and vulcanisation.

Z in c - a m in e  Gelation System
The above, also known as ammonium acetate system, is based on 

chemical reactions involving zinc ions, ammonium salts, ammonia and fatty 

acid soaps.
f^Plation of latex involves a phase inversion from rubber-in-water (0-in 

W) to  water in rubber (W-in-O). Following is a typical recipe:



Ingredients
Parts by mass (dry)

Styrenebutadiene latex 
Potassium oleate 
Water
natural rubber latex
Sulphur
ZDEC
ZMBT
Antioxidant
Zinc oxide
Calcium carbonate filler 
Polysiloxane system 
Polyacrylate thicl<ener 
Ammonium acetate

50.00
3.00

To 70%TSC.
50.00

2.25
1.25 
1.00 
1.00
3.00

100.00 
0.15 
0.10
2.00

Sodium S illicofluoride System
Gelation is brogught about by the hydrolysis of NSF in 

hydrofluoric acid. In combination with zinc ions, the HF reacts tte  
stabilising fatty acid soap to cause a controlled colescence a room 
temperature.

But in the carpet indust^, there is insufficient ta e  to atow a room 
temperature gelation and it is treated like all other foams in carpet industry to 
pass through the infra-red zone to accelerate gelation. Following is typical 

recipe:

Ingredients
Parts by mass (dry)

Styrenebutadiene latex
100,00

1.75
potassium oleate 2.00
sulphur 1.0
ZDEC 0.75
ZMBT 0.75
DPG 0.75
Antioxidant 3.00
Zinc oxide 50.00
Calcium carbonate filler
Polyacrylate thickener To viscosity 3 Pa.s 

3.50
Sodium silicofluoride (NSF)



Non-gel Prcess Dow Co. put up a specially designed
Several systems were dev p ^  complicated sulphur cure paste, 

SBR latex, f
Instead, the cro by using succinate surfactant which

y  _ .. « K,nir'ai rp»rine:QlVeb «s H i y i i -----  • .
booster Following is a typical recipe, 

ingredients
Parts by mass (dry)

----------------------- — ----------------------- - 1.00.00
S tyren e -b u ta d ie n e  latex ^
Disodium octyl sulphosuccinate ^
Sodium lauryl sulphate
Sodium hexametaphosphate

To 78 /o TSC
Water
sulphur
ZDEC

0 75
ZMBT

1 00Antioxidant quinoline type
2.00Zinc oxide

Calcium carbonate filler 2.00.00
Polyacrylate thickener To 3 Pas.s.

In the following table are given the comparisions of physical propertie 
of various foams:

Characteristics Non-gel Zinc-amine NS

Filler-level (phr) 200.0 120.0 la
Tensile strength (kPa) 42.0 77.0 190.

Elongation at break (%) 160.0 150.0 290

25% Compression modulus (kPa) 28.0 30.0 35

Delamination {kg/5 cm) 0.7 1.3 2

Surface abrasion (no. of strokes) 4.0 14.0 30
Raw material cost, ratio 10 1.33 1.!



L a te x  p ro c e s s in g  a n d  A p p lic a t io n s

Rubberised Hair Products «  rnatpml

v e g e t a b le  f i b r e ,  e.g., coir {cocont fibre).
in general, the use of animal hair giver, ̂  more resilient product than

use of vegetable fibre.
The process consists essentially of the following steps-

i. preparation of the latex compound
ii. Curling the fibres
ill pre-an-angement of the fibres for spraying

iv. Spraying the latex compound 

V. Drying
Vi. Compressing and curing the article.

'^ “ '^"por some applications, rubberised hair products are required to have a
measure of fire resistance. This is achieved by
chlorinated «/ax, hydrated alumina and antimony troxide dispersions.

A typical recipe is as under. _____________

Ingredients

60% NR latex (NH, content 
reduced to 0.1%)
25% Surfactant solution 
20% Potassium hydroxide soln. 
50% Antioxidant dispersion 
50% ZDEC dispersion 
50% ZMBT dispersion 
50% Sulphur dispersion 
50% Zinc oxide dispersion 
Water distilled

Aimal hair
Parts by wt. 
Coir or other 

vegetable fibre

167.0 167.0
4.0 4,0
2.0 2.0
3.0 3.0

20 2.0
3.0 3.0

8.0 5.0

10.0 6.0

To 50% total
solids content.



Tyre Cord Dips ^  i , ,he construction of pneumatic tyres are
The rubber composition designed to ensure good

ra:reiy"pL7Lrs".he«cla«ceswN
‘" " " a r b r e ™  ccponents, v i .  resorcno,- 
formaldeyde resin, vinyl-pyridine-butadiene terpolymer latex and styrene- 

butadiene latex.
In the coating of tyre cords, the cords are drawn over a roller immersed 

in the latex mix then through a squeeze roller to remove excess latex and 
thpn into a drying oven where water is evaporated and the condensation of 
Ltex is compTete A final temperature of 130«C is necessary to complete the 
resin condensation and ensure adequate bond strength.

Following is a typical formulation for type dip composition:

Nylon cord Polyester cord

Ingredients (Parts by mass)

Vinyl-pyridine terpolymer latex (41 % TSC) 285 428

Styrene butadiene latex (40% TSC) 145 -

Resorcinol formaldehyde resin soln* 465 500

Distilled water 105 72

* Prepared as follows-resorcinol 11,0; 40% formaldehyde 15.0; sodium 
hydroxide 0.3; water 240.

Miscellaneous Applications
Latices have been used extensively as binder particularly in the footwear 

and flooring industries and manufacture of reconstituted leather board. PVA 
latices have been used as wood adhesives and in paints. With a proper 
compounding and processing techniques latices offer a great versatility in 
their applications.



Chemical Aspects of Rubber Technology

INTRODUCTION
Molecular Formula - This indicates the kind of atoms present and their 

number in a chemical compound, e.g., for However there
may be compounds having same molecular formula but different physica 
and chemical properties, e.g., C,H,„ is the formula for = e v e ^ '“  
compounds They are called isomers and the phenomenon, i.e., compounds 
having same molecular formula but differing in properties is called as 
isomerism.

Isomerism may be of various kinds. The most common one is knowii 
as structural isomerism. In this, the atoms in the molecule are arranged 
differently in the isomers, i.e., the isomers differ in structure or 
Thus, the compound, having molecular formula, CjH^GH can have two isomers.

H H

I 1 
H H

C .H pH  Ethyl alcohol or ethanol

H H
1

I I
H H

CH —O—CH, Dimethyl ether



„,agycfnubterandRMerGoo^s,n,us,rle. 

i A liphatic-open c h a i n  compound, e.g.,
CH3-C H 3

CjH, Ethane

ii A llcyc tic  - Carbocyclic or saturated ring com pound , e.g.,

H.C

H.C / « ■
CH,

Cyclohexane
iii Aromatic - These are cyclic compounds, contain alternate double 

and^ngle bonds in the structure and usually denvatives of benzene 
(benzenoid compounds), e.g.,

/ \

1  ?  ” 1 I [ h

C,H, Benzene Naphthalene
Heterocyclic - These are cylic compounds containing at least one 
element Other than carbon and hydrogen, e.g..

iv.

" (

/C H ,

HC^ CH 

Pyridine

SATURATED AND UNSATURATED COMPOUNDS
When an organic compound has all its carbon atoms joined to any 

other carbon atom with a single (sigma) bond then it is called a saturated 
compound, e.g., ethane, cyclohexane.

When in organic compound there are at least two carbon atoms joined 
together by two (double) or three (triple) bonds then it is called an unsaturated 
compound, e.g.,



H H 
I H -C  s  C -HC = C
I I

H H
C H =C H , C H sC H

Ethylene Acetylene
The unsaturation can be of single or multiple type. The nature of double 

bond in multiple type may vary.
i When there is alternate double and single bond in a compound, then 

the bonds are known as conjugated double bonds.
H H H H
M M
C-C—C—c
1 I
H H

CH2=CH—CH=CHj 
1,3-Butadiene

II. When the double bond occurs consecutively, these are called as 
cumulated double bonds.

CH,=C=CH,
Allene or propadiene.

Structural isomerism can also be possible as the number of carbon 
atoms increases in an aliphatic compound. Thus -

H 
I

H H—C—H H

CH3—CH,—CH,-CH,

Straight chain 
normal compound 
n-butane

CH3-C H -C H ,
I

■Branched compound 
isO”butane 
2-methyl propane



In ovclic compounds positional isomensm, i.e. isomerism occurring 
due to the presence of a group at different position of the ring occur

_ n -  Q r  »Br
Br

Benzene

C,H,Br
Bromo-
benzene

C.H,Br,
Orth-di-
bromo-
benzene
0-
1,2-dibromo-
benzene

1,2, 3-tribromo 
benzene

HOMOLOGOUS SERIES

Br
1,2,4-tri-
bromobenzene

1,3,5-tribromo 
benzene or 
sym-tribro- 
mo benezne

Butane

IVlembers having same general formula and containing similar functional 
groups but differing in molecular weight are called belonging to a homologous 
series. Thus,

C3H,
Methane Ethane Propane
Genral Formula Paraffin Series - 

TYPE OF COMPOUNDS 
Paraffins

Paraffins have the general formula, and contain only C and H 
having Single bonds between C atoms. The bonds are covalent, and non- 
polar. The paraffins have names ending with ane. e.g., propane, butane. They 
are inert and unreactive, from C, to C, they are colourless gases, to C „



C h e m ic a l A s p e c ts  o f  R u b b e r T e c h n o lo g y  

colourless liquids and C „ onwards colourless solids.
noints etc., increase regularly with the increase in chain length. They are 
isoluble in piolar (e.g., water) solvents, but soluble in non-polar (e.g., benzene) 
solvents. They are not usually attacked by acids, alkalis, oxidising or reducing 
agents. The radical generated from a paraffin is called an alkyl group, ending 
with yl. Thus,

Ethane EtHyl
C ,H ,-

CHj—CH3 CH3—CH,—

Olefins
Their general formula is C„H,„. The simplest compound is ethylene and 

such compounds are also called as ethylenic compounds. They contain only 
C and H and have one or more double bond in the structure. Depending upon 
their structure they may be either polar or non-polar. If the structure is 
symmetric, e.g., CjH,, it is non-polar, otherwise it is polar. The name ends 
with ene and they may be named usually by three systems.

i Lowest number is given to the double bond, and the number indicates 
the first of the two carbon atoms that are joined together by the 
double bond.

6 5 4 3 2 1
CHj— —CH=CHj 
a - butylene or 1-butylene or 1-butene 
CH,—CH=CH-CH, 
p - butylene or 2-butylene or 2-butene 

Due to the presence of double bonds, olefins are reactive and undergo 
addition reactions,

CH,=CH,+ B r,->C H ,-CH ,

Br Br
Ethylene dibromide or 1,2-dibromo ethane 

They also can undergo substitution reaction.
C H 3 — C H = C H ;  +  C l j - ^  C H , — C H = C H j  +  C H I

Cl
Allyl chloride

The most important radical derived from ethylene is vinyl group.



H H
1 I

H
I

H

C = C  c=c- c=c_

Ethylene Vinyi Vinylidene
Table 1 shows the name of various compounds alongwith functional 

groups.

Table 1 Classes and characteristics of organic compounds

Class of compound Name-of
functional
group

Fomiula Simple
of func. example
group.

Name
ending
at

Paraffin
(Alkane)

Olefin (Alkene)

Afkyne

Halogen deri­
vatives of 
paraffin 

Monohydric- 
alcohols

Dihydric alcohol 

Polyhydric alcohol

Single
bond

Double

bond

Triple bond

Contains one 
or more 
halogen atoms

Hydroxyl

Hydroxyl

Hydroxyl

Ether

—OH

-O H

CH3- C H 3 *ar
Ethane

CH,=CHj -ei

Ethylene

CHsCH -yi
Ethyne

CHj-CHjCI
Ethyl chloride

CH^-CH^-OH 
Ethyl alcohol 
or
ethanol

HOCH^—CH^—OH 

Ethylene glycol 

HO -CH j—CH—C H j-O H
1

OH 
Glycerol 

CH3- O - C H 3 eti

Dimethyl ether

Aldehyde Carbonyl
O

H -C '^

Formaldehyde

- a l

Formal



Class of compound Name of
functional

Formula 
of func. 

group group.

Carbonyl 0=0

Simple Name
example ending

at

Acetone

Carboxylic acid

Cyanides or 
nitriles

isocyanides or 

corbylamines

Carboxyl

Nitrile or 
cyanide

Nitro compounds Nitro

■^OH

—C=N

- N = C

^OH
Formic acid

CH3~C=N 
Methyl cyanide 
or acetonitrile

CH^-NSC
Methyl isocyantde

O
Nitrobenzene

Amine (primary) p-amino

Amine (secondary) s-amino

Amine (tertiary)

Amine and 
acid

<
N,

P-phenytene diamine 

CHj
Mono methylaniline 

CH,

CH,
Dimethyl aniline

—NHjand 
-COOH

CH3—0
NHj

Acetamide 
H^4~CHj—COOH 

Glycine



Class of compound

Diazo compound

Mercaptan or 
thioalcohol

Thioether or 
alkyl sulphide

Sulphenamide

Name of Fomiula
functional of func
group

Azo — N = N 

Mercaptan — S— H

Thioether — S—

- C

Simple
example

Nanne
ending

CH2—N = N  
Diazomethane

Methyl mercaptan

CI-CH,CH,—S— 
CH,CH^-CI 
2, 2 '-dichorodi- 
ethyl sulphide or 
Mustard gas

Grignard reagent 
or
organementaliic
compound

Oicarboxylic Acid

Saccharides or 
carbohydrates

Phenyl compounds

Naphthalene
derivatives

—M—X

-COOH

Polyhydroxy —OH and
aldehyde or C O
ketone

Phenyl

Phenylene

0 “
-CaHs

CH3—Mg—Br 
Methyl magnesium 
bromide

HOOC— 

Terephthahc acid

Glucose
C.H,A

C r - .

Nitrobenzene

NO,

NOj
m-dinitrobenzene

NH,

O C r  c6
a - naphthylamine



Class of compound Name of Formula Simple Name
functional of func. example ending
group group. at

Anthracene

000
o

9-10-anthraquinone

ALLOTROPY

When an element exists in various forms it is said to extiibit ailotropy 
and the different forms are called as allotropic forms. Groups IV, V and VI 
elements of periodic table exhibit allotropic forms which are shown in Table 2. 
Carbon

Of the various carbon fonms, amorphous carbon which comes as channel 
or furnace black is used considerably in rubber industry as filler. The particle 
size is of great importance and usually varies between 10-300 mp having a 
surface area of 8-250 sq. m/g.

The C-black can adsorb (dissolve by Vander Waal forces) gas. In channel 
black there is a layer of O and moisture is adsorbed onto the outside surface 
of the article. The surface of fumace black is different. Due to this, the furnace 
black can give rise to scorching. However, this can be prevented by some 
treatment (Clj at room temperature).
Silica

Of the various forms, amorphous (fumed) silica, obtained by burning 
SiCI„ in H, has a very low density and particle size giving rise to large surface 
area per weight. This is used as a very good non-black reinforcing filler. 
Oxygen

Attacks rubber degrading it chemically (ageing). This is aggravated at 
high temperature and in humid conditions. During running, due to friction, the 
non-conducting tyre generates static electricity which, in turn, causes 
transformation of O  ̂into O, which is a more powerful oxidising agent than O  ̂
and degrades rubber more quickly. Due to these reasons, antioxidants and 
antiozonants are incorporated in rubberformulations.
Sulphur

Rhombic sulphur is usually used for vulcanizing rubber. The reaction 
converts themnoplastic aibber into thermoset product by incorporating S cross-



T e chn o log y  o f R u b b e r a n d  R u b b e r G o o d s  Ind u s lrlo s  

w s  between rubber molecular chains. The rubber changes from a plasticto 

^ ^ ^ " * ^ ^ r ; l lo t r o p lc r o m .o f s o .e e ,e .ents.unC  in nature

Group Element

IV Carbon

IV. Silicon as silica

V Phosphorous 

VI. Oxygen 

VI. Sulphur

Allotropic forms

Diamond, graphite and amorphous 
[j, charcoal from wood and sugars
ii, lamp black from soot, acetylene blacli

and c-black
iii. animal charcoal as bone charcoal, ivory

black
k  coke from coal, anthracite
u gas carbon and
vi. electrode c from arc c)]
a. Crystalline

i. quartz
ii. tridymite
iii. cristobalite and
iv. lechitelierite

b. Amorphous
a. White
b. Red
a. Oxygen
b. Ozone
a. Rhombic or a - 8
b. tyionoclinic, prismatic or p - S and
c. Amorphous S

i. plastic S
ii. white S
iii. colloidal S

The rhombic sulphur has a chain of eight atoms, 
p  S-S-S-S-S-S-S-S

s.
Under heat, it can break up into different chain lengths, e.g., 

Heat
S, S, + S, or S, + Sj or S, + S,,

i.e., in general, S, +



Of all these possibilities, the disulphide -S-S- bond is most stable and 
hence found mostly in vulcanized rubtjer. However, other types are also present.

The disadvantage of ground rhombic sulphur is that it may cause bloom 
if it precipitates out from the vulcanised sample.

The problem of bloom can be avoided by the use of amorphous S as it 
does not recrystallise - due to the fact that it is insoluble in rubber. This 
application is useful for camel-back and repair gums manufacture where the 
uncured stocks are to be stored for a considerable time.

SOLUBILITY AND SOLUTION
Solubility is defined as the maximum weight of a substance (solute) 

that can dissolve in 100 g of a solvent at a particular temperature. Usually 
solubility increases with the increase in temperature. If the temperature is 
decreased, the solubility decreases. As a result the solute crystallises 
(precipitates) out from the saturated solution. However, if the temperature is 
brought down slowly without disturbing the solution, then no precipitation 
occurs and a supersaturated solution results.

If there are more than one immiscible solvents and one solute is present 
then the solute is distributed according to its partiton coefficient (K) in the 
two liquids, where:

Concentration of solute in solvent B
^  _ _______ ________  ■■

Concentration of solute in solvent A

During compounding of rubber, a very large number of ingredients, such 
as, vulcanising agent, accelerator, activator, filler, antioxidant, etc., are mixed. 
The solubility of each such material in rubber or in each other is usually 
different. Also, the solubility may vary in vulcanised and unvulcanised stock.

Blooming is caused when any ingredient used in rubber formulation 
precipitates out on cooling to room temperature after vulcanising or processing. 
Hence, the amount of an ingredient chosen must be well below its maximum 
solubility in rubber.

Thus, antioxidant phenyl-alpha-naphthyl amine has a solubility of 5% 
and phenyl-beta-naphthyl amine has a solubility of 1.5% in rubber. Hence, 
the former can be used to a greater extent without the fear of bloom. However,



, u,„ ,^mr•P';s Oil and only a judicious use of oil
many antioxidants of antioxidant in the stocl<,
can lead to grea er ..paric acid in proportions higher than their

The incorporation of jure also gives rise to bloom. Though,
solubility in vulcanisates at rw  ^^P^ vulcanised stocks, it can be
in general, tackiness of unvulcanized stocks. Similarly, a

A colour bloom can take place if a pigment is dispersed ,n a plasticiser 
that have the tendency to bloom.



Physical Aspects of Rubber Technology

INTRODUCTION
The understanding of the fundamental laws of physics is necessary for 

a rubber technologist to play vital role in the following fields of the industry:
i. Measurement of various factors in manufacturing process.
ii. Design and maintenance of suitable instruments for controlling 

process.
iii. Operation, understanding, interpretation and improvements in 

laboratory test techniques.
iv. Development of new application areas for rubber goods.
V The analysis, understanding and rectification of service failures so 

as to improve product and/or design.
vi. To help in assimilation of newer technology in other areas by aibber 

industry.
The following are the different branches of physios:

-Statics

‘ Dynamics

Solid state 

Properties of Matter — —► Liquid state
Gaseous state 

Heat, Light, Sound, Electricity and Magnetism 
Cathode rays

Nuclear physics ------> X-rays
^  Structure of the atom 

Only the topics relevant to rubber area will be discussed.
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o y s r h i c h  tends to resist a change in the state of ,ts

motion.
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A weight of mass W is suspended from a fixed Position by a thread and 
a piece of the same thread is attached to the lower side of the weight.

If a force F, is applied slowly and steadily to the weight (pull), the thread 
above W breaks and, on the other hand, if a sudden pull is given, the thread 
below W breaks.

This happens because in the first case the tension in the upper thread 
IS equivalent to F and W, whereas in the second case the inertia of the weight
retards its movement a n d  F is applied to the lower thread only.

Rubber belts, V belts, etc., are used extensively to transmit motive 
power from one location to another. As soon as the system is energised the 
sudden pull may break the belt due to inertia. Hence, the belts must be 
made of sufficient strength so that they can withstand the momentarily high 
forces produced when setting the equipment in motion.

Newton's second law states that the rate of change of momentum of a 
body is equal to the force acting and takes place in the direction of the 
straight line in which the force acts.

P = mf
where P is force, m is mass of the body and f is the acceleration.
The third law states that to every action there is an equal and opposite 

reaction.
Similarly, the law of conservation of momentum (mass « velocity) and 

law of conservation of energy are of great importance in rubber technology
Simple lever and spring are used extensively in making various 

instruments for measurement of rubber properties.
The application of tension or compression to a coiled spring is used in:



a. Tensile machines
b. Tension set equipment
c. Compression plastometers

d. Creep and compression set equipment.

Tension

Hooke's law states that stress a strain

Compression

Stress

Strain
Hence the deflection of the spring (strain) in figure above is proportional 

to the magnitude of the forces (stress) applied. By fixing a scale to one end 
of the spring and a pointer to the other end it is possible to construct spring 
balances that will operate in tension and compression.

Friction is an interesting phenomenon which helps in finding sewral 
applications for rubber products. In certain cases, e.g., in releasing a p r^uc  
from the mould, the frictional force is to be reduced and a mould lubr w n t 
miqht be necessary. Similarly, a moving rubber wheel must be as smooth as 
poLible so that the development of frictional forces 
This will help in reducing heat build up in the wheel and the wear and tear can
be kept at a minimum.

On the other hand, in making products like brake drums 
shoes design should be such that maximum use of the frictional forces can 
be made t L  outer design on the tyre tread helps a tyre to maintain a strong 
grip on the road surface thus reducing the chance of skid.

Air friction is of great importance and the wind resistance 
with approximately the square of the wind velocity. Thus a car "9 a “
kmph meets a wind resistance 16 times greater than tha met when travelhng 
at 15 kmph or 4 times that a 40 kmph. Similarly, a jetplane 
kmph will meet a wind resistance 400 times that of a car ^  ^
These factors are to be taken into consideration dunng design of the car, 
jetplane or the tyres fitted on them.



T e c h n o lo g y  of R u b b e r and R u b b e r Goods Industries 

imoBCI is another important property. An aeroplane tyre must have
s u f f io iS a o t  resistance soastowithstandthesudden compress,veforces 
a c tin g  on i t  d u r in g  touchdown by the aircraft.

Tear resistance, similarly, is important in products which are 
continuously subjected to tensile forces. V-belts, conveyor belts and similar 
prc“ are usually reinforced by fabrics to increase theirtear resistance.

PROPERTIES OF MATTER
This part of physics is of utmost importance to understand the behaviour 

of rubber materials.
Solid State

Hooke's Law is obeyed by metals over a wide range of stress values. 
This helps in calculating Young's Modulus, yield stress, etc., for a metal 
object The object, designed accordingly can behave consistently and 
constantly for the use so long as the stress value is less than the yield 
stress over a wide range of temperature.

Unfortunately, rubber obeys Hooke's law within a very small limit of 
stress. In practical use, however, the stress is higher. Hence, design of rubber 
component is much more complex.

The law of conservation of momentum states that the total momentum 
before impact is equal to the total momentum after impact. This law does not 
predict the velocities of the two bodies individually after impact. The coefficient 
of restitution (K) or resilience is defined as follows-

Velocity of separation V,
K = ---------------------------------- “   ̂ — 2

Velocity of approach V,

In rubber industry the resilience is calculated in percentage by the use 
of the law of falling bodies and calculating the velocities (V) from the height 
(h) of fall and the rebound height.

V j’  hj
Resilience {%) = 100 K, = 100------^  = 100----- ... 3

V,2 h,

Thus, resilience values for different materials when dropped nn a steel 
plate are glass 95%, steel 90%, rubber 90%, and wood 60%.

Rubber under deformation load extends and when the load is removed 
the rubber tries to come back to the original shape. However, a very little 
permanent deformation remains. This is known as creep. Creep decreases 
with time. If a second load is applied again an additional residual deformation



remains. This shows that rubber has a memory. Therefore, behaviour of a 
rubber sample will be dependent on the previous history of the sample.

The viscoelasticity property of rubber, (or polymer) is of great importance. 
Simply saying, rubber properties are greatly influenced by the temperature 
and time period of action of external force.

Liquid State
The various properties of liquid, such as density, specific gravity, cohesion, 

adhesion, surface tension, viscosity, etc., are of importance in understanding 
the behaviour of rubber

Density is defined as mass per unit volume, e.g., gm/c.c 

Specific gravity is defined as follows -

Weight of a given substance 

^  Weight of an equal volume of water

It is a ratio and hence has no unit (dimensionless).
The S.G. of a rubber compound is of importance as the production 

takes place on volume basis. Thus, at comparable price, if compound A has 
a lower S.G. than compound B, then for the same weight (say 1 kg) A will 
produce larger volume of product than B, making the product cost less. Let 
us suppose two rubber compounds, A and B, are available for cable insulation. 
The relevant data for economic compound can be found out as follows -

A B

Cost, Rs/kg 25.00 22.00
S.G. -I'lS 1-50
Relative volume 25x1,15 22*1,50
cost index =28.75 =33,00
So, though the cost on weight basis of compound B is lower, actually it 

is much costly than compound A for cable application.
The attractive forces between similar molecules is known as cohesive 

force and between different kinds of molecules as adhesive force. '7acK of a 
rubber compound is a manifestation of cohesion. Similarly, the sticking of a 
rubber compound on the metal surface of the mould is due to adhesion. As 
the temperature is increased (as in melting or moulding) the cohesive forces 
decrease and adhesive forces increase. Now, if the adhesive forces have 
become stronger than the cohesive forces, during removal of the m o u ld e d  

article (in hot condition) from the moulded part of it may get term and stick o 
the mould Due to this reason, it is always advisable to reduce the mou d 
temperature before release of the article from the mould, Use of rrouW 
lubricants also help. Similarly, highly polished surface reduces the force of



— s = i « —
to this property, surfa-e in trpps and it aoverns the flow of laiex

..... ..
wetting agent reduces surface tension and is used frequently ,n latex

^'°^^Wscosity is a measure of frictional force between two liquid layersJts 
knowledge is essential as all rubber processing i™olve ^ w  of the rubber 
compound and viscosity governs the nature and rate of flow

Bemoulirs principle predicts that during a fluid flow, the pressure vanes
inversely to the velocity o f  t h e  f l u id .  T h i s  is  o f great im portance in understanding

operation of several rubber processing machines. The following is an example 
with an extruder

Suppose zone A represents the heat and barrel of an extruder, zone B 
the die and zone C the extruded article.

^ L Z > C Z Z Z
Hence, in

Zone A velocity low pressure high
Zone B velocity high pressure low
Zone C velocity low pressure high

During operation, if scorching occurs at any point on the screw insid( 
the barrel of the extruder, velocity decreases and pressure increases. A s : 
consequence, the head or barrel may burst but not the die.

Gaseous State
One of the important properties demanded from rubber articles, sue 

as, tyre tubes, hot water bags, etc., is impermeability to gases. It has to b 
remembered that rubber has generally low permeability to gas. Butyl rubbc 
is superior in this respect and hence finds application as tyre tubes.

Heat
Heat is used in considerable extent during most of the stages of rubb! 

processing. The behaviour of rubber, either in vulcanised or unvulcanise 
state, towards heat is different from those of metals.



Some fundamental concepts of terms are necessary to understand the
e ffect o f heat, .  .

The unit quantify of heat, calorie, is defined as the amount of heat 
necessary to raise one g of water through one degree centigrade.

The specific heat of a substance is the quantity of heat ^ ° ” es) 
required to raise one gm of the substance through one degree cenhgrade.

The heat capacity of any body is the quantity of heat necessary to raise 
the temperature of the body by one degree centigrade.

Heat capacity = Specific heat » Mass 

The coefficier^t of volume expansion “ I ' f  “  1^7 M O ^ner
manv t i m e s  g re a te r t h a n  m etals  (s teel 3 3  « 10 per C , brass  5 7  10  p

"Cl Thus rubber increases in volume during moulding and undergoes
c o n s S l^ s h r r n U e  after cooling,Thisposes^^
of close dimensional tolerances in moulded rubber artifacts.

Thermal conductivity is defined as the amount of 
second through a material of one unit length in thickness so as to raise
te m p e ra tu re  b y  o n e  “C , I t s  unit is cal/cm , sec. $ ,

The themial conductivity of rubber is 50x1Q-^cal/cm. sec. «C and 
heat 0 5. These values are considerably higher than th o ^  °
these reasons heating of rubber is difficult, especially in thick sect̂ ^onŝ  
Special fomiulatlons of rubber compounds are to be ^
of wercure at the face and undercure at the centre of thick articles.

In order to obtain uniform heating and also to shorten moulding cycle 
time, it is customary to preheat mould. However, 
is much more difficult than heating the metal mould. For example

Quantity of heat required to raise the temperature of an iron mould 
(2000 g) from 40° to 140°C

= Mass X specific heat x temperature range 

= 2,000 * 0.107 X 100 

= 21,400 cals.
Quantity of heat required to raise the temperature of mbber (500 g) from 

40°to140°C.
= 500 X 0.510 X 100 
= 25,500 cals.

Hpnre the design of the mould is to be done to ensure quick and even 
heating of the rubber. In injection moulding, as the rubber is prehea , 
obviously the cycle time can be reduced drastically



effect of light is deeply associated with colour. It is very difficult to 
sav what is colour But it is known that white light is a composite colour and 
S n  t e ' l s c L d  into seven different colours. In rubber technology besides 
Wacrseveral colours can be developed by judicious blending of different 
odour p fg ^n ts  or dyes. Also, the brightness of colour can be increased by 
incorporating white pigments, such as, titanium dioxide.

The reason for colour development in organic compounds are assigned 
to chromophoric groups. Some of the important chromophoric groups are -

— N = 0  _ N  = N —
^0

Nitro Nitroso Azo
- N  = N -> 0  - N  = N - N H -

Azoxy Azoamine
C = 0  C = S

Carbonyl Thiocarbonyl

As most of the antioxidants contain chromophoric and colour enhancing 
(auxochrome) groups, they are highly coloured,

Conjugated double bond compounds are usually coloured and the colour 
deepens with the increase in number of conjugation. If double bond is present, 
but either the conjugation is low or the number of double bond is less, then 
the compound is yellow. Due to this reason, most of the diene rubbers (NR, 
SBR. PBR, etc.) are yellowish.

On the other hand, vinyl njbbers having no unsaturation in the structure 
are white in cblour. This EPR. Butyl, hypalon, etc., are white in Colour 
Sound

Sound, a form of wave, is transmitted through gas, liquid or solid and 
the velocity (v) of sound in the medium-

[e

where p is the density of the medium and E the bulk modulus of the 
syaterr The velocity of sound in vanous media in cm/sec is as follows - 

Air 0 33 * 10“
RuOber 0 50 »1Q»



Water 1.43 x10 ‘
Iron 5.60 « 10=
As the velocity of sound in rubber and density of the rubber are known, 

by passing sound wave, the dynamic modulus of the rubber can be determined. 
This method is a good one for determining this property of rubber.

Sound waves pass continuously through a medium. A discontinuity in 
the medium then leads to reduction in the transmission of sound. Thus 
sound in a water piping system can be reduced by putting short lengths of 
rubber tubing inserted at intervals along the system.

When a sound wave reaches a boundary between two media (say air/ 
rubber or air/iron) part of the sound wave is reflected and part transmitted.

The amount of reflection
= density  of the medium * velocity of sound in the medium ... .6
Hence, air will be a very good absorber (amount of reflection lowest), 

but rubber will be much better than iron. This is the reason why rubber is 
used in making sound absorbing systems.

When frequency of vibration of sound wave exceeds 16 K cycles/sec, 
human ear cannot hear that sound. This type of sound waves is called 
ultrasonics- They can be used to detect faults in large rubber articles, e.g 
tyres or belts. Porosity in rubber articles is very difficult to detect and 
ultrasonics have been very useful in detecting the fault. Each small area of 
the article is examined and wherever there is a small air gap, there is a 
reduction in the reflected energy and amplitude of the reflected sound wave 
when compared with the reflections from the surrounding rubber medium.

Electricity
This is a well-known fact that rubber is an insulator (non-conductor) and 

metals are conductor of electricity. It has to be noted here covalent compounds 
(rubber, plastic, ceramic, glass, etc.) cannot transmit electronics and hence 
behave as non-conductors.

There are three important measuring indices of electrical properties for 
aibber

Ohm's law states that current (I) passing through a conductor is 
proportional to the potential difference (V), hence 

V a l
or V = IR  -  ^

The equality constant R is called as resistance. It can be shown that

R  =  p - -  - S

s



where R is the resistance, I is the length of the wire and s is the cross- 
Tect on P is specific resistance or resistivity of the wire. Hence,
S s « v i^  is the resistance of a matenal of 1 cm in length and 1 cm^ in cross- 
section. It is usually expressed in ohm-cm.

Some resistivity values are given below (Table 1) - 
Table 1: Resistivity values o f some substances

Material Resistivity (ohnn-cm)

copper 1.724 M O -
Aluminium 2.828 x 10-=
Graphite 8*10=

Glass 9 x 1 0 "
Natural rubber 1 * 10'®

With increase in temperature, resistivity decreases.
To make a rubber article, specially for cables and other insulation 

application, compounding ingredients are to be carefully chosen so tfiat there 
is no unnecessary reduction in the insulation property of rubber. Thus, 
resistivity of acceleartor MBT is 3300 » 10’“ ohm-cm and that of DPG is 35 « 
10”  ohm-cm. So MBT should be preferred.

Insulating property of rubber can create problems by generating static 
electricity (which may cause explosion or fire) on the surface in such products 
as rubber flooring or tyres. Conducting carbon black or metallic powder fillers 
can be incorporated in the compound thus producing semi-conducting or 
conductiong rubber product.

Inverse square law of electrical forces states that the magnitude of the 
force (F) exerted between two electrical bodies is proportional to the product 
of the two charges (q, and q j  and inversely proportional to the square of the 
distance between them, i.e.,

= .9

where C is the constant dependent on the units in which the quantities are 
expressed and the nature of the medium in which the charged bodies are 
placed. In C.G.S. unit and when the medium is air, C = 1, so that

F -  q.q̂
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The practical unit of charge is a coutomb and is equal to 3 » 10'C.G.S. 
unit of charge.

When the medium is not air, equation (10) tal<es the form, 

where,

The magnitude of the force in air  ̂̂

The magnitude of the force in that medium

This factor K is l^nown as the dielectric constant or the specific inductive 
capac/fy or simply S I C. of that medium.

Some dielectic constant values are given below in Table 2.
Table 2 Dielectric values

Dielectric Dielectric constant

Air 1.0006

Paraffin 2.0-2.3

Dry paper 2.0-2.4

Rubber 2.1 -2.3

Shellac 3.1

Mica 5.7-7.0

Power factor or power loss is a measure of amount of power loss 
(dissipated) in a circuit (transmission) through which alternating current is 
passing.

In choosing a rubber for electrical application are has to keep in mind 
all these three properties which are given below in Table 3.

Table 3 Some physical properties of rubbers

Properties NR SBR Neoprene NBR Butyl

Resistivity (ohm-cm) 10” 10'“ 10'° 10'" 10’“

Dielectric constant 
(50 cycles, 20°C, 
75% RH)

2.8 2.85 8.0 13.4 26

Power loss (50 cycles, 
20°C, 75% RH)

0.0096 0.0022 0.04 0.454 0.0026



Where R is the resistance, i is the length of the wire and s is the cross- 
S  p is called as spec^>c resistance or res.sbvny of me wire. Hence, 

,s the resistance of a material of 1 or, ,n length and 1 cm= in cross- 
secton It is usually expressed in ohm-cm.

Some resistivity values are given below (Table 1) - 
Table 1: Resistivity values o f some substances

Matena) Resistivity {ohm-cm)

^   ̂ 1 7 2 4 x 1 0 ^ '
Aluminium 2.828 * 10^

Graphite 8 » W
Glass 9 X 10«
Natural ojbber 1 x 10'®

With increase in temperature, resistivity decreases.
To make a rubber article, specially for cables and other insulation 

application, compounding ingredients are to be carefully chosen so that there 
is no unnecessary reduction in the insulation property of rubber Thus, 
resistivity of acceleartor MBT is 3300 » 10'“ ohm-cm and that of DPG is 35« 
10'“ ohm-cm. So MBT should be preferred.

Insulating property of rubber can create problems by generating static 
electricity (which may cause explosion or fire) on the surface in such products 
as rubber flooring or tyres. Conducting carbon black or metallic powder fillers 
can be incorporated in the compound thus producing semi-conducting or 
conductiong rubber product.

Inverse square law of electrical forces states that the magnitude of the 
force (F) exerted between two electrical bodies is proportional to the product 
of the two charges (q, and q^) and Inversely proportional to the square of the 
distance between them, i.e.,

F  =  C ^ , - ^ b .  9

where C is the constant dependent on the units in which the quantities are
expressed and the nature of the medium in which the charged bodies are
placed. In C.G.S. unit and when the medium is air, C = 1, so that

^  F  =  M 2
k  ...10



Physical Aspects of Rubber Technology 8 5

The practical unit of charge is a coulomb and isequalto3 « 10’ C.G.S, 
unit of charge.

When the medium is not air, equation (10) tal<es the form,

Where,

The magnitude of the force in air
K= ----------------------------------------------------------- ...12

The magnitude of the force in that medium

This factor K is i<nown as the dielectric constant or the specific inductive 
capac/fy or simply S.I.C. of that medium.

Some dielectic constant values are given below in Table 2.
Table 2 Dielectric values

Dielectric Dielectric constant

Air 1.0006

Paraffin 2.0-2.3

Dry paper 2.0-2.4

Rubber 2.1 -2.3

Shellac 3.1

Mica 5.7-7.0

Power factor or power loss is a measure of amount of power loss 
(dissipated) in a circuit (transmission) through which alternating current is 
passing.

In choosing a rubber for electrical application are has to keep In mind 
all these three properties which are given below in Table 3.

Table 3 Some physical properties of rubbers

Properties NR SBR Neoprene NBR Butyl

Resistivity (ohm-cm) 10” 10« 10™ 10™ 10’»

Dielectric constant 
(50 cycles, 20°C, 
75% RH)

2.8 2.86 8,0 13.4 2,6

Power loss (50 cycles, 
20”C, .75% RH)

0.0096 0.0022 0.04 0,454 0.0026



NUCLEAR PHYSICS
This advanced branch of science is extremely h e ^ u lrn  analysis, 

structural studies and research and development work in the rubber field.
Light is a kind of wave and visible light forms a very small part of the 

whole wave spectrum.

Ganrnna
rays X -rays

U-V
light

Visible
light

Heat rays and 
infra-red rays

-» Wavelength
Arrangement of wave spectrum 

The visible light spectra have a frequency range of 7,000-3,500A. Below 
3,500A is U-V range, followed by still smaller X-rays and gamma rays Above 
7000A is the infra-red spectrum.

A rubber, rubber chemical or for that matter any chemical has its 
characteristics spectra in infra and/or U-V range. These spectroscopic 
techniques can be used to detect or quantitatively estimate presence of, 
say, particular antioxidant in a rubber compound or vinyl content in a rubber, 
l-R and U-V spectra are invaluable as analytical tool.

The wavelength of X-ray being in the range of bond distance between 
two atoms this method can be used to know the length of the repeating unit 
of polymer (or rubber).

Rubber is an amorphous material and an X-ray picture produce a diffused 
halo. On the other hand. Some rubber when stretched crystallises and in 
that stretched condition if an X-ray picture is taken it shows some brighl 
spots (due to crystalline areas) interspersed with halo space (amorphous 
zone). Development of crystallinity leads to increase in strength characteristics 

Natural rubber shows a high tensile strength in gum stocks when 
stretched. This is due to the reason that it crystallises on stretching (as 
evidenced by X-ray picture). Neoprene similarly shows a reasonable gum 
strength for the same reason. On the other hand, X-ray picture does not 
show development of any crystallinity in the case of stretched styrene- 
butadiene rubber Consequently it shows poor gum strength.

Besides these. X-ray is also invaluable in the research field.



styrene Butadiene Rubber (SBR)

COMPOUNDING AND PROCESSING OF SBR

The compounding of styrene butadiene rubtser is similar to ttiat of natural 
rubber and other unsaturated hydrocarbon rubbers. The most convenient and 
effective compounds in large scale usage, such as tyres, are all based on 
fillers, such as carbon black, extending oils; zinc oxide; sulphur; accelerators, 
such as mercaptobenzothiazole; and protective agents, such as antioxidants, 
antiozonants, and waxes. Processing these complex mixture Into smooth 
compounds that can be quickly pressed, sheeted, calendered, or extruded 
is a most Important step for manufacture. Emulsion SBR is the prototype of 
a “g^rieral-purpose" rubber because of its ability to be blended with any other 
su_ch rubber Into compounds that process and cure homogeneously. Thus, it 
IS saiaTb have ■'cure-compafibllity'’' and excellent ■processing" or 
“processability". Besides T̂ , and possible chemical attributes that may be 
important but are poorly understood, the good processing of SBR results 
from Its favourable combination of molecular weight and molecular weight 
distribution and the considerable proportion of long branches in Its molecules. 
The main advantage of solution SBR is that it can be constructed so as to 
have just enough branching and molecular weight distribution for adequate 
processing, while at the same time providing maximised molecular weight for 
rolling resistance and wear.

Compounding recipes with low sulphur or with only organically bound 
sulphur, as In thiazoles, lead to vulcanisates with better ageing but slower 
curing. Zinc stearate, or zinc oxide plus stearic acid, is the most common 
activator for SBR. There are many accelerators that speed up slow-curing 
stocks and retarders that slow down “scorchy" ones. Recipes may also contain 
plasticisers, softeners, tackifiers, and other ingredients that have given evidence 
of solving some compounding problem or other.

Preparation of SBR compounds Is similar to that of the rubbers. The 
ingredients are mixed In Internal mixers or on mills and may then be extruded, 
calendered, moulded, andcured in conventional equipment Mixing procedures 
vary with the compound. In general, the rubber, zinc oxide, antioxidants, and
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Stearic
■ ^ thP carbon black is added in portions with the

-------- acid are mixed, ^  considered a black masterbatch. It
oil. This "non-productive ^  ^ sheet out, and cool the batch. The
may be desirable at ingredients, with the accelerator
next phase -solves m«ing n_^tjh^e°the^r^^^^^^ -productive-, since

T w ' r c S " 'c " r ^ 's 1 n k  irreversibly -  when held for a carefully regulated 

time at a ® 3tocks vary with different companies. Some

compounds may lead to gel formation and poorer extrusions.
Not only does modern styrene-butadiene rubber have extrusion 

properties superior to those of natural rubber, but its stocks have tess 'endenc, 
K c h  in processing. Although cold SBR is often preferable to hot fo
o p tW h y s ic a l properties,hotSBR can be better for both ^
oraduct properties. Hot SBR breaks down more rapidly to a des able 
m olecu lar weight on the mill, develops less heat, and accepts more filler in 
processing. All types of SBR require less sulphur than natural ™bber doe 
for curing. The usual range is about 1.5 to 2.0 parts per h u n d re d  rubber. On 
the other hand, SBR requires more accelerator because of the lower 
unsaturation to achieve the same rate of cure.

Tyre tread-wear and ageing properties are superior to those of natural 
rubber, resistance to abrasion and resistance to crack initiation are better 
Building tack is still poor and dynamic properties are such that heavy-duty 
tyres become too hot in use. Without reinforcing fillers such as carbon black 
or silica, the physical properties of SBR are much inferior to those of natural 
rubber. Similarly, its green strength properties, for example, the tensile strengtn 
of the fully mixed compound before cure, are distinctly inferior to those oi 
natural rubber. This is the principal reason it was necessary to go back to a 
higher proportion of natural rubber in radial tyres, which would otherwise 
deform in transit from the tyre-building machines to the curing presses 

Applications o f SBR
Of all the SBR made, about 75% goes into tyres. The rest goes into 

shoes and other footwear, mechanical goods, sponge and foamed products 
waterproofed materials, hose, belting, adhesives, and other miscellaneous 
uses. Styrene-butadiene lateoes constitute a more or less independent 10% 
of the market, mostly non-tyre. SB lateoes typically have much more styrene 
than SBR and are supplied in latex forni to customers, who use them principally 
in carpet-back coatings. The construction industry Is the next largest user



p r o c e s s in g  a n d  c u r in g  o f  p o ly b u ta d ie n e  a n d
POLYISOPRENE

The processing characteristics of polybutadiene are influenced by the 
polymer microstructure, molecular weight, moiecular-weight distribution, and 
degree of branching. The polymer undergoes mastication, mixing, moulding, 
and curing. A Banbury mixer and a roll-mill are employed for mastication and 
mixing; a calender and extruder, for moluding.

Most polybutadienes are highly resistant to breakdown and have poor 
mill-banding characteristics and rough extrusion appearance compared to 
SBR elastomers. The solution polybutadienes process satisfactorily when 
blended with other elastomers such as SBR. Emulsion polybutadiene
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Fig.1; Manufacture of emulsion styrene-butadiene rubber (SBR)
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processes better than solution polymer but not as well as SBR; it is commonly 
blended with other elastomers for enhanced processing.

Certain chemical peptisers slightly increase breakdown and improve 
processing. A lower Mooney viscosity also improves processing but may 
lead to cold-flov/ problems. In addition, a broad molecular-weight distribution 
and branching both improve milling and extrusion behaviour as compared to 
a linear polymer. Excessively high-molecular-weight polybutadiene tends to 
crumb on the roll mill.

Very-high-c/'s-polybutadiene prepared with a uranium catalyst is reported 
to have greatly improved millability, calenderability, tack, green strength, and 
adhesion to fabric. Such processability would eliminate the need for blending 
with other elastomers. The mill processabilities of polybutadienes comprise 
of variable microstructures and catalysts are presented in Table 2. The 
processability improves with increasing cis-content.

Curing and compounding recipes depend upon the choice of the 
individual manufacturer. Polybutadienes are cured employing conventional 
sulphur recipes or peroxide systems. Normally, the polymer is blended with 
another elastomer, then mixed with filler (HAF, ISAF blacks, for example); 
typically an aromatic processing oil, wax, antioxidant, antiozonant; and curing 
ingredients at a later stage. For curing, thiazoles and sulphenamides are 
generally employed alone or in combination with secondary accelerators. 
Cure rates are close to SBR using similar loads of sulphur.

Typical vulcanisate properties are given in Table 3.
Table 3: Poly(butadiene) vulcanisate properties

300% modulus, kg/cm^ 70.0
Tensile strength, kg/cm^ 165.0
Elongation, % 540.0
Shore A hardness 59.0
Tear strength, die C, kg/cm' 50.3

SBR blended with ds-polybutadiene has significantly improved abrasion 
resistance and tear resistance, but the skid resistance is slightly decreased. 
The SBR/medium vinyl polybutadiene blend has enhanced blow-out resistance, 
improved abrasion and decreased skid resistance. Elastomers with high 
mobility and low glass-transition temperatures have high elasticity, very good 
abrasion, and poor skid, and vice versa.
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c o m p o u rt^  pfemaslicabon in 8ie presefice o f pepbsers fo;
S ‘tt^ ^S ^a tio n S co m p o u rK i,n g  ingred.ents. Green strength (cohes.ve 

requirement in fabncat»n appl>«t»ns 'nvol.-ng ^  
^ 3  V e  buW'og) Natural rubber possesses the h^hest green strength 
^  f  , S c  p^isoprenes have low green strength, and L, poty.wprenes 
h J e S S to r ^ ^ n ^ n g th a f te rp ro c e s s ir ^  Chemicaladdrtives, however 
^  t i ^ t o ^ e t h e g r e e n  strength of A!-Tr. poiyisoprenes. thus allo^ns 
it to be used as a replacement for natural rubt>er in tyres.

The cured properties of c/s-1,4-polyisoprene vulcan.sate are in genera 
stmter to those for natural rubber Both show high gum tensile strength go^ 
mechanical strength in filled compounds, high resilience and low heat build­
up in related applications.

MANUFACTURE AND PROCESSING OF EPDM 

Manufacture
Unlike the development of SBR, EPDM was developed independently 

by different manufacturers. Not only the process of manufacture (solution vs 
slurry) but also the termonomer and catalyst systems employed can van; 
considerably. These factors, as has already been mentioned, can affeci 
molecular weight distribution, branching, and cure rate. As a consequence^ 
EPDMs from various suppliers possessing similar composition (E/P) and 
Mooney viscosity may possess considerably different rheological and curing 
properties.

EPDM’s polymers are employed in a wide of applications and processes 
In order to maintain competitiveness, each of the suppliers has developed 
polymers employing their own technical expertise. As a consequence, the 
number of varieties of EPM and EPDM has grown considerably Before 
employing a particular EPDM, it would be advantageous to become familia' 
with the literature from the various suppliers.



Processing
Conventional rubber equipment is used for the processing of EPDM 

compounds. Selection of the polymer or blend of polymers is an essential 
consideration in order to obtain optium processability.

Mixing
Mixing usually is accomplished with an internal mixer, such as a 

Banbury mixer. In some instances, it may be desirable or necessa^ to use 
the mill mixing process. For practical mill mixing, the low-viscosity and higher- 
ethylene polymers are considered too difficult. Furthermore, compounds based 
on these polymers typically contain such high amounts of filler and oil that 
mill mixing is usually impractical from this standpoint alone.

Although all types of EPDM are suitable for the internal mixer, no single 
mixing procedure is satisfactory for all compounds. The variety of 
the range of compound qualities (vi/hich affect choice of filler type), and the 
condition of the particular mixer are some of the factors that influence the 
mixing technique.

The most procedure is to load the ingredients in "one sho t, and so 
forth Depending upon the particular machine (its mechanical condition, speed, 
etc.) mixing cycles can range from 3 to 7 minutes. Using this kind of procedure, 
the batch is usually dumped when the temperature reaches 115 Q. to i  ju  u  
This procedure may be limited to compounds that are based on mediuni and 
low-e%lene polymers loaded with mineral fillers and/or semi-reinforcing types 
of carbon blacl^ (SRF, GPF, FEF).

For compounds utilising high-ethylene or very-high-molecular-weight 
EPDM polymers and for compounds containing reinforcing carbon blacks 
(HAF ISAF) the “one-shot" or "upside-down" loading procedure ô ften results 
in poor dispersion of black or rubber or both. These polymers and blacks will 
u!=ually not disperse well if processing oil is added early in the mreing cycle^ 
Belter dispersion is attained by an incremental procedure in which rubber 
and part of the black are loaded into the mixer with little or no oil. The withheld 
black and oil may then be added in one, two, or more increments.

If allowable form the standpoint of providing required properties, an easy- 
to-disperse softer black or higher-structure black, should be used in 
combination with the more difficult-to-disperse, highly reinforcing Wack Jhen 
the easy-to-diverse black can be added with the Pla^ticiser as the second 
increment in the mixing procedure. The high ethylene EPDMs shouW be 
stored under warm warehouse conditions to minimise dispersion problems.

OthervariaBons in mixing procedures are 
a modified “upside-down" technique in which part of the 
added on top of fillers and platicisers provides rapid mixing and 
This procedure may also be further modified by withholding part of the oil,
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men added incrementally. In addition, two-stage mixing is frequently
: ; ^ p t y ^ e n  better dispers.on or batch-to-batch consistency iS needed

Extrusion
The selection of polymer is a pnme consideration if the EPDM compound 

is to te  usedTor extrusion p r o c e ^ .  The high-eth^ene types are most
usefu^orthis^ScesstecauiiWovy^^^^
retention Tn a « io n , some green s-ffef^th seems necessary for good feeding 
inTo the extruder; in fact, lack of green strength in the uncured compound is 
usually associated with poor feeding characteristics. If compounds do not 
easily, and if feed is erratic, surging of the extrudate results in its Size vailing. 
Hence a well-designed extrusion compound should contain enough high- 
ethytene polymer to provide the desired processing behaviour Since excessive 
green strength (tough compound) is a possibility, one of the lower ethylene 
types of EPDM should be part of the polymer blend to avoid it.

A wide variety of extrusion equipment is to be found. Most of the older 
extruders still in use are the short-barrel, hot-feed type, and for these the 
stock must usually be “warmed" on a mill and then fed to the extruder. This 
process, therefore, requires a compound that is reasonably easy to band on 
the warm-up mill. Excessive green strength and/or high compound viscosity 
will cause difficulty in banding and may also cause bagging. Thee results 
may be avoided by using a lower-ethylene and/or lower-viscositv polymer 
blended with the high-ethylene type in the compound.

In general, the newer cold feed extaider is preferred Not only does it 
obviate the need for a wanm-up mill, it also provides better control of processing 
conditions so that more uniform extrudates are obtained. For most compounds, 
the extruder screw should be operated at a higher temperature than the 
ban'el Conditions should tie adjusted to provkJe a smooth surface and optimum 
rate of extrusion. In general, extrusion temperature conditions are somewhat 
higher for EPDM compounds than for other types of rubber compounds. 
Moulding

MouWed rubber parts are made by either a compression, transfer, or 
injection process, for all of which polymers having medium to high propylene 
are usually preferred. In applications involving highly extended compounds, 
however it may t>e desirable to use a high-ethylene polymer, either exclusively 
or in part, to take advantage of its greater extendability. The prime consideration 
is good flow characteristics, and polymer selection should be made 
accordingly

EPDM compounds have proved to be particularly suitable for injection 
moulding When properly compounded, EPDM provides a fast cure rate and 
good flow and is not prone to reversion at the high curing temperatures common 
to this process Compounding considerations for injection moulding are not



appreciably different from those for compression or transfer moiiWing The 
curing system is usually the point of most concern and the plasticiser should 
be selected for low volatility at the processing temperature.

Calendering
The EPDM polymer selected for calendering should be in the medium- 

to-high propylene range. If the compound is to be lightly loaded, the lowest- 
viscosity, highest-propylene type is most suitable. Also, a polymer with broad 
molecular-weight distribution andTnedium-to-high propylene content is a better 
choice. For medium to highly loaded compounds, the higher-viscosity types 
are required. The desirable processing is also often attained by a proper 
selection of two types of EPDM polymers.

ELEMENTS OF COMPOUNDING EPDM 
Curing System for EPDM

Substitution of one EPDM with another in an existing formulation without 
changing the cure system, the rate of cure and the properties will ^most 
certainly not be the same, particularly if the two polymers utilise different 
third monomers. The properties also can be affected by differences in molecular 
weight and other variations in polymer composition. In general, polymers 
with DCPD or 1,4 HD will require somewhat more active accelerators and/or 
higher levels to provide satisfactory cure rates.

As already mentioned, EPDM has pendant unsaturation that allows 
sulphur vulcanisation. Like most other synthetic rubbers, common 
accelerators may be used. Since the particular combination selected depends 
upon many considerations - such as processing methods, the properties 
desired, cost, and compatibility - few generalisations are 
however the cure system will contain a thiazole accelerator (MBT ^BTS or 
the like) in combination with a thiuram and/or a dithiocarbamate. Sulphur 
donor-type accelerators may replace elemental sulphur, if heat resistance 
and/or compression set requirements are severe. For som e m o y l^ - ,30fids 
applications, acceleratoj.AlaoTO m ay_.l3e,gnacc^le . To assure a n^n- 
bl00mina_cqmE0und,'it is necessary to maintain the levels of the various 
cK ern ic^be low  their solubility limits,

' MBT MBTS, CBS, ZMBT ZDBDP 3-OP‘i''

ZDBDC, DTDM ^ °
,ZDEDC,ZDMDC,TDEDC,TMTD 0-8 phr

I DPTT, TMTM, TETD, FDMDC °  8 phr
l i t  has lonq been known that low sulpmjr or sulphur donor cui:e systems 

give good heat resistance and i m p r o v e d  cornfiLession set By using a cure 
s y l t S n ^ l ^ p T T r f i a z o l e T M B T ,  MBTS, or CBS) in com^bi^ton 
with a thiuram and a d1thto"carbamate and a le v e l  of sulphur below one part, it



whch is men added inaementaliy. In addition, two-stage mixing is frequ^tly 
“ e ^ e n  t,ettar dispersion or batch-to-batch consistency ,s needed

Extrusion
The selection of polymer Is a pnme consideration if the EPDf^ compound 

IS to be used for extrusion processing. The W g h ^ th ^ e  types are most 
useful for th is ^ e s s  because they pravjde gooi^reen strength for shape 
retention in addition: some green strength seems necessary for good feeding 
iHTo the extruder; in fact, lacl< of green strength in the uncured compound is 
usually associated with poor feeding characteristics. If compounds do not 
easily, and if feed is erratic, surging of the extrudate results in its size varying. 
Hence a well-designed extrusion compound should contain enough high- 
ethylene polymer to provide the desired processing behaviour Since excessive 
green strength (tough compound) is a possibility, one of the lower ethylene 
types of EPDM should be part of the polymer blend to avoid it.

A wide variety of extrusion equipment is to be found. Most of the older 
extaiders still in use are the short-barrel, hot-feed type, and for these the 
stock must usually be “warmed” on a mill and then fed to the extruder. This 
process, therefore, requires a compound that is reasonably easy to band on 
the wann-up mill. Excessive green strength and/or high compound viscosity 
will cause difficulty in banding and may also cause bagging. Thee results 
may be avoided by using a lower-ethylene and/or lower-viscositv polymer 
blended with the high-ethylene type in the compound.

In general, the newer cold feed extruder is preferred. Not only does it 
obviate the need for a warm-up mill, it also provides better control of processing 
conditions so that more unifonn extrudates are obtained. For most compounds, 
the extruder screw should be operated at a higher temperature than the 
ban̂ el. Conditions should be adjusted to provide a smooth surface and optimum 
rate of extrusion. In general, extrusion temperature conditions are somewhat 
higher for EPDM compounds than for other types of rubber compounds. 
Moulding

Moulded rubber parts are made by either a compression, transfer, or 
injection process, for all of which polymers having medium to high propylene 
are usually preferred. In applications involving highly extended compounds, 
however, it may t>e desirable to use a high-ethylene polymer, either exclusively 
or in part, to take advantage of its greater extendability. The prime consideration 
is good flow characteristics, and polymer selection should be made 
accordingly.

EPDM compounds have proved to be particularly suitable for injection 
moulding. When properly compounded, EPDM provides a fast cure rate and 
good flow and is not prone to reversion at the high curing temperatures common
0 this process. Com ^unding considerations for injection moulding are not



appreciably different from those for compression or transfer moiilding^ The 
curing system is usually the point of most concern and the plasticiser should 
be selected for low volatility at the processing temperature.

Calendering
The EPDIW polymer selected for calendering should be in the medium- 

to-high propylene range. If the compound is to be lightly loaded, the lowest- 
viscosity, highest-propylene type is most suitable. Also, a polymer with broad 
molecular-weight distribution and-medium-to-high propylene content is a better 
choice. For medium to highly loaded compounds, the higher-viscosity types 
are required. The desirable processing is also often attained by a proper 
selection of two types of EPDM polymers.

ELEMENTS OF COMPOUNDING EPDM 

Curing System for EPDM
Substitution of one EPDM with another in an existing fomiulation without 

changing the cure system, the rate of cure and the properties will almost 
certainly not be the same, particularly if the two polymers utilise different 
third monomers. The properties also can be affected by differences in molecular 
weight and other variations in polymer composition. In general, polymers 
with DCPD or 1,4 HD will require somewhat more active accelerators and/or 
higher levels to provide satisfactory cure rates.

As already mentioned, EPDM has pendant unsaturation that allows 
sulphur vulcanisation. Like most other synthetic rubbers, common 
accelerators may be used. Since the particular combination selected depends 
upon many considerations - such as processing methods, the properties 
desired cost, and compatibility - few generalisations are possible. Usi^lly, 
however, the cure system will contain a thiazole accelerator (MBT MBTS. or 
the like) in combination with a thiuram and/or a dithiocarbamate. Sulphur 
donor-type accelerators may replace elemental sulphur, if heat resistance 
and/or compression set requirements are severe. For some mguldeiaaQds 
applications, aocelerator„.lllaom, m_ay_be.unaccgE.table. To assure a n^rv 
blooming compound, it is necessary to maintain the levels of the various 
chemicais below their solubility limits.

MBT, MBTS, CBS, ZMBT ZDBDP 3-0 Phr

ZDBDC,DTDM
; ZDEDC, ZDMDC, TDEDC, TMTD 0.8 phr
I DPTT, TMTM, TETD, FDMDC 0.8 phr
\  It has long been known that low sulphur or sulpbut d.onPr cure systems 

give good heat resistance and i m p r o v e d  cqmpiessjon set. By using a cure 
s y l S m ^ - p R T O f ^ ^ l i l M B T ,  MBTS, or_CBS) in com_binaton 
with a thiuram and a dithiocarbamate and a lev^o f si^phur below ( ^ e p ^ .



* *  . . heat resistance. For exposure temperatures
IS possible to obtairi ® , sf,og|d be added to enhance the heat
alTOve 150"C. a sulphur-donor, low-sulphur system that
resistance of this systery. A compression set than that obtainetl
provides good hea 3-phr levels of a thiuram, of

cure systems that b typically longer and take place at

A X lo ^ rb a m a te  ma^ be added if an increased cure rate is desired. 

Reinforcement
Uke other non-crystallising polyers. EPDI^ requires reinforcennent to 

be of practical value since the mechanical properties of the unfilled rubber are 
quite poor. Carbon black is the most useful material for this reinforcement, 
but silica, clay talc and some other mineral fillers may also be used. To 
attain their full effectiveness as reinforcing agents in EPDM rubbers, carbon 
black and other fillers must be well dispersed. High tensile strength, good 
tear resistance, and improved abrasion resistance are usually associated 
with good reinforcement. Well-mixed batches also provide better and more 
uniform processing for extrusion, calendering, moulding, and so forth.

Plasticisere and Processing Aids
Naphthenic oils have been the most widely used plasticisers for EPDM 

compounds because they provide the best compatibility at reasonable cost 
For applications at higher temperatures or in coloured compounds, paraffinic 
oils are usually chosen because of their lower volatility and improved UV 
stability. Some paraffinic oils tend to bleed from cured, high-ethylene EPDM 
compounds. If such oils are to be used, it is usually advisable to replace part 
(20-25-phr) of the high-ethylene rubber with one having somewhat lower 
ethylene content.

Aromatic oils have an adverse effect on some compound properties 
and, of course, must not be used in conjunction with peroxide curing systems 

Stearic acid, zinc stearate, or other internal lubricants are often included 
in a compound to aid processing.

EPDM compounds are inherently not tacky Should there be a need for 
building tacks, it would be necessary to add a tackifier to the compound. 
Some care must be taken in making the selection because of compatibility 
problems and the effects on cure rate of tackifiers with excessive unsaturates. 
Some tackifiers have been developed specifically for EPDt\/l.
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COMPOUNDING EPDM FOR VARIOUS APPLICATIONS
The inherent properties of EPDM polymers have led to their use in a 

considerable variety of applications. Some of uses a ^
formulations to illustrate concepts in compound development for specitic 
applications are discussed below.

Sheeting
Rubber sheeting has been used for some years inroofing, but in rather 

limited quantities because of its cost compared to that of f  
situation has changed dramatically, and the economics for EPDM sheet ng 
are now much more favourable. The formulation suggested for this 
fs based on a polymer that offers good physical properties at fairly h^h 
extension, good green strength, and good calendenng. The 
designed to provide good processability and reinforcement to meet the r^uired 
tensile and tear strength properties. Because of long-term ageing “ ndrtions 
a less volatile, paraffinic oil and a sulphur donor, low-sulphur cure systems 
are employed. Since the application involves making 
field the cured compound, to facilitate adhesion, is non-blooming. Test data
show the characteristics of green strength, P^^rm anV rin
heat water and ozone resistance that are required for good Perf^^ance 
roof sheeting applications. For a typical sheeting recipe see Table 2.

Automotive Hose
Generally EPDM polymers are used in the manufacture °f 

hoses because they offer good physical properties. Typical recipe of hose
radiator is given in Table 3.

Wire and Cable

ageing.
Sponge R ubber Products * ■«,

MISCELLANEOUS EPM/EPDM APPLICATIONS it

EPM/EPDM was originally considered ^  The only
has found extensive penetrated is automotive tyres.



Table 2: Typical recipe for sheeting

Ingredients

EPDM A 100.00

N-347 black 120.00

Talc 30.00

Paraffinic oil type 104B 95.00

Zinc oxide 5.00

Stearic acid 1.00

MBTS 2.20

TMTD 0.65

IhIU 0.65

Sulphur 0,75

355.25

Mooney viscosity,.
ML-4@100'C 53.0

Mooney scorch
MSR-135°C, min 16.0

Rheometer 150°C, 1° arc,
1.7 Hz, micro-die
Torque, min. 0.6
(N.m)max. 2.6
Time, ts' 5.0
(min) tCj„ 10.3

27.0

Some areas outside typical rubber applications in which EPM/EPDM 
has found usefulness in significant quantities are viscosity index impoves for 
lubricating oils, impact modifiers for polyolefins, and thermoplastic elastomers, 
The latter materials are primarily blends with polyolefins where the elastomef 
is the major constituent.
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Table 3; Radiator hose compound

Ingredients

EPDM B 105.0

EPDM A 25.0

Zinc oxide 3.0

N-650 black 130.0

N-762 black 95.0

Ground whiting 40.0

High-viscosity, paraffinic oil type 104B 130.0

Stearic acid 1.0

TMTD 3.0

DTDM 2.0

ZDBDC 2.0

ZDMDC 2.0

Sulphur
538.5

Table 4: Recipe for continuous extruded closed-cell automotive sponge

Ingredients

EPDM E 100.0

Catalpo clay 50.0

N-762 black 75.0

N-550 black 15.00

York whiting 30.0

Zinc oxide 3.0

Stearic acid 1.0

CircoscI 4240 65.0

BIK 1.0

CELOGENAZ-130 8.0
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100 _______________________

Ingredients___________________ _____ _ _ ---------------^

MBT ^0
TDEDC 2 0
ZDBDC 2 0

2.0
Sulphur _____

367.0

Recom mended continuous curing conditions

Precure-3 min. @310°F 
3 min @ 390'F

19 6Expanded density; Ib/cu ft 
kg/m^

Water absorption, % change in weight 0-3
25% compression deflection - psi 10-^

KPa

As with most polymers, EPM/EPDM polymers also lend themselves to 
chemical modification. Significant work has been done with halogenation; 
however, no commercialisation has yet resulted. A significant new application 
now developing involves the production of various grafts on the polymer, opening 
the way for the modification of many other plastics such as polystyrene, poly 
(acrylonitrile-costyrene), nylon, etc., where improved ageing and weathering 
are desired.

Table 5 Typical formulation for an EPDM insulation compound (90'C|

The EPDM insulation compound has excellent physical, ageing, and electrical 
properties and meets the requirements of UL 44-RHW and RHH. IPCEA 3.13 
and 3.16 and ASTM D 1523 and D 1679 specifications. Data is from a No. W 
solid tineed copper conductor with 0.047-in, insulation cured 60 sec at 250 
psi steam in a CV unit.

EPDMF 100 Burgess KE 60
zinc oxide 5 Sunpar2280 15
NAUGARD@Q 1 SartomerSR350 2



Red lead 5 Dicup40%
Unaged

Tensile strength, psi 
Elongation, %
M200%, psi 
UL set, %

14 days air oven, 121“C-% retained 

Tensile strength 
Elongation

21 days air oven, 121°C-% retained

Tensile strength 
Elongation

1430
295
940

6

106%
95

91

Electrical properties

75°C Water 
Power factor

90"C Water 
Power factor

Sic 40VM 80V/M Sic 40V/M 80V/M

1 day 2.68 1.28 1.36 2.67 1.58 1,64

7 days 2.69 0.97 1.08 2.69 0.94 1,04

14 days 2.71 0.83 0.93 2.71 0.82 0,89

1 month 2.72 0.68 0.77 2.74 0.82 0.91

2 nnonths 2.76 0.67 0.74 2.80 1.05 1.12

3 months 2.79 0.73 0.81 2.87 1.15 1.23

4 months 2.81 0.67 0.80 2.92 1.15 1.22

5 months 2.84 0.61 0.78 2.96 1,14 1,23

6 months 2.87 0.72 0.81 2.98 1,10 1,19

7 months 2.89 0.76 0.78 3.00 1.06 1.13

8 months 2.90 0.79 0.85 2.98 0,96 1.03

1
' !; ri A



Butyl and Halobutyl Rubbers

INTRODUCTION
Butvl rubber is commercialy produced by oationically copolymensing 

isobu J  ene 1  small amounts of isoprene. The halogen denvatoes^chlora 
and bromo- have been commercially available since then. The concept ol 
h S e n a fc n  to provide more active functionality to the butyl -T>°tecule^Tta 
work emphasised the attributes of the brominated f  
commercialised a brominated butyl and prepared from a bulk'bath 
halogenation, butv^ithdrew later In this same period, Exxon Researchers 
originated the chlorobutyl product concept. The hatogenated denva'ives of 
butyl rubber provide greater vulcanisation-flexibility and enhanced cure 
compatibility vwth other, more unsaturated general-purpose elastomers. 
polymers are among the most vwdely used synthetic elastomers in the world, 
rankirvg third in total synthetic elastomers consumed.

Butyl rubber is a copolymer of isobutylene (97%) and isoprenff (3%), 
polymerised below -95°C, with aluminium chloride catalyst. It has good 
abrasion resistance, excellent impermeability of gases, resistance to oil and 
greases. It is used in tyre car cases,and linings, electrical wire, steam hose 
and other mechanical rubber goods.

H jC = C

C H , C H j

CH2C =  C — C H  = C H 2

isobutene 2-methyl prop-l-ene

The monomers are polymerised in solvents such as methyl chloride 
and at low temperature (-80“C) using Friedel Crafts catalysts such as 
aluminium chloride or barium chloride as mentioned above.

MANUFACTURE OF BUTYL RUBBER

A schematic diagram of a typical butyl plant is shown in Figure 1 The 
feed, which is a 25% solution of isobutylene (97-98%) and isoprene {2-3%)



in methyl chloride, which is the diluent, is cooled to -100°C in a feed tank. At 
the same time, aluminium chloride is also being dissolved in methyl chloride. 
Both of these streams are then continuously injected into the reactor, Because 
the reaction is exothermic and is practically instantaneous, cooling is very 
important. To remove the heat of reaction, liquid ethylene is boiled continuously 
through the reactor cooling coils, keeping the reaction at -100°C. As the 
polymerisation proceeds, a slurry of very small particles is formed in the 
reactor. This sluriy overflovre into a flash dmm that contains copious quantities 
of hot water. Here the mixuture is vigorously agitated, during which time the 
diluent and unreacted hydrocartrons are flashed off overhead.

purified
isobutylcne

DUutej^le

I  Purge isobutylcaa ind isoprenc

Caulyst
solvent

Cstalyst
preparation

Catalyst
cbillmg

Sturt

Isoprcnc

Feed
blend

1 Feed 1 .
chilUng Rwctioii -

Recycle gas 
oompydiying

water
slurrmg

Return water

Water alurry to fmishing

Extrusion
drying

Bjdins
packaging

►To warehouse

Fig. 1: Basic components of butyl-rubber process

At this point, an antioxidant and zinc stearate are introduced into the 
polymer The antioxidant is added to prevent breakdown of the polymer in the 
subsequent finishing section. Zinc stearate is added to prevent the 
agglomeration or sticking together, of the wet crumb. The slurry is then vacuum- 
stripped of residual hydrocarbons.

In the finishing operation, the butyl-rubber slurry is dewatered in a series 
of extruders to bring the water content to 5-10% in the rubber. Final drying is 
accomplished in a third extruder by allowing the compressed polymer mert 
to expand through a die to form an exploded crumb. The crumb is air conveyed 
to an enclosed fluidised bed conveyor, where water vapour is removed and 
the crumb is cooled and baled.



p r o p e r t i e s  O F BUTYL RUBBER

Physical Properties rubbers are copolymers of isobutylene and

which n „  ^ould equal 98, and m would equal 2. In
of isoprena Thus in m  ^  ^ ^  ^

s r s j s :  “ o“ % p o i « ™  I t »•  <»■« 'o ” - ” " '
unsaturafed.

CH,H
I I 

c = c  
I I

C H ,H

H C H , H

I I Ic = c - c = c  
I ' '
H H H

CHjH

C-
I 1
CHjH

- i .

CH,H
I I

H

-C —c = c —c -
I I I

H H H

Fig. 2 Butyl physical properties

Figure 3 is an attempt to place the unsaturation of butyl and natural 
rubber on a special basis. For example, a butyl rubber with 1 mole % of 
unsaturation would have a molecular weight between points of unsaturation 
of well over 5000. Natural rubber, on the other hand, has a molecular weight 
between points of unsaturation of only 68. This is the molecular weight of an
isoprene molecule.

^l^saturation is determined by an iodine absorption tenchique or by 
ozone degradation of the polymer followed by subsequent viscosity 
measurements of the degraded fragments, or, more recently, by nuclear 

magnetic resonance (NMR). ̂ ,
The isoprene unit enters the chain randomly in a trans-^ ,4 configuration, 

since chemical analysis shows little evidence for 1,2 and 3,4 modes of entry 
at the unsaturation levels present incommercial grades of butyLThe above 
three isomer forms for the isoprene unit in the polymer are given in  F ig u re  “I.

The discovery and development of butyl rubber not only furnished rubber 
technology with a new elastomer, but, as mentioned earlier, it also provided a



new principle T h i s  the c o n c e p t  of tow functionality. A  low functtonality elastomer 
has sufficient chemical unsaturation so that flexible low-modulus vulcanised 
networks can be produced, but the larger inert portions of the chain constribute 
towards oxidation and ozone resistance. Today the concept of low functionality 
is well-established. For example, vulcanisable ethylene-propylene terpolymers 
(EPDM) now extends the family of low-functionality elastomers.

„  CH, H H CH,H CH, .. H CH, H CH3H CH^ H 

i  H  H  H  C H jH  C H j '  H  C H , H  C H jH  H H

_ _ _ ----------------------M ol. W t. 5000-------------------------------- -----

Butyl rubber

T  I T i "  I  i
Natural rubber

Fig. 3: Unsaturation o f butyl and natural rubber on special basis

C H ,

CH =  C H j C — C H j

1,2

C H ,

3,4
/ram-1,4

Fig. 4 Three isomer forms of isoprene
This polymer is used primarily in coatings and sealants *

aqueous dispersion of butyl (55-65% solids) utilising an anionic emulsifier is 
also available. The latex is also used in adhesives and coatings, 

Butyl-rubber Properties, Vulcanisastion, and Applications
The molecular charactristics o f low levels of unsaturdtion " n  long 

segments of polyisobutylene produce unique elastomenc 
application in a wide variety of firiished rubber articles. These special properties

can be listed as -



i. Low rates of gas permeability

ii. Thermal stability
iii Ozone and weathering resistance
w Vibration damping and higher coefficients of friction

V Chemical and moisture resistance.
The more ohemicailxirieil nature of butyl nibber is reflected in the lack 

of significant molecular-weight breakdown during processing This allows one 
to perfom i apefetrons such as heat treatment or high-termperature mixing to 
alter the vulcanisate characteristics of compound. With carbon black- 
containing compounds, hot mixing techniques promote pigment-polymer 
interaction, wtiich alters the stress-strain behaviour of a vulcanisate The 
shape of the stress-strain curve of the vulcanisate from a heat-treated mixture 
IS a reflection of a more elastic networi(, and heat treatment has resulted in 
more flexible vulcanised compounds for a given level of a carbon black type. 
More flexible butyl-aibber compositions have also been prepared virith certain 
types of mineral fillers such as reinforcing clays, talcs, and silteas that contain 
appropriately placed OH groups in the lattice.

The heat treatment of filler-butyl rubber masterbatches can be 
accomplished at 300-350°F for 5 minutes in a Banbury mixer with the aid of 
promoters (for example p-quinone dioxime). In genral, the processing of butyl 
rubber follows accepted factory operations. Banbury mixing in conventional 
formulations requires no longer times than with other natural and synthetic 
elastomers. Of course, there is no premasticating operation to produce a 
degree of molecular-weight breakdown, as in the case of natural rubber, but 
prewarming of the butyl rubber prior to mixing reduces mixing times 
Gas Permeability

The pemneability.of elastomeric films to the passage of gas is a function 
of the diffusion of gas molecules through the membrane and the solubility of 
the gas in the elastomer The polyisobutylene portion of the butyl molecule 
provides a low degree of permeability to gases and is a familiar property, 
leading to an almost exclusive use in inner tubes. For example, the air 
permeability, at 65”C, of SBR is about 80% that of natural rubber, while butyl 
shows only 10% permeability on the same scale. The difference in air retention 
t>etween a natural-rubber and a butyl inner tube can be demonstrated by data 
from controlled road tests on cars driven 60 mph for 100 miles per day 
Under these conditions, it is shown (Table 1) that butyl is at least 8 times 
better than natural rubber in air retention. Other gases such as helium, 
hydrogen, nitrogen, and carbon dioxide are also well retained by a butyl 
bladder membrane. While the significance of these properties in inner tubes 
is waning, it is of importance in air barriers for tubeless tyres, air cushions.



pneumatic springs, accumulator bags, air bellows, and the like. A typical 
formulation for a butyl-rubber passenger-tyre inner tube is given in Table 2. 

Table 1 : Air loss of Inner tubes during driving tests

Original
inner tube Pressure (pusi)

Air pressure loss (psi)

Natural rubber 28 4,0 8.0 16.5
Butyl 28 0.5 1.0 2.0

Thermal Stability
Butyl-rubber sulptiur vulcanisates tend to soften during prolonged 

exposure to elPvated temperatures of 300-400°F. Ttiis deficiency is largely 
ttie result of the sulphur cross-link, coupled with low polymeric unsaturation 
which allows no compensating oxidative (cross-linking) hardening. However, 
certain cross-linking systems, and specifically the resin cure of butyl, provide 
vulcanised networks of outstanding heat resistance. The has found widespread 
use in the expandable bladders of automatic tyre-curing presses.

Table 2 ; Composition, butyul inner tube

Exxon butyl 268 100.0
GPF carbon black 70.0

Paraffinic process oil 25.0

Zinc oxide 5.0

Sulphur 2-0

TMTDS' 1.0
MBT' 0.5

Cure range 5' at SSO’ F—8' 330*F

a TMTDS = Tetramethyi thiuram disuiphide, 
b IMBT = Mercaptobenzottiiazole

Two tyre-curing bladder formulations are given in Table 3. In compound 
1, the neoprene serves as a halogen-containing activator, while compound 2 
uses a partially brominated resin that does not require an external source of 
halogen, Butyl-rubber tyre-curing bladders have a life of 300-700 curing at 
steam temperatures of 350“F or higher for approximately 20 minutes per 
cycle. Other applications would be conveyor belting for hot-materials handling, 
and high-temperature service hoses.



: compounds, tyra-curing bladers
3 : I

1 2

Exxon butyi 268
100

5

100

Neoprene GN 50 50

HAF carbon black 5 5

Process oii 5 5

Z inc oxide
Reacitve phenol formaldehyde resin 

Rrominated phenol formaidehyde resin

10

10

Ozone and Wathering Resistance
The low level of chemical unsaturation in the polymer chain produces

in electrical insulation, and for weather resistance, as in ™bber sheetir^g fm 
roofs and water management application, the least unsaturated bu^l 
advantageously used. A typical butyl-rubber sheeting compound is given ir
Table 4.

The ozone resistance of butyl rubber coupled With the moisture resistana 
of its essentially saturated hydrocarbon structure finds utility as a ^g h  qualit 
electrical insulation. A cable-insulation formulation for use upto 50 KV employ 
the lowest unsaturated butyl and the p-quinone dioxime (GMF) cure system, 
as shown in Table 5.
Vibration Damping

The viscoelastic properties of butyl rubber are a reflection of the molecul: 
structure of the polyisobutylene chain. This molecular chain with two meth 
side groups on every other chain carbon atom possesses greater delay: 
elastic response to deformation. The damping and absorption of shock ha' 
found wide application in automotive suspension bumpers. An elastom 
with higher damping characteristics also restricts vibrational force transmissi' 
in the region of resonant frequencies. Transmisslbility is the ratio of outf 
force to input force under impressed oscillatory motion.



B u ty l a n d  H a lo b u ty l R u b b e rs

Table 4 : Butyl sheeting compound

Exxon butyl 065 

HAF carbon black 

SRF carbon black 

Zinc oxide 

Petrolalum 

Wax 
Sulphur 

TDEDC*

ZDMDO>

100.0

48.0

24.0

5.0

3.0

4.0

1.0 

0 5  

0.5 

1.5

»TDEDC = Tellurium dlethyWithiocarbamate.

"ZDMDC = Zinc dimethyldithiocarbamate.

"MBT = Mercaptobenzothiazole.
Table 5 : C b le-insulation form u la tion

Exxon butyl 065 100

Zinc oxide 5

Calcined clay 100

5 Masterbatch-mixed
PbjO,
130“C m.p. wax 5 a l300“F

Low density polyethylene 5

SRF carbon black 10
Added as a separate4

MBTS*
P-quinone dioxime 1,5 c»oter mix

•MBTS = Mercaptobenzothiazyl disulphide.

compositions more effective^ a result butyl compositions
a r e i n t h e r e g i o n o f v e h i c u l a r - b o d y v i b r a t i o n . a n  ,  Intheorv m o r e

are employed in the fabrication of automotive body m o u n ts^  ‘h e W  m̂ ĉ ^

highly damped of viscoelastic polymers
frequencies. Hov^ever, the , actice This effect partially
decrease with increasing ^  systems. In addition at higher
alleviates Wgher-frequency defficien^^^^^^^^
frequencies, dynamic stiffness becomes a influenced by
transmissibility and this dynamic behaviour can be greatly influenced y



Technology o f  R u b b e r a n d  R u b b e r G o o d s  In d u s tr ie ,

'  ̂  . the size and the shape of the moulded
c o m p o u n d in g  v a r i a t io n s  as a 3 typical butyl body-moum

a 50  Shore A  hardness vulcanis . jorner can be associated with higher 
H ig h e r  damping behaviour ^ surface with a measurable

coefficients of friction property of butyl has potential for

road surfaces
Chemical and M oisture Resistance

of more polar oxygenated solvents, ester-type plasticisers, vegetable oils, 
and synthetic hydraulic fluids (8.6 to 11.0),

Table 6 : Butyl body-m ount com pound

Butyl

HAF carbon black 

MT carbon blad< 

Paraffinic oil 

Zinc oxide 

CdDEDC*

mis
Sulphur

100.0 
45  0

15.0

20.0
5.0

2.0 

0.5  

1.0

•CdDEDC - Cadmium diethyldithiocarbamate

Thus while butyl vulcanisates will be highly swollen by h y d r o c a r b o n  

solvents and oils, they are only slightly affected by oxygenated solvents an 
other polar liquids. This behaviour is utilised in elastomeric seals for hydraulic 
systems using synthetic fluids, as Figure 5 denaonstrates.
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Bntyl NttureJ SBR Hyp*lon Neop- 
[ubbcT

Fio 5 ■ S w e lling  o f butyl and o ther elastomeric vu lcanisates in phosphate 
e s te r flu id s

b u t y l  VULCANISATION
Regular butyl rubber is commercially vulcanised by three basic methods. 

These are -
i. Accelerated sulphur vulcanisation
ii . Cross-linking with dioxime and related dinitroso compounds 

ill. The polymethylol-phenol resin cure.
The three methods are described as under 

Accelerated Sulphur Vulcanisation
In common with more highly unsalurated ^^^ers, butyl maj b ^  

linked with sulphur, and activated by zinc oxide and o,
contrast to the higher unsaturated varieties, 
vulcanisation can be obtained only with the very 
dithiocarbamate accelerators. Other less-active 
derivatives may be used as modrfying agents to improve 
scorch. Most curative formulations include the range of ingredients shown
Table 7. .. ..

Thiurams and dithiocarbamates provide the pnmary a ^
Which promotes the most efficient use of su p ■ - . j ^
mercaptobenzothiazoles, reduce scorch dunng 
dithiocarbamates and low levels of sulphur favour the 
monosulphidic cross-links. The use of sulphur donors in place of elemental 
sulphur also promotes simpler monosulphidic bonds.



Table 7 : Curative formulations
Parts by wt.

Butyl elastomer 
Zinc owde

ThiSram or dithiocarbamale accelerator 
Modifying thiazole accelerator

100
5

0.5-2 .0  
1-3 

0.5 -1

(r _N-C-S>2

Thiuram

-N

(Rj—N—C—S), M

Dithiocarbamates
(M is a metallic element)

\
C— SH

/
Thiazole

vulcanisation temperatures may range ftom 275-375"F wrth temperature 
coefficients of vulcanisation of 1.4 per 10“F for
compounds. This means that the vulcanisation time, to a given state of cu e 
is multiplied by 1 .4  for eveiy 1 0 “F  decrease in t e m p e r a tu r e .  Conversely, for 
every 1 0 ° F  rise in temperature, the vulcanisation time is divided by 1 .4 ,

Dioxime Cure
The cross-linking of butyl vî ith p-quinone dioxime or p-quinone dioxime 

dibenzoate proceeds through an oxidation step that forms the active cross- 
linking agent, p-dinitrose-benzene, as shown in Figure 6.

The use of PbO^ as the oxidising agent results in very rapid 
vulcanisations, vî hich can produce room-temperature cures for cemen 
applications. In dry rubber processing, the dioxime cure is largely used m 
butyl-pjbber electrical insulation formulations as outlined In a preceding 
section, to provide a maximum of ozone resistance and moisture 
impemieability to the vulcanisate.
Resin Cure

The cross-linking of butyl mbber (and other elastomers containing olefinic 
unsaturation) by this method is dependent upon the reactivity of the 
phenolmethylol groups of reactive phenol-formaldehyde resins -

HOCH C H ,------ ;h , o h



Two mechanisms involving tlie isoprenoid unit have been postuiated. 
One involves reaction with allylic hydrogen through a methylene quinone 
intermediate, and the other an actual bridging of the double bond. The low 
levels of unsaturation of butyl require resin cure activation by halogen- 
containing materials such as SnCl, or halogen-containing elastomers such 
as neoprene. A series of curves in Figure 7 illustrates the activating effect of 
stannous chloride and the stability of the resultant cross-link to reversion 
upon prolonged heating. This feature of the resin cure is utilised in ttie fabrication 
of tyre-curing bladders.

N — O H N  = 0

+ [01 Oxidation step

N — O H  PbOj
PbjO,

N = 0

= C - C - )

Fig. 6 ; DIoxime cure o f butyl rubber

A more reactive resin cure system requiring no external activator is 
obtained if some of the hydroxyl groups of the methylol group are replaced by 
bromine.

HALOGENATED BUTYL
The introduction of ctitorine to the butyl molecule, in '0 1 -

molar ratio of chloride to double bond, achieved a broadening o vu c 
latitude and rate, and enhanced covulcanisation with general W o s e , high- 
unsaturation elastomers, while preserving the many unique attnbutes of the 
basic butyl molecule, Bromination in the same approximate molar ratio fu ^e r 
entianced cure properties and provided greater opportunity or t 
covulcanisation or adhesion, or both, to general purpose elastomers.



property the re q u ire d live tl '
tyre unsaturated tyre elastotriers to
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Fig. 7 : The relative rates o f cure and reversion o f res in  and su lphu r-cu red  
b u ^ i  com pounds

Halogenation and Production
The reactions of elemental bronnine and chlorine with the isoprene residue 

in butyl rubber can be quite complicated. The “dark" reaction of a solution of 
butyl in an inert diluent with these halogens can result in the incorporation of 
bu^l in upto about 3 gram atoms of halogen per mole of unsaturation originally 
present in the polymer It has been found that the overall halogenation occurs 
substantially as a series of consecutive reactions, each being slower than 
the preceding one.

Synthesis in the halogenated-butyls production facilities involves the 
"dark" reaction of a solution of butyl in hexane with elemental halogens at 
conventional process temperatures (40-60°C). The target is to produce a 
product in which no more than 1 halogen atom is introduced into the polymer 
per unsaturated site initially present, within the constraints of a final product 
weight per cent halogen specification range.

Under the above conditions, the reaction with chlorine is very fast, 
probably completed in 15 seconds or less, even at the low molar concentration 
of reactants employed. The bromine reaction is considerably slower, perhaps 
about 5 times that of chlorination. In both cases, through mixing is a prerequisite 
to meet the synthesis targets (i.e., to avoid multiple halogenation at a particular



site). That these actions lead primarily to substituted products has been well 
documented

These fast reactions are presumed to occur via an ionic mechanism. 
The halogen molecules are polarised at the olefinlc sites, and undergo 
heterolytlc scission and consequent reaction. This ionic reaction can be 
depicted as follows -

I. Heterolysis and addition of halogen (X)

j - 4

I ! _c—
=c-c-

c—

There is interaction between positively charged carbon and added X up
until.

ii. Proton abstraction by Xq 

_ l _

•w v -i;_ c_ c—C—C + X® •
j _ i  .  j  I

I 'X

I

Thmodynamlcally most 
favoured stnjcture

HX

—c — —c —

■ U - L U . Product found in highest 
concentration

(IV) Isomerised form of I



„  ctorir rnnstraints imposed by the dimethyl-substituted 
A p p a re n tly  the ^e r ^  ^jer m the k in e tic a lly  favoured

c a r b o n  alpha 0 t h e , n - c h ^ ^  commercial products can be

" f e d  fol to a tevel s 95% by the summations of the concentrations o,
structures l-IVwith III dominant

Actual production is conducted in hexane solvent and the process flow 
shown in Figure 8, Butyl rubber in solution is treated with chlorine o, 

b r a m i n e  in a senes of high-intensity mixing steps. Hydrogen chloride or 
h T o a e n  bromide is generated during the halogenat.on step, and r^ust be 
nfufralised usually w i^ a dilute aqueous caustic solution. After neu ralisation, 
t h e  S usfc  aqueous phase is separated and removed and the halogenated 
" t  is then stabilised and antioxidant is added to protect the halogenated 
product during the polymer recovery and finishing steps, which are mucii 
along similar lines as for butyl recovery.

SolutioD storage
Neutralization

contactors
Halogenalion

contactors

From Solution 
preparation

Hexane recycle

Slurry to 
finishing

Makeup

SUipper Flash siuny 
drum

Fig. 8 ; P rocess o f m anufacture fo r  halogenated b u ty l-rub b e r

Stabilisation
As in all hydrocarbon polymers, the presence of an antioxidant is 

required to protect those elastomers during finishing, storage and 
compounding. These are chosen on the basis of cost e f f e c t i v e n e s s ,  

discolouration tendencies, FDA approval, and compatibility with the overall 
process.

These reactive halogens having been implanted in the polymer, the 
principal stabilisation problem is how to preserve them until they can display



their main utility in cross-linking reactions. Unstabilised, both elastomers 
will undergo thernnal dehydrohalogenation and simultaneous cross-linking, 
the brominated product more readily than the chlorinated. The 
dehydrohalogenation is catalysed by the evolved acid.

Useful stabilisation must meet numerous criteria. The stabiliser or 
package thereof must -

i. Prevent the accumulation of evolving HX and yield harmless by­
products.

ii. Not be itself highly reactive vinth allylic halogens.
iii. Have process compatibility,
iv. Interact favourably, or at least not unfavourably, with cross-linking 

systems to be employed.
V Not introduce a health hazard.
vt. Be economical within the foregoing constraints.

Many materials will satisfy one or more of these demands, but very few 
all of them.

Experiment and experience have combined to teach that calcium 
stearate fulfils these objectives for chlorinated butyl. Brominated butyl, being 
less stable and more reactive, requires a combination of calcium stearate 
and an epoxidised vegetable oil.
Compounding Halobutyl

The following summarises the influence of compounding ingredients on 
processing and vulcanisate properties of halobutyls.

a. Carbon Black - Carbon blacks affect the compound properties of 
halobutyl in a similar way as they affect the compound properties of 
their rubbers: particle size and structure determine the reinforcing 
power of the carbon black and hence the final properties of the 
halobutyl compounds.
i. Increasing reinforcing strength, for example, raises the compound 

viscosity, hardness, and cured modulus,
ii Cured modulus increases with the carbon black level up to 80 

phr. Tensile strength goes through a maximum at 50-60 phr 
carbon black level.

b. Mineral Fillers - Mineral fillers vary not only in particle size but also in 
chemical composition. As a result, both cure behaviour and physica 
properties of a bromobutyl compound are affected by the mineral 
filler used, although to a lesser extent than chlorobutyl compounds. 

Generally the common mineral fillers may be used v îth halo^tV' 
but highly alkaline ingredients and hygroscopic fillers should be 
avoided.



i Clays are semireinforcing - acidic clays give very fast^res, 
mirefore extra scorch retarders may be needed. Calcined clay 
in the preferred filler for pharmaceutical stopper compounds 
based on halobutyi.

ii. Taic is semireinforcing in halobutyi w/ithout a major effect on 
cuFi.

iii. Hyerated silicas even at moderate levels cause compound 
stlffiness and slower cujg rate, so their use should be restricted

IV. Silane-treated mineral fillers so one way to enhance the 
interactjp.a between polymer and silicates, and hence.to improTe 
compound properties, is to add small y  phr) amounts of silanes 
Particularly useful silanes are the mercapto- and amjno- 
derivatives.

Plasticisers - Petroleum-based process oils are the most commonly 
used plasticisers for halobutyi. They improve mixing and processing, 
soften stocks, improve flexibility at low temperatures and reduce 
cost.
Parifinic/naphthenic oils are preferred for compatibility reasons. Other 
useful plasticisers are paraffin waxes and low-molecular-weighl 
polyethylene. Adipates and sebacates improve flexibility at very low 
temperatures 
Process Aids -

i. Mineralrubberno\on\y improve the processing characteristics 
of halobutyi compounds by improving fillers dispersion, but they 
also enhance compatibility between halobutyi and highly 
unsaturated rubbers.

ii. Tackifying resins should be selected with care Phenol- 
formaldehyde resins, even those where the reactive methylol 
groups have been deactivated, react with halobutyi especially 
bromobutyl, causing a decrease in scorch time.

iii. Stearates, stearic acid should be noted that zinc stearate (which 
can also be formed via the zinc oxide and stearic acid reaction) 
is a strong dehydrohalogenation agent and a cure catalyst for 
halobutyi. Similar effects will tie observed with other organic acids 
such as oleic acid or naphhthenic acid. Alkaline stearates, on 
the other hand such as calcium stearate, have a retarding action 
on the halobutyi cure.

Anti-degradants -Jmne::^pe antioxidants/antiozonants such as 
Flectol H, mercaptobenamidazole and especially p-phenylene- 
d iam in^ will react with Fiardbutyl They should preferably be 
added with the curatives, not in the masterbatch. Phenol derivative 
antioxidants are generally preferred.



a.

Processing Halobutyl

The following recommended processing conditions are applicable to 
both chloro-and-bromo-butyl,

all the ingredients except for zinc oxide and accelerators The batch

' h -  “ W e
f ^  *yp''=a' 'fixing cycle and processing for a halobutyl innerliner compound are as follows -

First stage 0 min Halobutyl, carbon black, retarder

1.5 min Process aids, plasticisers, fillers,
stearic aid....

3.5 min Dumpat 120-140“C
Higher dump temperatures could result in scorching - 

Second stage Omin Masterbatch + curatives.
2 min Dumpat100”C.

Mill-mixing on two-roll mill is best accomplished with a roll-speed 
ratro of 1.25/1 and roll temperatures of 40°C on the slow roll and 
55'’C on the fast roll.

The following sequence of addition is recommended part of the rubber 
together with a small amount of a previous mix as a seed; 1/4 fillers 
plus retarder: remainder of polymer; rest of filler in small increments; 
plasticisers at the end; acceleration below 150°C.

. Calendering - Feed preparation can be done either by mill or by 
extruder, Halobutyl follows the cooler roll; therefore, a temperature 
differential of 10“C between calender rolls is reommended Starting 
roll temperatures should be -
Cool roll 75-60®C
Warm roll 85-90°C

Normal calendering speeds for halobutyl compounds are between 
25 and 30 metres/minute.

Rapid cooling of the calendered sheet is beneficial for optimal 
processability (handling) and maximum tack retention.
Extrusion - Feed temperature should be 75-80°C while the temperature 
of the extrudate is around 100°C. During calendering and extrusion 
of halobutyl compounds, the most important problem is blister 
formation. The reason for this phenomenon is the low permeability of 
these polymers, which tend to retain entrapped air or moisture. 
Preventive action should be taken at all stages of the process for 
example -



i. Clays are semireinforcing - acidic clays give very fast oires 
therefore extra scorch retarders may be needed. Calcined clay 
in the preferred filter for pharmaceutical stopper compounds 
based on halobutyl.
Talc is semirelnforcing in halobutyl without a major effect on 
cuFe.

iii. Hyerated silicas even at moderate levels cause compound 
stiffiness and slower cure rate, so their use should be restricted

iv, Silane-treated mineral fillers so one way to enhance the
interactLoo between polymer and silicates, and hence.te im'prwe 
compound properties, is to add small (1 phr) amounts of sllanes 
Particularly ujefu l sllanes are the mercapto- and amino- 
derivatlves- ’

Plasticisers - Petroleum-based process oils are the most commonly 
used plasticisers for halobutyl They improve mixing and processing, 
soften stocks, improve flexibility at low temperatures and reduce 
cost.

Parffinitfnaphthenic oils are pretend for compatibility reasons Other 
useful plasticisers are paraffin waxes and low-molecular-weighl 
polyethylene Adipates and sebacates improve flexibility at very low 
temperatures
Process Aids -

I. Mineral rjbber not only impnove the processing characteristics
of halobutyl compounds by imoroving fillers dispersion, but they 
also enhance compatibility Detween halobutyl and highly 
unsaturaiec njbbers

M TacK!fying '^sins  should be selected witt^ care Phenol-
forr.aidehvrle nssins ever ‘hose v»here tt-e :-eactive methylcl 
grcucs -ave Seen :;eactivatBd -eact .wtf fiaicBuM especially 
bromocuwi causing a decrease m scorcr .ime

'II 2!RaratBs aad srrouia ce-ctea ;inc stearate 'vracn
la r  also ce *o,rTec 71a t ie  ;;nc ;:caB anc stear'c acid reacncn 
s a ar;ng^ ler.ycrcpaicueram-r agei-r a 'o  3 ;ure ;ard)vst *01 
’ Stccu^i, ^ir-iiarsffecis Viilce ;csei’,(si /»itf ^iher :n?ancic(» 

38 :ia c  ic c  :r ■’ 3I3l-rt^e^ll: a::c. i.ka iire  ? te i.3ra3. :i' 
fc t re  “ Er«^i.r.r is :a cu r- neariie. 'ave 1 -H arrirc  w c i’ 

t e  ;:.i=

«-.rj - "er^Trxrirz;."ii3£:':ie =n: ---i-f>c;ali.

-asc-r^arf. * - , - 0



Processing Halobutyl

weight should be 1 0 - 2 0 %  higher t h a n  m  The batch
compound based on g e n L '/ 'p u ^ ^ '^ ^ ^ L 'b tf  f  
and processing for a halobutyl innerliner compou^nd“ S o w s ' 

irst stage o mm Halobutyl, carbon black, retarder.

1.5 min Process aids, plasticisers, fillers
Stearic aid....

3 5 min Dump at 120-140°C
Higher dump temperatures could result in scorching - 

Second stage 0 min Masterbatch + curatives.

2 min Dumpat100”C

'̂^“ '^Plished with a roll-speed

S'"c onlhe lrro ,r
The following sequence of addibon is recommended part of the rubber

rtus r e f  rt'"" ^ ® ^ filters

piasticisers at the end; acceleration below 150“C.

b Calendering - Feed preparation can be done either by mill or by
extruder Halobutyl follows the cooler roll; therefore, a temperature
differential of 10”C between calender rolls is reommended Starting 
roll temperatures should he -
Coo) roll 75«J°C

Warm roll 85-9Q“C

^ a l  M lendering speeds for halobutyl conpotinds are between 
25 and 30 metres,'mnute.

cooting erf the catefidered sheet :s beneficial for sporral 
processafci-?^' harxHingi and maximum lack retefiton

c &^js«3r7-FeecltefriDef3iuBsfw i*lbe75^C«*jie?:e»rcefaaife
» extnxtase ;s arooncf 100X  D*inr^ c a e x ie n r^  a rc  extm s«r 
"  '3'otfaty* compounds »ie n!.os! im portart p ro ce 'r s c.-ste^ 

T^efeaso^!fbr;^^5p^«rlo^1e^)ons!t«^cwpe^rreatl«y■c^
-  DcTr^e^ wfina, „  e rtrac ixa a>r or To-st.re
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E n s u re  th e  stock is  well mixed in full mixer to p re v e n t porosity. 

Avoid moisture at all stages,
iii Keep all rolling tjani<s on mills and calender nips to a minimum 
Moulding - Halobutyl can be formulated to have a fast-cure rale, 
aood mould flow and mould r e le a s e  charactenstics, and can, therefore, 
L  moulded into highly intricate designs with conventional moulding 
equipment. E n tra p p e d  air can be removed by bumping of the press 
during the early part of the moulding cycle.

Halobutyl is also very well-suited for injection moulding because of ils 
easy flow and fast, reversion-resistant cures. Low-molecular-weight polymei 
grades may be required for optimum flow and good scorch safety.



Nitrile and Polyacrylic Rubber

in t r o d u c t io n

A synthetic rubber can be made by random polymerisation of acrylonitrile 
with butadiene by free radical catalyst. Alternating polymers using Natta- 
Zeglier catalyst can be used. The main raw materials required are the 
monomers, butadiene and acrynitrile.

Its repeating structure can be represented as - 
—CHj—CH=CH—CHj—CH^—CH—

I
CN

In theory, the polymerisation reaction can be written as - 
CH^=CH—CH=CHj + CHj=CH 

I
CN

(—CHj—C H =  CH—CHj),

The values of n and y  depend on the precise polymerisation recipe and 
the temperature of polymerisation. It is important to bear in mind that, except 
under azeotropic conditions, the ratio of the two monomer units in the final 
polymer will not normally be same as the ratio in which the monomers were 
charged in the reaction vessel. As the ratio of butadiene to acrylonitrile in the 
polymer largely controls its properties, the design of the polymerisation recipe 
and the temperature at which this is carried out are important features of 
nitrile rubber production. The properties of the product may be influenced by 
other details of the recipe, such as the nature and the amount of modifiers 
and emulsifier. Thus, nitrile rubber is defined as copolymer of a diene and an 
unsaturated nitrile.

Nitrile butadiene and polyacrylic elastomers fall into the class of special- 
purpose. Qil^sist^ntjubbers. Nitrile elastomers offer a broad balance of low 
temperature, oil, fuel and solvent resistance as related to acrylonitrile content.



These characteristics, combined with their good abrasion and water-resistam 
qualities, make them suitable for use in a^wide vanety of.applications with 
heat-resistant requirements to 149°C (300°F),

Conventional unsaturated diene-type nitrite rubbers tend to embrittle (of 
case-harden) when exposed to temperatures above 149°C due to -

a. Oxidative cross-linking or
b. Cross-linking by oils containing sulphur-bearing additives.
Acrylic elastomers contain little or no residual unsaturation and therefore

are more resistant to these effects. In general, the acrylics exhibit 55”C 
(100°F) higher service-temperature capability than the nitriles and are 
specifically recommended for those applications requiring heat and oil 
resistance in the 149“C-204°C (400°F) temperature range.

MANUFACTURE OF NITRILE RUBBER

In addition to the monomers, a basic polymerisation recipe would contain 
water, emulsifier, modifier, electrolytes, catalyst, activator, shortstop, and 
stabilisers. The basic steps involved in the manufacture of nitrile rubber are 
as follows -

The monomers are emulsified in water, a free radical-generating catalyst 
is added and the mixture is agitated while a constant temperature is 
maintained. After the desired degree of polymerisaiton is reached, a shortstop 
and stabilisers are added; residual monomers are removed; the latex is 
concentrated, coagulated, washed, dewatered; and the resulting crumbs are 
dried and compacted to form bales. Both batch and continuous methods of 
manufacture are in use today

Nitrile rubbers are available in several forms such as sheets, crumb, 
powders and liquid.

PROPERTIES OF NITRILE RUBBER

Oil resistance is the most important property of nitrile rubber Nitrite 
rubber is available in several grades of oil resistance based on the acrylonitriie 
content of the polymer. Available grades ranqe from 15-50% acrylonitriie 
content. '

iVlany of the properties of nitrile rubber are directly related to the proportion 
of acrylonitriie in the rubber The most important property trends related to 
the acrylonitnie content are shown in Table 1

nitr i ^ Illustrates some of the properties one can expect of a typical 
t lie rubber compound when only the ratio of acrylonitriie to butadiene content 

D r n n p r t ° f  > ™P°^ant characteristics which can affect the
L o n ^  nta° t"  , particularly the processing properties are

rubbers a^30to%"5



Table 1 : P roperty trends influenced by the per cent o f acrylonltrile  In n itrile  
ru b b e r

% Acryionitriie
Characteristics 15 50

Oil resistance improves 

Fue! resistance increases 

Tensile strength increases 

Hardness increases 

Abrasion resistance improves 

Gas impenneability increases 

Heat resistance increases

Low-temperature flexibility improves <_

Resilience improves <_

Piasticiser compatibility increases <_

Compression set decreases <_

Gel content generally ranges from 0% to over 80%. The type of gel 
present alsn affer-.ts ttip prnpprties, P p rm a n g n t gel or cross-linking generally 
results in lower tensile strengtti and lower per cent elongation and abrasion 
resistance in cured compounds, but in calendered or extruded goods, lack of 
nerve or reduced shrinkage is valuable. Non-permanenet gel, which generally 
can be temporarily milled out of a compound, results in increased green 
strength and reduced cold flow of uncured compounds, ̂ u t also results in 
reduced surface tack and poor mould flow characteristics^

A modification of the nitrite rubber molecule, i.e., the addition of carboxyl 
groups, results in a rubber with the usual oil resistant characterisltics of 
nitrile rubber, but with much improved abrasion fesTstarife. Blends of poly 
(vinyl chloride) and nitrile njBber also are pToduce'd'either’By blending the two 
latices or by physically blending the polymers. The resulting products have 
much improved ozone resistance and improved flame-retardant properties. 
Uses of Nitrile R iibber

Because of its oil- and fuel-resjsjant characteristics, nitrile rubber finds 
its greatest market in applications where these characteristics are necessary.

(.There are many applications in the hose industry where oil, fuel, 
chemicals and solutions are transported. Typical hose constructions requiring 
a nitrile-rubber tube or liner are automotive, marine, aircraft fuel lines, and 
bulk-fuel transfer hose; oil-tanker, barge-loading and unloading hose; chemical



transfer hose, industrial air hose and food handling, dairy and creamery hose. 
Other automotive applications include emission hose and tubing, shaft seals, 
bushings, gaskets carburetor parts, fuel-pump diaphragms and oil-fiitej 
gaskets.

Table 2 : Typicia properties o f n itrile  rubber re la ted to  a c ry lo n itr ile  content

% Acryionitrife 41 33 29 21

O rig inal properties ASTM D412

100% modulus, MPa (psi) 2.0 2.3 2.3 2.4

(300) (340) (340) (355)

300% moldulus, Mpa (psi) 12.0 12.0 11.7 14.6

(1750) (1750) (1710) (2130)

Tensile strength, MPa (psi) 22,0 20.9 20.8 21.0

(3200) (3040) (3030) (3055)

Elongation. % 380 500 490 390

Hardness, points 66 64 62 62

Compression set. p lied d iscs, ASTM D395, m e thod  B 

7 0 h rs @  125X  34 34 39 38

Low-tem p. b rittle ne ss , ASTM D2137 

“C -20  -36 -40 -45

OiJ-reslstance, volum e-change per cent, 70 h rs  @ 100®C 
ASTM No, 1 .1  +1 +3 +4

ASTM No. 3 .10  +17 +32 +49

Fuel-resistance. volum e-change per cent, 70 h rs  @ 23 'C  
ASTM Reference Fuel B +29 +39 +54 +76

ASTM Reference Fuel C +48 +66 +88 +133

D istiiled-H jO -resistance, vo lum e-change per cent, 70 h rs  @ 23“ C 
% change ^5

Another large user of nitrile rubber is the oil-drilling industry in such 
Items as blowout preventers, down-hole packers, drill-pipe protectors, pump- 
piston elements and rotary drilling hose. Powder and particulate forms of 
mtnle oibber are especially useful in cements, adhesives, binders for cQflt 
gaskets and break linings. Another interesting application for nitrile rubber is 
in plastics modification to improve impact strength and flexibility.
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COMPOUNDING

Nitrite rubber can be compounded to obtain a broad range of properties. 
Basically nitrile rubbers are compounded in much the same fashion as natural 
rubber or the styrene-butadiene rubbers. Polymer selection is important to 
obtain the best balance of oil resistance and of low-temperature flexibility. 
The higher acrylonitrile content polymers have the highest oil and fuel 
resistanceTbuT poorer low temperature propertiesrTRe lower acrylonitrile 
content polymers have good low temperature properties at some sacrifice in 
oil and fuel resistance.

As with natural rubber and styrene-butadiene rubber, zinc oxide at 3-5 
phr level and stearic acid at a 1-2 part level are added for proper activation. A 
good antioxidant is usually added in all nitrile compounds to improve stability, 
proper choice of antioxidant depends on the requirements such as high-heat 
resistance, extraction resistance, or staining characteristics.

Nitrile rubber is not inherently ozone-resistant; therefore protection must 
be added to the compound to achieve a desired degree of ozone-resistance. 
Protective waxes, usually at the 1-2 part level, are generally added to the 
compound in addition to the ozone inhibitors. Ozone resistance can also be 
obtained through blending techniques with other materials such as poly (vinly 
chloride), chlorosulphonated polyethylene, chlorinated polyethylene, 
epichlorohydrin and ethylene-propylene terpolymers.

Reinforcing fillers are necessary in order to achieve optimum properties 
with nitrile rubbers. Carbon black is the most widely used filler and the nitrile 
rubbers respond to the full range of available carbon blacks from the largest 
to the smallest particle sizes and range of structures. Non-black applications 
will require the use of reinforcing silicas of various types, calcium crbonates, 
hard clays, talc and other pigments.

Plasticisers are generally used in nitrile-rubber compounds to improve 
processing and low-temperature properties. Typically they are ester types, 
aromatic oils, and polar derivatives and can be extractable or non-extractable 
depending upon the end-use requirements.

Vulcanisation can be achieved with sulphur, sulphur-donor, or peroxide 
systems. Table 3 illustrates some typical vulcanisation systems in general 
use. Tables 4 and 5 represent typical compounds designed for automotive- 
hose tubes, oil-well-packer elements, and general-purpose moulded goods. 

Mixing and Processing
All of the commercially available nitrile rubbers can be mixed either on 

a two-roll mill or with internal mixing equipment. Compounds can be designed 
to be easily extruded, calendered, or moulded with injection, compression, 
or transfer techniques.
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Table 3 : Typical vulcanisation systems

System Level Characteristics

Sulphur
MBTS

1.5 parts
1.5 parts

Low cost, general ' 
purpose, slow curing

Sulphur
ITrfTD

0 3 parts 
3 0 parts

Fast-curing, low compression 
set. blooms

Sulphur
TE7D
7MTD
CBTS

0.5 parts
1.0 parts
1.0 parts
1.0 parts

Faster curing, lower 
compression set. non-blooming

DTDM
OTQS
7M7M

1.0 parts
2.0 parts 
1 5 parts

EV system, excellent heat 
ageing

Dtcumyl
pewxkle (40%)

4.0 parts General-purpose peroxide 
system, low compression set

Q je  proper choice of polymerJjQoney viscosity determines how well 3 
compound will process. The low-Mooney-viscosity polymers lend themselves 
to injecfion moulding and calendered friction compounds The medium- 
Mooney-viscosity polymers will generally transfer- and compression-mould 
and provide good calendering characteristics. The high-Mooney-viscosity 
polymers provide excellent extnjded compounds, pardculariy when high “green" 
sfrength is requred. Blends of polymers with different fVlooney-viscosify ranges 
often provide the solution to many processing difficulties.'^
Latest Developments

i. N^riie rubbers containing “bound" antioxidants, i.e., antioxidants 
attached to the polymer chain are less fugitive and are less likely to 
be soluble in fuels or oils and are less volatile, thereby improving dry- 

, heat resistance,

" Containing little or no unsaturation show
promise of better heat resistance and resistance to oxidised gasoline

H resistance to the harsh environments found
indeed, sour wells,

POLYACRYLIC RUBBERS

p r o p o S " o ? a '™ " ' '  “ polymers of ethyl aoylate and a minor
ether monomer containing chlorine, e.g., 2-chloroethyl vinyl

CH^=CH-COOqH, 
Ethyl acrylate

C H ,=C H -0-C H ^—CH^—CL
2-chloroethyl vinyl ether
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Table 4 : O il-w e ll'packer element

Ingredients

Hycar 1051" 100 0
Zinc oxide 5.0
Stearic acid 1.0
N550 black 70.0
Antioxidant 2.0
Plasticiser 5.0
Sulphur 0.4
MBTS 3.0
ZDMC 1.5

187.9

•Typically, 75 Mooney, 41% acrylonitrile

Expected properties

Tensile strength, psi 2940
Elongation, % 370
Hardness, points 78

Table 5 ; G enera l-purpose m ou ld ing  com pound

Ingredients

Hycar 1052* 100.0

Zinc oxide 5.0
Stearic acid 1,0

Antioxidant 1.5
N774 black 65.0

Plasticiser 15.0

Sulphur 1.5
MBTS 1 5

190.5

■Typically 50 Mooney, 33% acrylonitrile.

Expected Properties

Tensile strength, psi 2700

Elongation, % 550

Hardness points 65



Vulcanisates of polyactylic rubbers are superior to those of nitrite rubbers 
in resistance to swelling and deterioration by hot hydrocarbon oils, extreme 
pressure lubricants, and transmission and hydraulic fluids, and in resistance 
to heat, being suitable for intermittent use at a temperature upto 180-200X.

Composition
Acrylic elastomers are copolymers based on two major components - 
I. The back-bone (95-99%) 
ti. The reactive cure site (1-5%)
These are shown in Figure 1. Reactivity of the cure site monomer governs 

the cure behaviour of the polymer,

MANUFACTURE OF POLYACRYLIC

Conventional acrylic elastomers are commonly emulsion-polymerised 
to form a latex, or are polymerised in suspension. The solid product is recovered 
by conventional coagulation, washing procedures, and dried by hot air, vacuum, 
or extrusion techniques. The ethylene/acrylic type is solution-polymerised 
under pressure.

Conventional ACM 
(Hycar cyanacryl)

Back-bone

Ethylene/acrylic
(Vamac)

Back-bone

(1) Alkyl 
(CHj—OH)

I
0=0
I
0 -C ,H ^ „  . 

e.g., if n = 2: ethyl acrylate 
e.g., if n = 4: butyl acrylate

(2)AlkO!<y 
(CH-CH)

I
0=0 
I

(1) Ethylene
( - C H —C H ,-),

o- c .h. o- c„ h^ ,

e g . if n = 2 and m = 1: methoxy ethyl acrylate 
e g., if n = 2 and m = 2 : ethoxy ethyl acrylate

(2) ft/lethyl acrylate 
( - C H - C H - ) ,

C=0
I
OCH,



Cure site Cure site

Chlorine Carboxylic acid

— C—C—C (—R—),
I Proprietary ]
X = molecular C = 0
I structure j
C H ,C I OH

Fig. 1 : Major components, acrylic elastomers 
Raw Polymer Characteristics

Conventional acrylic polymers have a specific gravity of 1.10 and are 
off-white in colour. Current commercial types are manufactured in a 26-55 
Mooney (ML-1 +4'/100°C) viscosity range. All are normally supplied in solid, 
s lab  form. Some special solution grades are also available in both solid and 
crumb form. The ethylene/acrylic polymer has a specific gravity of 1.03, is 
pale-gray in colour; and supplied in a 16 ± 3 Mooney -1 + 4/100°C) 
viscosity range. Black and non-black masterbatch versions are also available. 
All are supplied in slab form only The shelf stability of acrylic rubbers is 
excellent (>12 months) when stored in their original package under normal 
room temperature, dry conditions.
Physical Characteristics

As a class, acrylic elastomers are inherently resistant to -
i. Temperature from -40 to 204°C (400°F) 
li. Oils at elevated temperatures.

iii. Oxidation.
iv. Ozone.
V Alphatic hydrocarbons 

Vi, Sunlight (UV) discolouration.
Typical vulcanisate properties are as follows -

Tensile strength (MPa/psi) 5-17/700-2500

Elongation (%) 100-600

Hardness (Duro A)
In addition, the acrylics exhibit good damping qualities, are not highly 

corrosive to steel, and can be compounded to provide excellent flex life, fair 
electrical-insulation resistance and some degree of flame resistance. The 
more polar conventional acrylics can also be compounded to provide a high 
degree of electrical conductivity. The ethylene/acrylic type also provides 
improved abrasion resistance, but tends to lose this advantage after oil-ageing 
as a result of its high swell characteristics



Ethyl-acrylate-base polymers provide the best overall balance of 
processing characteristics, physical properties, and heat and oil resistance 
but possess limited low-temperature resistance. The newer, improved low- 
temperature versions exhibit some sacrifice in this balance. The choice of 
polymer is primarily dependent on the balance of low-temperature/oil-swell 
resistance required for a given application.
Heat, Fluid, Low-temperature Resistance

The high-temperature service capability of acrylic elastomers is rated 
at > 70 hr maximum/190-204°C short-term, intermittent; and > 1000 hr 
maximum/163-177°C long-term, continuous, in dry heat. Short-term exposure 
above 204°C is also possible. The ultimate mode of heat-ageing failure for all 
acrylic elastomers is embrittlement.

Acrylic elastomers are highly resistant to petroleum base lubricating 
oils, transmission fluids and greases, including the sulphur-bearing, extreme- 
pressure gear lubricants. In addition, they are also quite resistant to the 
newer, longer-service SF and synthetic ester-type lubricants. The use of butyl 
acrylate and ethylene/acrylic-based polymers is limited to applications that 
can tolerate high-oil-swell characteristics. Acrylic elastomers are not 
recommended for service in aromatic hydrocarbons, e.g., gasoline. Most 
conventional acrylic polymers are also not suitable for continuous use in hot 
water or steam, or in water-soluble materials such as methanol or ethylene 
glycol. However, the ethylene/acrylic type is recommended for service in hot 
water and in ethylene glycol media.

Current commercial types are supplied in a -14“C to -40°C low- 
temperature range as characterised by differential thermal analysis glass- 
transition temperature (DTA T )̂.
Applications

Conventional acrylic elastomers have been successfully utilised in a 
"  °  ™I'“ ' applications. These include automatic

can Z k  valve-stem seals, crankshaft seals, pinion seals and oil-
in o th t  L I h  " T ' ' '  Seining rapid acceptance
L k e ^ r r n n  ®PP''=3tions such as hose, tubing, electrical-cable
jacketing, rolls, and belting.

g e n e r a l  c o m p o u n d in g

Cure Systems

IS a c c o m D l i i h l f ^  saturated back-bone, cross-linking 
nature of of copolymerised reactive cure sites. The
cure svs e m ^ l^ /  products, and therefore different

systems have been developed for specific types. Thus, acrylic



elastomers from different suppliers are not generally directly interchangeable 
in a gi'/en recipe. Conventional domestic acrylics respond to soap/amine, 
activated thiol, soap/sulphur or sulphur donor, lead/thiourea, diamine and 
trithiocyanuric acid (TCY) cure systems. The ethylene/acrylic type responds 
to diamine and peroxide cures. Since the majority of acrylic cure systems 
are baisc in nature, they are retarded by acids and accelerated by bases. 
Specific  cure-system recommendations should be obtained directly from the 
polymer suppliers.

Despite significant advancements in acrylic-cure technology all current, 
state-of-the-art acrylic elastomers require a relatively long cure cycle or must 
be subsequently post-cured (tempered) in a circulating hot-air environment 
to realise optimum compression-set resistance.
Reinforcing Agents

Acrylic elastomers do not provide high gum strength when cured. 
Reinfocing agents are required to develop useful properties. Carbon black 
reinforcing agents provide the best overall balance of vulcanisate properties.

The use of mineral reinforcing agents is primarily limited to electrical 
resistant and colour-coded applications. Aluminium silicate or silica types 
are commonly utilised, either alone or in combination. Amino or vinyl silane 
coupling agents are also sometimes employed to gain improved vulcanisate 
properties. Organic colourants are generally recommended since inorganic 
metallic-oxide colour pigments tend to have an adverse effect on the cure 
and heat-ageing characteristics of silica-reinforced compounds.

Synthetic graphite is also utilised in conjunction w/ith carbon black and/ 
or mineral re in forcing agents to promote improved surface 
lubricitycharacteristics in, for example, rotary-shaft-seal applications. Neutral- 
to-high-pH-alkaline pigments are recommended since acidic types will tend 
to retard the basic cure mechanism of most acrylic elastomers.

Plastlcisers
Plastioisers are used inacrylic-rubber compounds as process aids or 

to gain improved low-temperature resistance. However, type and amount is 
limited by their volatility and extraction characteristics, as related to post­
cure conditions and service requirements. Low-volatility ester and polyester 
plastlcisers are generally utilised.

Process Aids
Lubricating agents are essential to promote the release characteristics 

of acrylic compounds. Stearic acid is commonly used, usually in combination 
with commercial process aids, which provide both external (release) and 
Iritemal (viscosity-reducing) lubricating qualities. However, it is cautioned that 
îigli lubricant levels can interfere with mould knitting and metal-bonding

properties



Antioxidants
Although acrylic elastomers are nighly resistant to oxidation, certain 

antioxidants can promote marginally improved dry-heat resistance. Low- 
volatility diphenylamines have been found useful for conventional acrylics 
while hindered phenols are suggested for the ethylene/acrylic type. The use 
of antioxidant is speaficaliy recommended in the ethylene/acrylic gum 
polymer and for all non-black reinforced compounds.

GENERAL PROCESSING 
Mixing

Acrylic compounds can be Banbury- or mill-mixed. Hov^ever, internal 
Ban-bury mixing is preferred and generally utilised by the industry. Typical 
Banbury- and mill-mixing procedures are as shown in Table 6.

A two-pass Banbury-mix procedure is most common, but a one-pass 
mix IS also possible on relatively non-scorchy compounds. An "upside-down' 
mixing procedure is sometimes desirable for use with highly loaded, diy 
compounds. Because acrylic elastomers are somewhat thermoplastic in 
nature and tend to lose shear resistance fairly rapidly on mixing, it is 
recommended that reinforcing agents be incorporated very early In the mixing 
cycle to obtain good dispersion, tulaximum cooling is also essential, to 
maintain polymer integrity during the initial phase of mixing. 
Extrusion/Calendering

IVIost acrylic compounds extrude well enough for standard mould- 
preparation. However, forfinish goods, special compounding may be required 
to obtain satisfactory green strength, size, and finish characteristics. In 
general, the use of high-structure reinforcing agents along with increased 
process aid is usually effective. Compound extension through the use of 
softener is also sometimes necessary. The range of die temperatures is 
65-107°C.

Calendering compounds are designed much the same as for finished 
extrusions. However, additional lubricant may be required to promote good 
release characteristics. The range of calender-roll temperatures is 27-107“C. 
Compound Storage Stability

Typical finished acrylic compounds provide reasonably good shelf- 
stability characteristics in the range of one week to several weeks when 
stored under normal room-temperature, dry conditions. Shelf life is primarily 
dependent on the activity of the cure system employed. Storage under 
refrigerated (4"C), low-humidity conditions is also an effective means of 
e en ing shelf life. In practice, aged compounds are usually mill-freshened 
prior to subsequent processing.
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Table 6 : Banbury vs. m ill-m ixing

Banbury

Start: slow speed, full-cooling water Start; room-temperature roils, fuli-
_______________________  cooling water.

Master
1 . C harge polymer 1 . Band polymer.
2. Add filler, lubricant, antioxidarit. 2. Adjust nip to provide rolling

bank.
3. Add process aid. plasticiser. 3. Add lubricant, filler.

antioxidant.
Open nip as required to retain 
rolling bank.

4 Bump and sweep. 4. Add process aid.
5. Dump time 3-6. 5. Add process aid.

Dumptemp 100-105“C Dip cool (optional)
Dip coot.

Finish
6, Charge 1/2 master, curatives 6. Add curatives.

1/2 master.
Dump at 100-121*0 Dip cool.
Dip cooL

On completion of mixing, the stocks shouW be given 6 cuts from each side plus 6 refining 
passes on the mill before stripping.

Vulcanisation
Acrylic elastomers lend themselves to all common cure processes. 

They are commonly compression-, transfer- and injection-mould, but can be 
steam-cured as well. Typical cure cycles (in minutes) are as follows - 

Compression-mou Id 37190“C to 17204"C
Transfer-mould 127163“C to47177“C
Injection-mould 3790“C to 17204°C
Open-steam cure 30907163‘’C

In addition, acrylic elastomers respond to most continuous vulcanisation 
(CV) cure techniques. Special compounding may be required for the low 
viscosity types to gain adequate back pressure in compression moulding 
operations.

As indicated prev -jusly, a post-cure is usually necessary to develop 
optimum compress'^ j-set resistance. Oven post-cure cycles in the range of 
4-8 hr/177°C are commonly utilised.
Bonding Characteristics

A variety of commercially available solvent-base, curing-type adhesives 
lave been found to provide excellent bonds of acrylic compounds to metals



and other substrates. Bonding is carried out during the vulcanisation process 
Recommended substrate preparation and application procedures are provided 
by the manufacturer 
Solution Characteristics

Certain acrylic elastomers also lend themselves to solvent-solution 
coatings and adhesive applications. These dissolve readily in common 
industrial solvents such as methyl ethyl ketone, acetone, ethyl acetate, and 
toluene. Polymer concentrations in the 30-40% total solids range are possible

Blends
The blend capability of acrylic elastomers is limited. However, certain 

conventional types can be utilised to reduce the cost of diamine curable 
fluorocarbon (FKM) compounds or to improve ttie heart-resistance ol 
epichlorohydrin (CO/ECO) compounds. In addition, modified low-T^ versions 
are believed to have potential as high-temperature resistant-impact improvers 
for poly (vinyl chloride), polycarbonate, and poly (phenylene oxide) plastic 
materials. Although not reported, the ethylene/acrylic type may also liave 
interesting blend possibilities.
Future Developments

Although significant advances have been made in acrylic-cuie 
technology, continued research is aimed at the development of more highlj 
reactive polymers and/or cure systems to completely eliminate the necessit) 
of post-cure for shortxycle moulded-goods applications.
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Neoprene (Polychloroprene) and 
Hypalon Rubber

INTRODUCTION

Neoprene or polychloroprene is a synthetic elastomer available in solid 
form, as a latex, or as a flexible from. It is vulcanised with metallic oxides 
rather thanwjthsulEtiiu:.- With a specific gravity of 1,23, it is resistant to oils, 
oxygen, ozone, corona discharge and electric cun-ent It is combustible but 
less so than natural rubber and an isocyante modified form has high flame 
resistance.

Its chief uses are as follows -
So//d-Mechanical rubber products, lining oil loading hose and reaction 

equipment; adhesive cement: binder for rocl<et fuels; coatings for electric 
wiring, gaskets and seals.

Liquid - Speciality items made by dipping or electrophoresi from the
latex.

Foam - Adhesive tape to replace metal fasteners for automotive 
accessories; seat cushions: carpet baci<ing sealant.

COMMERCIAL NEOPRENE (POLYCHLOROPRENE)

Emulsion polymerisation is used to make a number of variations of the 
product. Varieties are marketed both as solid polymers and as latices, but 
not all of them are readily available in all trading areas. The solid types vary 
over a wide viscosity range. In some instances, either non-staining or staining 
antioxidants are included at the time of manufacture. The characteristics of 
the new polymer and the vulcanisation of family are listed in Table 1 

Properties of Neoprene
IVIost neoprene compositions are made by selecting the base elastomer, 

adding a variety of ingredients, and then processing and vulcanising. The 
choice of the ingredients used affects the physical properties of the finished 
product. Because of the abundance of applicable ingredients, a wide variety



and o th e r su bs tra tes  B on d ing  is c a rrie d  o u t d u r in g  th e  v u lc a n is a t io n  process 
R ecom m ended  subs tra te  p repa ra tion  and a pp lica tio n  p ro c e d u re s  a re  provide 

by the  m a n u fa c tu re r 

Solution Characteristics
Certain acrylic elastomers also lend themselves to solvent-soiution 

coatings and adhesive applications. These dissolve readily in common 
industrial solvents such as methyl ethyl ketone, acetone, ethyl acetate, ana 
toluene. Polymer concentrations in the 30-40% total solids range are possibfe

Blends
The blend capability of acrylic elastomers is limited. However, certain 

conventional types can be utilised to reduce the cost of diamine curable 
fluorocarbon (FKf\^) compounds or to improve the heart-resistance ol 
epichlorohydrin (CO/ECO) compounds. In addition, modified low-T^ versions 
are believed to have potential as high-temperature resistant-impact improvers 
for poly (vinyl chloride), polycarbonate, and poly (phenylene oxide) plastic 
materials. Although not reported, the ethylene/acrylic type may also tiave 
interesting blend possibilities.
Future Developments

Although significant advances have been made in acrylic-cure 
technology, continued research is aimed at the development of more higlî  
reactive polymers and/or cure systems to completely eliminate the necessity 
of post-cure for short-cycle moulded-goods applications.
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Neoprene (Polychloroprene) and 
Hypalon Rubber

INTRODUCTION

Neoprene or polychloroprene is a synthetic elastomer available in solid 
form, as a latex, or as a flexible from. Itjg j/u lcanised with metallic oxides 
r jhe r than with sulfitiur. With a specific gravity of 1.23, it is re’sistin flo  oils, 
oxygen, ozone, corona discharge and electric current. It is combustible but 
less so than natural rubber and an isocyante modified form has high flame 
resistance.

Its chief uses are as follows -
So/(d-Mechanical rubber products, lining oil loading hose and reaction 

equipment; adhesive cement; binder for rocket fuels; coatings for electric 
wiring, gaskets and seals.

Liquid - Speciality items made by dipping or electrophoresi from the
latex.

Foam - Adhesive tape to replace metal fasteners for automotive 
accessories; seat cushions; carpet backing sealant.

COMMERCIAL NEOPRENE (POLYCHLOROPRENE)
Emulsion polymerisation is used to make a number of variations of the 

product. Varieties are marketed both as solid polymers and as latices, but 
not all of them are readily available in all trading areas. The solid types vary 
over a wide viscosity range. In some instances, either non-staining or staining 
antioxidants are included at the time of manufacture. The characteristics of 
the new polymer and the vulcanisation of family are listed in Table 1 

Properties o f Neoprene
Most neoprene compositions are made by selecting the base elastomer, 

adding a variety of ingredients, and then processing and vulcanising. The 
choice of the ingredients used affects the physical properties of the finished 
product. Because of the abundance of applicable ingredients, a wide variety



of compounds of different compositions and properties are available. The 
introduction of new synttietic rubbers has vastly increased ttie number of 
possible permutations and added to the complexity o f designing with an 
elastomer.

Consider the property called oil resistance. JjVhenan elastomeric product 
is exposed to a liquid hydrocarbon, several reac!ions take place. The most 
obvious and readily documented, is a change in dimensions. Less apparent, 
but frequently of much greater importance than swelling, is a deterioration of 
the orioinal ohvsical propertie^. If dimensional stability is functionally 
necessary, as in O-rings'ofTuBing, swelling would spell failure. In many 
applications, however, retention of original mechanical characteristics such 
as high tensile strength, resilience, and abrasion resistance in the swollen 
state is vital to long service life. For practical purposes, then, oil resistance is 
the ability of an elastomeric part to retain its utility in spite of contact with oil.

Properly compounded, neoprene resists sun, ozone, and weathering 
while remaining tough and durable. It is practical in cold environments to 
-25°C (-13T) and in heatto93°C (199T). Specifically formulated compositions 
permit service at temperatures as low as -55‘’C (-67°F). The flame resistance 
of neoprene products can be enhanced by special compounding.

Table 1 : Family characteristics of the neoprenes

G types W types

Limited storage 
stability
Peptisable to varying

Fast curing but safe 
processing
No accelerattors necessary

Best tear strength

Best flex 
Best resilience

Raw polymers
Excellent storage
stability
Not peptisable

Vulcanisates
Best compression-set
resistance
Best heat-ageing

Excellent storage 
stability 
Least nerve

Best extrusion 
calendering performance

Properties similar to W 
types

Crystallisationid ll ld c t l lU T I

Crystailinity is an inherent property of all polychloroprene rubbers but 
some of the neoprenes crystallise more readily and to a g re§^r e>ftent than 
others. An understanding of this predilection is essential to the understanding 
of polychloroprene technology



Neoprene, as .well as natural rubber, butyl, and other linear elastomers, 
becomes highly oriented upon being stretched and shows X-ray diffraction 
patterns that indicate varying degrees of crystallinity. The crystalline structure 
of neoprene is indicated by a sharp peak in diffraction intensity at the Bragg 
angle of 19°30'(As crystallisation develops, a small decrease in volume occurs, 
and stressed specimens tend to relax and elongate in the direction of the 
stress. Crystallisation does not take place at high temperatures because 
these forces (orientation) are overcome by vigorous molecular motion. 
Crystallisation rate and the incidence of favourable alignment is reduced. 
Anything that aids mobility of molecules at low temperatures actually 
encourages crystallisation at those temperatures. Crystallisation is a 
completely reversible phenomenon. Warming a crystallised specimen to a 
temperature above that at which the crystallites are formed destroys them, 
for example, an increasing molecular motion by vibrating or flexing causes 
decrystallisation. When neoprene is decrystallised, it returns to its original 
softness and flexibility and recovers from any relaxed condition that may 
have developed as a result of crystallisation under stress^

^Crystallisation, which is time-dependent, should not be confused with 
thermal stiffening and embrittlement effects, which occur at very low 
temperatures and are a function of temperature only. Neoprene, as do all 
elastomers, becomes progressively stiffer as it is cooled. This type of stiffening 
becomes evident just as soon as thennal equilibrium is established. An 
unplasticised neoprene compound, for example, will have an ASTM D-749 
brittleness temperature of about -40°C for both crystallised and uncrystaliised 
vulcanisates.

The practical aspects of crystallisation are seen in the hardness of the 
raw polymer in the bag and the “quick grab" and high cohesive strength of a 
neoprene adhesive. Other evidences are the stiffening of an unvulcanised 
compound that has been in shelf storage for a week or two and the hardening 
of a vulcanised part with time at moderately low temperatures.

It would be a good idea to show a comparison of the relative crystallisation 
rates of the various neoprenes. Dry neoprenes are produced with widely different 
crystallisation rates so that crystallisation can be avoided if it might be a 
liability in a product or exploited if it might be an advantage. Uncompounded 
polymer crystallises faster than its vulcanisate. The relative crystallisation 
rates of the neoprenes are presented in Table 2, This table is based upon 
room-temperature observations important to adhesives. It should be noted, 
however, that maximum crystallisation occurs at -10°C.

,/Special-purpose Solid Types 
' The special-purpose types of neoprene — AC, AD, AF, AG, and AB - 
/are designed primarily for a particular application (e.g., adhesives, coatings,



sealants). Neoprene AC, AD. and ADG have a high degree of crystaliinitv 
whereas Neoprene AF has a low degree of crystallinity. None contains a 
staining type of stabiliser

Table 2 : Room -tem perature  c ry s ta llis a tio n  ra tes  (m ea su rem en ts  made on 
fre s h ly *m ille d  p o lym e r)

R!ati\« time Neoprene '

Hocrs AD, AC. ADG
Upto 3 days W.TW
Uuto 7 days FB. GN, GNA.WX
One or two weeks AF
More than Jwo GW, GRT WRT, WD. AG. WB. WK,
weeks TRT

Toluene is a satisfactory solvent for dissolving AC or AD With AF, 
some polar sovlent should be used with toluene to increase polymer-solution 
stability.

Neoprene AC is a sol polymer that crystallises rapidly The viscosities 
of AC and its solutions change very little during storage, Low-viscosity grades 
readily go into solution without milling.

Neoprene AD is a readily crystallising so! polymer with solubility 
characteristics similar to those of AC. Colour stability and solution stability 
are superior to those of AC, even when stored in metal containers.

N e^rene AF, which contains small amounts of carboxyl functionality 
B essentially a non-crystallising polymer designed for one-part adhesives 

^  adhesives rapidly develop high room temperature or elevated
Dona stmngtlis Adhesive solutions made with AF are resistant to phasing

^  polymer of high gel content, exhibits
“  dispersed insoh/ents It is very suited for h.gf 

f easy extRidabilrty and
adhesNes prepared from AG not only 

than those based on other neoprene polyinefs but offer the 
GeneraiK/ fequifed for many contact adhesive applications
^  /  peaking, a g  can be formuiated n  the same fashior as AC and

t *  < n s c S ^ c r y s t ^ i n e  soM at room temperature M

a w x  •«8‘̂ na<#»s.vesandc3uksandasa™*v«jfetiie v u te a .^



plasticiser for other neoprenes. It dissolves readily in aromatic hydrocarbons, 
chlorinated hydrocarbons, or iow-moleculer-weight ketones and esters.

COMPOUNDING DRY NEOPRENES

As indicated earlier the key to the all-around performance of neoprene 
products in a variety of services lies in the words “properly compounded”. 
Once the service requirements have been documented, the compounder is 
free to take over, but with his freedom of choice subject to the limitations of 
process requirements and economics, of course.

Compound development logically begins with the selection of the type 
of neoprene that best provides the required physical properties within the 
applicable cost and processing limits. The response of all general-purpose 
types to compounding ingredients is similar Cornpounding of the G types, 
however, differs from that of the W and T types in three ways.

i. They can be softened by the addition of chemical peptisers.
ii. They soften under mechanical shear and may, therefore, need less 

plasticiser to prepare compounds in a workable viscosity range.

iii. They can be used with metal oxides alone; organic accelerators are 
not required.

By peptising, the compounder can achieve workable compound viscosity 
at high filler loading without the reduction in vulcanisate hardness and strength 
that usually occurs when additional plasticisers are used to lower compound 
viscosity.

Minimum requirements for a practical compound include antioxidant, 
metallic oxide, filler or reinforcing agent, processing aid, and vulcanising 
system. Optional ingredients may include antiozonants, retarders, extenders, 
plastics or resirvs, other elastomers, and blowing agents.

Curing Systems
Curatives for neoprene are limited by the ingenuity of the compounders, 

the processing and end user requirements, and economics.
Metal oxides are an essential part of the curing system. They regulate 

scorch, cure rate, and cure state: in addition, they serve as acid acceptors 
for trace amounts of hydrogen chloride that are released from the polymer 
during processing, curing, and vukanisate ageing. Combiinations of magnesiu 
oxide and zinc oxide produce the best balance of processability, cure rate, 
and vulcanisate performance. With the G types, the relationship between 
“lese properties is markedly affected by the amounts of MgO and ZnO used 
Similar effects are noted in the W and T types, but to a much lesser degree 
t^oause of the pronoitnced influence of the accelerator.

For improved resistance to swell and deterioration by water, an oxide of 
lead may be used in place of the magnesia/zinc oxide combinatran. Red ted



(Pb O ) is the preferred oxide. Using lead oxide results in a sacrifice in 
colourability, tensile strength, compression set resistance, and heat resistance 
compared to the strength, compression set resistance, and heat resistance 
compared to the characteristics offered by MgO/ZnO combination. It Is nnore 
expensive usually.

The oxides of other metals are either impractical to use or exert no 
appreciable influence on the curing characteristics. Calcium oxide is 
sometimes used as a desicoant to facilitate vacuum-extrusion and, witli 
Permalux accelaration, to control scorch. Iron oxide (Fe^Oj) and titanium 
dioxide (TiOj) are often used for their tinctorial properties in coloured stocks

The grade of magnesia used in neoprene compounds is important to 
the processing and properties of the finished product. The grade of magnesia 
used has two characteristics.

i. It is precipitated (not ground) and calcined after precipitation.
ii. It is very active, having a high ratio of surface to volume.
Types of zinc oxide that have fine particle size and high surface area 

are preferred. This ingredient should be added late in the mix cycie to avoid 
scorch, with appropriate care exercised to insure good dispersion. Incomplete 
dispersion results in localised overcure and inferior physical properties 
Because of the importance of good dispersion, of the protection of magnesia 
from the effect of moisture contamination, and of the economics of reduced 
mixing cycles, predispersed forms of the various metallic oxides are available 
from many suppliers.

For practical cure rate and vulcanisate properties, an organic accelerator 
is required in addition to metal oxides for the W and T types of neoprene. 
Amines, phenols, sulphenamides, thiazoles, thiurams, thioureas, guanidines, 
and sulphur are the common accelerators and/or curing agents. The curing 
mechanism for organic curing agents other than thioureas has been reviewed. 
Sulphur, vulcanisation is probably similar to that of natural rubber or of 
copolymers containing butadiene. Thiourea accelerators, particularly ethylene 
thiourea, have for many years been the accelerators of choice for a broad 
range of applications. Characteristics of thiourea acceleration, information 
on the potential toxicity of ethylene thiourea, and suggested handling 
precautions for it, as well as alternatives to ETU, are covered in detail in the 
literature elsewhere. Today, ETU Is the single most popular accelerator 
Antioxidants

Antioxidants are essential in all neoprene compounds for good ageing 
vulcanisates. Those commonly used in other elastomers usually behave 
similarly in neoprene.



Processing Aids
Processing aids include lubricants, tackifers, and agents for controlling 

viscosity and nerve. Stearic acid, microcrystalline waxes, and low-molecular- 
jjieight polyethylenes make good lubricants. Hydrogenated rosin esters and 
coumarone-indene resins are preferred as tackifiers. Viscosity modification 
may be actiieved in eittier direction. Dittiiocarbimates and guanidines peptise 
(soften) the G types. Increased viscosity is best obtained by blending the 
neoprene with a high-molecular-weight neoprene WHV. Decreased viscosity 
is achieved by using plasticisers or blending with the low-molecular-weight 
neoprene FB. Nerve may be reduced for smooth extrusion and calendering 
by blending with neoprene WB, employing high structure carbon black or 
hard clay as fillers.
Fillers

The effects of carbon blacks and mineral fillers on the processing and 
vulcanisate properties of neoprene are generally similar to their effects on 
other elastomers, with the possible exception that reinforcing fillers are of 
less importance. Like natural rubber and other polymers with pronounced 
crystallisation tendencies, neoprene gum vulcanisates have high tensile 
strength. The need for reinforcement, therefore, is less for such elastomers 
as SBR, butyl rubber, and nitrile rubber Practical vulcanisates are obtained 
for the majority of uses by filling (“loading") with the soft, relatively non­
reinforcing thermal type of carbon blacks (MT and FT) or with clays and fine- 
particle calcium carbonate. These fillers are not only relatively inexpensive 
but afford extra economy because they may be added in greater amounts 
than more reinforcing fillers for a given hardness. If the superior physical 
properties ordinarily associated with higher tensile strength are required, SRF 
blacks are usually used. Carbon blacks of finer particle size - either furnace 
or channel black - are used as a rule only when the ultimte in certain properties 
such as abrasion and tear resistance is required.

Of the fillers other than carbon black, clays are usually preferred for 
good processing and overall vulcanisate quality. Whitings, especially coarse 
ones, provide poor vulcanisates that weather badly. Whitings of finer particle 
size, however, are used to provide vulcanisates with superior resistance to 
heat ageing. Hydrated calcium silicate and precipitated silicon-dioxide fillers 
of fine particle size give neoprene vulcanisates remarkably high tensile 
strength, hot tear resistance, and abrasion resistance, but impaired dynamic 
properties.
Plasticisers

The plasticisers and softeners most often used in neoprene are low- 
cost petroleum derivatives. Amount ranging from 10 to 20% by weight of the 
filler loading are usually required for processing reasons alone. The W types



require more than the G types. When the total amount of petroleum plasticiser 
fails to exceed 20-25 parts per 100 of neoprene, naphthenic oils may be 
used. These have the advantage over aromatic oils of not darkening light- 
coloured vulcanisates of staining contacting surfaces. When platicising oils 
are used in greater amounts in order to produce very soft vulcanisates or to 
accommodate the high amounts of filler used in low-cost compounds, aromatic 
oils are recommended to insure compatibility.

Petroleum plasticisers seldom improve the flexibility of a vulcanisate at 
low temperature. Dioctyl sebacate is excellent for this purpose, although 
many other organic chemicals, mostly high-molecuiar-weight esters, are widely 
used.

PROCESSING DRY NEOPERENES
The methods for processing neoprene reflect the principles common to 

the processing of most elastomers, but some peculiarities bear mention. 
Mixing

With few exceptions, neoprene compounds should be mixed at as low 
a temperature and with as short a cycle as possible. This handling minimises 
the danger of scorch and is especially important with the G types, which are 
likely to give soft and sticky stocks on over-mastication. Omission of both 
zinc oxide and accelerators until late in the mixing cycle is also necessaiy 
to avoid scorching. Magnesia should be added eariy, if possible, with the 
neoprene.

Calendering and Extrusion
Calendering of neoprene stocks demands more critical control than 

other processing operations, particulariy of the G types, which are very 
temperature sensitive and perform best below 70°C. The W types are usually 
calendered with slightly hotter rolls because they release more easily and 
require a higher temperature to avoid shrinkage. The three states of neoprene 
(elastic, granular, and plastic) are most apparent in calendering, especially 
with stocks of low loading. In the elastic phase, the sheet will shrini< and 
become rough on release but may be fairly smooth on the roll. The granular 
phase is self-descriptive, and the sheet is relatively free from nerve. In the 
plastic phase, it is glossy smooth, weak, and nerve-free. The temperature at 
which phase changes occur varies with the type of neoprene, the phase 
change from elastic to granular ranging from 60°C in the case of type WRT to 
70°C for type GN. The plastic phase exists at about 93‘ C for all neoprenes

For frictioning, the plasticisable, crystallisation-resistant neoprene GRT 
is recommended Best results are obtained using prewarmed fabric, a top 
roll temperature of 93°C or above, a centre roll at 65°C-82°C. and a bottom 
roll at room temperature to 65°C, depending on the weave.



Most neoprene compounds extrude best with a cool barrel and screw
aw am ihead .andahotd ie .

Ttiese are the major variations in the processing of neoprene that differ 
from the normal routines followed with other elastomers.

a p p l ic a t io n s  o f  n e o p r e n e

Some of the most important uses are in adhesives, the transportation 
industry, the energy industry, the construction industry, wire and cable, hose, 
belting, and consumer products.
Adhesives

Neoprene-based adhesives are available both in fluid and dry-film forni. 
The fluid types are classed as -

i. Solvent
ii. Latex
Hi. 100%-solids compositions.

Solvent adhesives consist of the neoprene polymer and suitable 
compounding ingredients dissolved in an organic solvent or combination of 
solvents (toluene, ethyl acetate, naphtha, methyl ethyl ketone). Latex 
adhesives are composed of particles of neoprene and compounding ingredients 
dispersed in water Both solvent and latex types are normally supplied in 
ready-to-use “one-part” adhesive systems. When specified, "two-parts" 
adhesive systems can also be produced to meet specific end-use 
requirements. Solvent and latex neoprene adhesives achieve their bonds 
through evaporation ofthefluidand subsequent crystallisation and curing of 
the elastomeric residue.

Solid adhesives, on the other hand, are based on fluid neoprene polymers 
and contain neither solvent nor water. Adhesives of this type are normally the 
choice in speciality applications where fluidity is required, yet where volatile 
loss or shrinkage cannot be tolerated. They possess little "green” strength 
and usually require application of either heat or catalytic agent to develop an 
adhesive bond.

Dry-film adhesives based on neoprene are 100%-solids materials 
normally supplied in the form of a tape or sheeting. This type of adhesive is 
compounded so that it softens when heated. Cooling then resolidifies the 
material and forms the adhesive bond.

Neoprene adhesives are made in a range of consistencies, i.e., from 
''sry thin liquids through heavy-bodied "putties" to dry films. These adhesives 
Mn be controlled to offer a wide range of properties, for example, tack, open 

stability, bond-development, flexibility and strength, heal 
Id cold resistance, and all of the basic characteristics of polychloroprene



polymers. The most significant ingredient in a neoprene adhesive, apart from 
the polymer, is the resin. Various types of resin are used in order to enhance 
specific adhesion, improve cohesive strength and hot bond strength, or to 
impart better tack retention. Resins are usually compounded at a level of 25- 
60 phr and are rarely added above 100 phr. The most commonly used resin 
types are alkyl phenolic resins, terpene phenolic resins, hydrogenated resin 
and rosin esters, coumaroneindene resins, and hydrocarbon resins such as 
poly (x-n’ ethyl styrene).
Trasportation

In the automotive field, neoprene islhe base elastomer for a variety of 
components such as V-belts; timing belts; blown sponge gaskets for door, 
deck, and trunk: spark plug boots; power brake bellows; radiator hoses; 
steering and suspension joint seals; type sidewalls: ignition wire jackets, 
and many other items. In aviation, neoprene is used in mountings, wire and 
cable jackets, gaskets, seals, deicers, etc. In railroading, it is used in track 
mountings, car body mountings, air brake hoses, flexible car connectors, 
freight-car interior linings, journal box lubricators, and so forth. All of these 
uses require physical strength, compression set, resilience, fluid, weatlier, 
and temperature degradation resistance.
Energy Industry

A durble oil-resistant neoprene rubber has a multitude of uses in the 
exploration, production, and distribution of petroleum, such as packers 
pipeline “pigs", seals, gaskets, hose, coated fabrics, wire and cable, and so 
forth.
Construction industry

This application arena, while not new, is now gaining in popularity 
Outstanding items are extruded window-wall sealing gaskets, calendered 
sheeting for membrane waterproofing, flashing and roof covering, highway 
joint seals,' bridge mounting pads, soil pipe gaskets, sound and vibration 
isolation pads, etc. Neoprene-modified asphalt is gaining acceptance in roads, 
parking lots, and airport runways. Proven serviceability and economic 
acceptability account for this growth.
Wire and Cable

Practically the oldest use of neoprene is as a jacket for electrical 
conductors (low and high voltages). Its superior resistance to abrasion, oil. 
flame, weather, and ageing over natural rubber accounts for its broad 
acceptance.
Hose

Neoprene hose has been made almost continuously for a long time and 
is used in the cover, cushion, and tube compounds. All types of hose are 
involved.



Belts
Maximum durability in service climates requiring a range of temperature

flex resistance makes neoprene the polymer of choice for belting 
^  plications include V-beits, power-transnnission belts, conveyor belts, and
escalator hand rails.
Consumer Products

Sponge shoe soles made of closed-cell neoprene combine cushioned 
comfort with long wear. Neoprene latex foam has played a critical role in 
matterss and cushioning fire safety, offering an added margin of improved 
flame-protection and low smoke institutional furnishings.

n e o p r e n e  L A T E X

Neoprene latices are aqueous, colloidal dispersions of polychloroprene 
or of copolymers of chloroprene and other monomers such as methacrytic 
acid or 2,3 dichloro-1, 3-butadiene. They are available in both anionic and 
non-ionic surfactant systems.

A variety of articles, particularly those that are relatively thin or of 
complicated shape, are more easily made from latex than from dry neoprene. 
An example would be neoprene household and industrial gloves, which are 
readily made from latex. Also, the production of neoprene balloons from dry 
neoprene would be difficult. Other major applications include latex-based 
adhesives, protective coatings, binder for cellulose and other fibres, and 
elasticising additive for concrete, mortar, and asphalt.

As with dry neoprene, the neoprene latex must be compounded with 
other materials to be converted into useful products. Some of these materials 
are mandatory for optimum performance, whereas others are optional. In 
some cases, a more expensive type of neoprene latex may actually provide 
greater value-in-use to the user because it can accommodate more additives 
or because its inherent strength eliminates the need for curing. The 
characteristics of many neoprene latices are given in Table 3.

End-use performance, processing, and economics usually dictate the 
choice of neoprene latex type. Included in processing are the cost of storage 
and handling, coagulation and drying rates, curing time, and production 
yield. Usually cost can be minimised by maintaining low compound viscosity 
at the highest practical solids content.

CO M P O U N D IN G  N E O P R E N E  L A T IC E S

All neoprene latex compounds must contain a metal oxide and an 
effective antioxidant. Metal oxides function in several v/ays. They serve to 
''ulcanise tlie polymer; they make it more resistant to ageing, heat, and 
'"eathering; and they act as acid acceptors. Zinc oxide has proven to be the
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most desirable of these oxides from both processing and film-property 
^andpoints The presence of a good antioxidant in neoprene ,s as important 
as rr^etai oxide Both are necessary to bnng out the inherently good ageing 
properties of the neoprene and. as a general rule it is recommended that 
neoprene latex compounds contain at least 5 phr of zinc oxide and 2 phrof 
an antioxidant.

Accelerators are used to in c re a se ^ra te  o^cure and to enhanc^tfie 
physi£ir?r^perties of neoprene. T ^ e  aatiraonHthiocarbaniFde to neoprene 
la tL  produces polymers with high modulus. Where tensile strength ,s of 
pnmaly importance, the use of both tetraethylthiuram disulphrie and a water 
solution of sodium dibutyldithiocarbamate is recommended. This combination 
imparts outstndingly high tensile strength with little increase in modulus. 
Other accelerators commonly used in neoprene lafices are zinc 
dibutyldithiocarbamate and di-o-tolyguanidine.

Mineral oils and light process oils are used as plasticisers and to 
improve the "hand" in neoprene latex. Petroleum-based plasticisers have been 
found most effective as crystallisation inhibitors, and ester-type plasticisers 
are employed to improve the low-temperature seiviceability of the product 
Three to ten phr are usually used.

Fillers such as clay, whiting, titanium dioxide, carbon black, hydrated 
alumina, and fine silicas can be used to impart specific properties to the 
neoprene or to act as low-cost diluents. Loadings vary from as little as 10 phr 
in dipped goods to several hundred parts in adhesives and coatings.

Anionic, non-ionic, and amphoteric surfactants are used as both shear 
and chemical stabilisers in the preparation of neoprene latex compounds. 
Usually 0.1-1 phr is sufficient in most applications to produce the necessary 
processing stability.

Thickeners are more often needed with neoprene latex compounds than 
with natural-rubber latex because the viscosity of neoprene latex at a given 
solids content is less than that of natural rubber latex Both natural and 
synthetic gums are excellent thickeners for neoprene latex. If it is necessary 
to decrease the viscosity of neoprene latex compositions, they can be diluted 
with de-ionised or distilled water.
Processing Neoprene Latices

The manufacture of articles from both neoprene and natural rubber latex 
is similar, and the processes used with natural njbber are adaptable in most 
instances for use with neoprene. Exceptions exist, however, the most important 
being that of cure. Neoprene has the advantage of not procuring or aftercuring, 
but in order to obtain the optimum physical properties, neoprene films must 
be cured at temperatures above 100°C and preferably in the range of 120-140 C



-rue general techniques suggested for good aibber iatex compounding 
n r o c e d u r e s  also hold for neoprene latex. Rne-particle-size dispersions and 
e m u ls io n s ,  compounding pH above 10.5, and t h e '  use of de-ionised or distilled 
^ te r in preparing all ingredients are all recommended for processing unifomiity.
product Safety

For all the solid polymers, however, routine industrial hygiene practices 
are recom mended during handling and processing to avoid such conditions 
as dust build-up or static charges.

Neoprene latices similarly have a very lovir order of oral toxicity. Since 
most are strongly alkaline, however, they may cause burns if they come in 
contact with eyes or skin. Volatile organic materials in neoprene latices include 
chloroprene monomers, toluene and butadiene.

Compounding ingredients used with neoprene to prepare finished 
products may present hazards in handling and use. Before proceeding with 
any compounding work, consult and follow label directions and handling 
precautions from suppliers of all ingredients.

HYPALON (CHLOROSULPHONATED POLYETHYLENE)

These are olefin based rubbei's in the form of white chips, having specific 
gravity 1.10-1.28. These are resistant to ozone, as well as the weather, being 
better than neoprene and butyl rubber in this respect. These are also resistant 
to oil. solvents, chemicals and abrasion.

When polyethylene is treated with a mixture of chlorine and sulphur 
dioxide, some chlorine atoms are substituted on the chains and some 
sulphonyl chloride group (— SOjCI) are formed. A typical polymer contains 
25-30% chlorine (one chlorine for every seven carbon atoms) and about 1.5% 
sulphur (one—SO^CI for every 90 carbon atoms). This elastomer can be 
cross-linked by a large variety of compounds including many rubber 
accelerators.

The material is poor in snap and rebound and has low elongation and 
some permanent set. Its abrasion resistance, flex life, low temperature 
brittleness, and resistance to crack growth are good.

This elastomer is widely used in insulation for wire and cablts, shoe 
soles and neels, automotive components, building products, coatings, flexible 
tubes, and hose seals, gaskets, diaphragms. 'Hypalon' 45 can accept large 
3'Tiount of fillers and is used as a binder for powdered metal to produce 
magnetic gaskets for doors, and sheet goods for X-ray burners.

Pr o c ess  o f  m a n u f a c t u r e

The process for its manufacture involves ttie simultaneous chlorination 
 ̂ ^^lorosulphonation of polyethylene in solution. HYPALON, as a
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irregularity to prevent crystallisation in the relaxed State.

The crvstallinity of the polyethylene chain can also be eliminated by an 
a l t e r n l S v e  method of introducing molecular irregularity - by copolymer«g 
the ethylene with propylene. The process is used in the manufacture of EPDM 
polyolefin elastomers.

Gum vulcanisates of non-crystalline grades of EPDM and CSM are 
compared in Table 4 CMS vulcanisates are seen to have better oil and flame 
S a n c e  and as indicated by the substantial difference in their tensile 
strTnqths bette'r all around mechanical toughness. The chlorine atoms on 
the polyethylene back-bone not only provide elastomenc properties, but also 
q i v e  u s e f u l  improvement in oil resistance and flame resistance. The sulphonyl 
Chloride groups provide crosslinktng sites for the non-peroxide curing 
processes.

Table 4 : S-cured elastomers w ith a saturated hydrocarbon backbone

EPDM CSM

Oj, 0 , resistance Excellent Excellent

colour stability Excellent Excellent

Gum strengtti, psi 500 5000

oi! resistance Poor Fair-good

Heal resistance Very good Very good

Flame resistance Poor Good

LoW'temperature properties Excellent Fair-excellent

The sulphur content of most grades of HYPALON is maintained at 1 /•
by w e igh t on the polymer. The chlorine content varies between the i 6
grades and has a significant effect on the oil resistance of the polymer 

Many other properties of compounds and vulcanisates of .5
are affected by chlorine content, besides oil resistance. At jgi
the polymers retain some polyethylene-link characteristics - they are 
and stiffer because they are partially crystalline; they also show good elec



grties good heat resistance, and good low-temperature flexibility. With 
^ c r e a s in g  chlorine, the compounds and vulcanisates get increasingly rubbery 
but then at higher chlorine levels again become stiffer, because of increasing 
aiass transition temperature. The high-chlorine grades are characterised by 
^eir excellent oil resistance and good flame resistance.
Grades of Hypalon

All grades are produced in the form of irregular creamy-white chips with 
excellent storage stability and no odour All grades show certain properties 
that are characteristic of CSI^ elastomers in general. Their vulcanisates are 
tough, colourable, weather-resistant, and show excellent resistance to attacl< 
by oxygen and ozone.

h y p a lo n  20, formerly used for the manufacture of moulded and 
extruded goods, is now used mainly in coatings applications to give curable 
rubbery films with good low-temperature flexibility. Its principal coatings 
applications are for roof coatings and the manufacture of tarpaulins, but it is 
also used in caulks and adhesives.

HYPALON 30 is also used mostly for coatings. It gives solutions of 
much lower viscosity than HYPALON 20. Its higher chlorine content gives its 
coatings a dryer, slicker feel than ones from HYPALON 20, and a better oil 
and flame resistance. Low-temperature properties are not as good as those 
for HYPALON 20, however.

LD-999 can be considered a low-viscosity analogue of HYPALON 40 
and is used mostly in the extrusion of wire and cable jackets. It is also used 
as blending elastomer to reduce the viscosity of hose compounds from 
HYPALON 48 and 48S.

HAPALON 40 AND 40S are 35% chlorine, medium-viscosity elastomers 
having good heat and oil resistance. Compounds from these grades have 
good extrusion characteristics. Major applications are in hose construction, 
wire and cable coverings, industrial rolls, and automotive spark-plug boots.

HAPALON 4085 is similar to HYPALON 40, but is useful where higher 
green strength or better vulcanisate properties are required.

h y p a l o n  45 and its low-viscosity analogue HYPALON 623 are 
semicrystalline polymers that have useful physical properties in the uncured 
state. Their main uses are in pond liners and in roofing membranes. A smaller 
but growing application is in vulcanised wire covering with very good electrical 
properties, excellent heat-ageing resistance, and good low-temperature 
flexibility.

h y p a lo n  48 and its lower-viscosity analogue HYPALON 48S have a 
^igh-chlorine content and show excellent oil resistance, including a very low 
permeability to refrigerants. Their principal use is in the manufacture of



betteT re s isL ce  to low-temperature brittleness while providing the same 
low-friction property to the dry film.
Com pounding Ingredients

A tvDical v u l c a n i s a b l e  compound is made up of the components listed 
in Table b Components of the curing systems are considered to be botti the 
acid acceptor and is activator as well as the vulcanising agent and its 
accelerator These will be descnbed first because the curing of HYPALON 
involves substantially different chemistry from other elastomers.

Table 5 : A typical CSM com pound

Ingredient Function phr

1 . HYPALON 40 (36% Cl) Polymer 100

2 . Magnesia Acid acceptor 4

3. Pentaerythntol Activator for 2 3

4, Hard clay Filter 80

5. Aromatic oil Plasticiser 25

6. Paraffin wax Process aid 3

7. Sulphur Vulcanising agent 1

8, Tetramethylthiuram disulphide Accelerator for 7 2

Acid Acceptor/Activator
The choice of acid acceptor will depend o n  t h e  vulcanising agent used 

and the functional requirements of the vulcanisate. The main functions of an 
acid acceptor are to act as a heat stabiliser, to absorb acid by-products ol 
the curing reaction, and to maintain sufficient alkalinity to allow effective 
curing reactions to proceed.

Note that zinc oxide Is excluded from this list because its reactio" 
product, zinc chloride, causes polymer degradation on heat-ageing or na ur 
weathering. For the same reason, other zinc-containing additives should a 
tie excluded.

The activator increases the effectiveness of the acid acceptor 
by solubilising it in the polymer Adding an activator allows a substan 
reduction in the amount of acid acceptor needed and this, in addition 
cost saving leads to lower-viscosity, safer processing stocks.



Fillers
carbon black is the preferred filler for CSM vulcanisates because it 

aives best reinforcement of pliysical properties and best resistance to 
fiemical degradation, to compression set, and to water absorption. SRF 

Jarbon black gives a good balance of properties and is widely used as a 
nererai-purpose filler. Weathering of CSM with as little as three parts of 
carbon black as a protective pigments is outstanding.

Mineral fillers are often used to take advantage of CSM's non-discolouring 
characteristics. Best heat resistance is obtained with whiting or black fixe; 
best electrical properties and very good water resistance are obtained with 
calcined clay; and hydrated silicas and alumina are preferred for improved 
flammability performance. When compounded with suitable protective 
pigments, non-black CSM compositions show excellent long-term weathering 
performance.
Plasticisers

Aromatic petroleum oils are widely used as plasticisers primarlily 
because of their low cost. Ester plasticisers give compounds that are light in 
colour, with good low-temperature properties, while liquid chlorinated paraffins 
give vulcanisates with good flammability performance and weatherability. 
Polymeric plasticisers are less volatile than the other types and are preferred 
for heat-resistant compounds.

Processing Aids

Stearic acid and stearates are effective release agents but should not 
be used in litharge-containing compound in which they reduce scorch safety. 
Zinc stearate should be avoided in compounds designed for heat resistance 
or v^eatherability. Stearic acid should also be avoided in maleimide cure 
because of cure retardation.

Paraffin wax, poly (ethylene glycol) and low-molecular-weight 
polyethylene, separately or in combination, are all effective process aids for 
CSM that do not affect scorch safety in litharge-containing compounds, or 
the effectiveness of maleimide cures.
Curatives

Many types of curing processes are available with CSM elastomers 
and some are effective regardless of the level of chlorine in the elastomer and 

discussed hereunder.
Ionic Cures

Ionic cures of CSM are possible when the acid acceptor is a divalent
6 ai oxide. Ionic cures are characterised by their ability to proceed at low 

swperatures, by the fact that they are accelerated by moisture, and by the 
''fiopment of a high modulus. Ionic cross-linking is responsible for the



limited bin stability of CSM compounds when they contain divalent metal 
o T i "  acceptors and are stored under humid conditions.

The ability of HYPALON to cure under mild ambient conditions is useful 
for both pond liners and roofing membranes. It allows a sheeting that is 
readily bendable to itself, by means of solvent -  or heat-welding to be putin 
ptece and then to slowly cure as a result of exposure to ambient conditions

Covalent Cures
CSM is also capable of undergoing covalent cross-linking, and most 

aoDlications for CSM make use of this type of curing. Three different systems 
a re  commonly used -  sulphur cures, which give the widest choice of 
compounding ingredients; peroxide cures, which are non-discolounng and 
give good heat and compression-set resistance; and maleimide cures, which 
also give good heat and compression-set resistance, but which are less 
sensitive to the type of compounding ingredient. Covalent cunng systems 
rely on a cross-linking agent and one or more accelerators for their curing 
action.
Sulphur Cures

A recipe for a typical sulphur cure is shown in Table 5. Sulphur-based 
cures are very versatile and are practical for all types of moulding and extaision 
processes. They allow high states of cure to be achieved even in low-cost, 
highly extended compounds.

Vulcanisates with properties of both covalent and ionic cross-linking 
resuit from the low-temperature moisture curing of a compound such as shown 
in Table 6. Practical cures can also be achieved in hot water Although ttie 
cure rate is slow, it is very convenient since it allows wire insulation to cure 
while the wire is on the reel. Typically, insulation is cured in this way by 
standing the reels in a steam room or immersing them in a tank of hot water 
For a comparison, it would take about 20 hours in a press at 100°C to achieve 
the state of cure obtained with 2 hours in steam at 100°C.

Peroxide Cures
CSM is readily cured with a peroxide. Frequently, a cure promotor siicH 

as triallyi cyanurate is added to improve the effectiveness of th e  peroxide.  ̂
acid acceptor must also be added. Compounds to be cured with peroxi e. 
can contain low levels (e.g., upto 40 phr) of fully-staturated plasticisers, hig e 
levels will cause progressive cure retardation. Chlorinated paraffins are 
and ester plasticisers are less satisfactory, but adequate. Aromatic proce > 
oils will drastically retard the cure.
Maleimide Cures

(N, N'-m-phenylenedimaleimide) is a primary curing agent for 
. Maleimide cures also require the presence of calcium hydroxide as an



tor and the antioxidant VANOX AT (a butyraldehyde-amine condensation 
duct) as an accelerator. Maleimide cures are very safe and 

’’haracteristically produce good water resistance and excellent resistance to 
mcression set and to heat ageing. Unlike peroxide cures, maleimide cures 

re relatively insensitive to type and proportion of plastlciser. Although the 
m a le im id e  cure system is deactivated by moisture, it is effective in high- 
pressure steam; some cure retardation may be seen in low-pressure steam 
cures, however

Table 6 : Low -tem pera tu re  m o is tu re  cure o f CSM

h y p a l o n  40 100

Magnesia 10

Pentaerythritol 3

Mineral fillers 100

Plasticisers 35

TETRONEA 2

S tress /s tra in  p rope rties* o f 0.64 mm (.025 In) slabs 

Cured in steam, 2 hrs/WO’ C (212*F)

100% modulus MPa(psi) 8.2(1190)

Tensile strengtii MPa(psi) 16.7 (2420)

Elongatio.T at break % 400

•Samples tested after drying in a desiccator.

Special Additives
Nickel dibutyl dithiocarbamate (NBC), a drak-green powder, is widely 

used with CSM to improve the heat resistance of black or dark-coloured 
compounds. Upto 3 parts of NBC are added in sulphur-cured compounds 
based on mixed metal oxides. The addition of NBC reduces scorch safety. 
Also, NBC is not effective in peroxide cures.

Other additives include low-melting thermoplastic polymers such as 
PVC copolymers and high styrene resins, which may be added to CSM to 
prevent contact-sticking and distortion of wire covering while it is being cured 
Of the reel in steam or hot water.
Mixing

All elastomers will soften as their temperature rises while being worked 
w  processing equipment. This softening effect is somewhat greater for CSM 
'"an for most other elastomers However, it Is entirely thennal and reversible 
so that a CSM stock that is warmed up on a mill and then allowed to cool



back to room temperature will regain its former stiffnerss. This means that 
CSM compounds can be reworked wittiout significant change in processing 
behaviour, as long as scorch is not a factor.

M ill-M ix in g
CSM compounds are easily mixed on conventional mills. Because of 

lonaer heat exposure, mill-mixed compounds are likely to be scorchier than 
those mixed in internal mixers. Cold water should be used on the mHI except 
when processing the more thermoplastic grades, such as HYPALON 45 and 
623 which require a mill temperature of around 70”C, A typical mill-mixing 
time for a normal CSM batch would be about 25 minutes, depending on the 
type and amount of fillers and plasticisers used.

In te rna l M ixing
Internal mixing is the most cost-efficient volume system for producing 

well mixed CSM compounds. Short mix cycles are preferable due to the 
need to minimise the heat history of the batch.

The preferred mix procedures generally use upside-dovm mixing without 
premastication of the polymer, and as high a ram pressure as practical. Load 
factors varying from 0.55-0.80 are normal, with the higher load factor being 
used for the lower-viscosity stocks. Typical ram-down times will be 1 -1/2 to
3-1/2 minutes.

Production compounds can generally be made on a single-pass mix 
cycle, but if processing safety is marginal, a tow-pass mix procedure may be 
needed. Dump temperature should be around 121 °C (250°F) if no sulphur 
curatives are included, and around 107°C (225°F) when sulphur curatives are 
added.

PROCESSING
Moulding

CSM compounds are successfully processed by compression, transfer, 
or injection moulding. In these processes, where reproducibility of flow of the 
compound is important, steps should be taken to compound for good bin 
stability, to mix so as to minimise scorch, to store the mixed com pound 
under cool, dry conditions, and to rotate the inventory so that c o m p o u n d s  to 
be moulded have a similar storage history.

Due to the marked thermoplasticity of CSM compounds, multicavity 
transfer and injection moulds require carefully balanced runner systems and 
similar flow restrictions for the gates, so that uniform filing of all cavities is 
achieved.
Extrusion

CSM compounds can be processed in standard hot- or cold-feed r u b b w  

extruders. The compounds are normally fed in strip form. In general, CS



oounds require little work to attain physical uniformity and very-low- 
‘^°mDression-ratio screws are usually adequate. Die L/D ratios of 1/1 are 
^mmon, with stock tennperatures of around 120”C at the die.

E xru de d  parts can be cured in zero-pressure steam, hot-air ovens,
I ru  flu id ise d  bed, CV, and by microwave. Curing with ionising radiation is
also effective for CSM.

Calendering

Substantial amounts of CSM are used in calendering operations. 
Compounds from the intermediate chlorine grades, for example, HYPALON 
40 are calendered at 60-100°C (140-212°F) onto a fabric with, normally, 
uneven roll speeds on the calender and usually with the top roll slightly hotter 
than the middle roll. The maximum practical gauge for these sheets is about 
40 mills (1.02 mm) for a single pass. The calendered sheets are normally 
cured in an autoclave while wrapped on a drum with a curing liner. Adhesion 
between the plies is usually excellent.

Compounds from the low-chlorine CSM grades, as represented by 
HYPALON and the lower-viscosity HYPALON, are calendered without curatives 
for use in pond liners and roofing membranes. Because of their crystallinity 
and scorch safety, these compounds are calendered at higher temperatures, 
100-150°C (212-302°F), with the easier-processing compounds from 
HYPALON 623 being calendered at the lower end of this temperature range.

PROPERTIES AND PERFORMANCE
CSM is classified as a specialty synthetic rubber, with a “DE" rating in 

the ■heat-resistance/oil-resistance” classification of ASTM D2000 and SAE 
J200. The applications for CSM depend only in part on its combination of oil 
and heat resistance. CSM is much more resistant to corrosive or oxidising 
chemicals including ozone, than are neoprene and nitrile rubbers: it is tougher 
than silicones and ERDM rubbers; and it has electrical properties that are 
not as good as EDPM's but exceed those of many other elastomers. CSM 
has excellent radiation resistance, making it well-suited for wire and cable 
coverings in nuclear applications. Further, it is colour-stable and high ly  weather- 
resistant.

Oil-resistance and Low-temperature Properties
The oil-resistance and low-temperature properties of CSM vulcanisates 

depend mainly on the chlorine content of the CSM used. Low-temperature 
properties can additionally be controlled by the choice of plasticiser in the
compound.

Heat Resistance
CSM elastomers, as a class, have good-to-excellent heat resistance, 

spending mainly on the choice of compounding ingredients, although within



this class of elastomer the low-chlonne grades tend to have slightly better 
heat resistance than the high^hlorine grades. The thermal limits of typical 
CSM vulcanisates are shown in Figure 1.

Flame Resistance
Best flame resistance is obtained with the high-chlorine grades of CSM, 

Chlorinated plasticisers, brominated resins, and antimony trioxide synergist 
are commonly used additives. Mineral fillers, excluding carbonates, are 
preferred Hydrated alumina is frequently used as the major filler where smoke 
supperssion is important.
Water Resistance

The use of magnesia acid acceptor is the major cause of water sensitivity 
in CSM vulcanisates Replacing magnesia with litharge in black stocks witli 
a sulphur cure, or with dibasic lead phthalate in all other systems, will result 
in improved water resistance. Where the presence of lead is undersirable, 
synthetic hydrotalcite will provide significantly better water resistance than 
magnesia. Water resistance is also affected by the choice of filler - carbon 
black is the best, followed by non-black fillers with calcined clay preferred

H our  to 100% elongation at break 

Fig. 1 : The thermal lim its for practical performance of CSM vulcanisates

Weather Resistance
When suitably compounded with protective pigments, CSM vu lcanisates 

and the unvulcanised crystalline grades are highly weather-resistant. They 
are also colourable with good colour stability, CSM compounds, provide



they af® nutritive compounding ingredients, are also resistant to mildew

qrowth
Oxygen/Ozone Resistance

CSM vuicanisates are Inighiy resistant to attack by ozone and do not 
d the addition of antiozonants in tlieir compounds. They also are very 
tant to oxidation; however, the addition of an antioxidant will improve 

Pormance under severe heat-ageing conditions.

Electrical Properties
Best insulation resistance Is obtained with the low-chlorine grades of 

CSM Good electrical properties may also require formulating for good water 
resistance in compounds containing little or no carbon black. Compounds 
can be formulated so that combustion products are low In both smoke and 
corrosive gases.
Chemical Resistance

CSM vuicanisates are very resistant to degradation caused by exposure 
to corrosive chemicals. Litharge is the preferred add acceptor for vuicanisates 
for generally good chemical resistance although for certain highly concentrated 
ciiemlcals such as Baume sulphuric acid, or concentrated nitric acid, manesia 
will give better service. The best general-purpose filler for chemical-resistant 
stocks is blanc fixe or barytes.

Resistance to solvents is limited by the resistance of the vuicanisates 
to swelling in those solvents rather than to any chemical degradation caused 
by the solvents. Table 7 shows a guide that will indicate the likely performance 
of vuicanisates based on HYPALON 40 in a variety of chemical media. The 
guide refers to room-temperature exposure; higher temperatures of exposure 
may cause worse deterioration.

Dynamic Properties
The resilience of CSM vuicanisates is generally in the 55-75% range for 

grades having medium- and low-chlorine content. High-chlorine grades are 
more highly damped and the resilience of their vuicanisates are generally too 
low at room temperature to measure on a Yerzley Oscillograph. 

Applications 

Industrial Uses
Two areas in which CSM has proven advantages are in ^  

electrical applications. In the hose industry, CSM is particularly use 
Of its oil and chemical resistance, its outstanding ozone an w 
resistance, and because of the frequent need for bright colours.

CSM Is used in the electrical Industry as a protective ^
sheathing on top of other elastomers w i t h  superior insulating prope '



also finds considerable usage as an integral or "one-shot" insulation/jacket 
for wiring carrying upto 600 volts. The combination of insulation resistance 
and long-term resistance to the detenorating effects of ozone, weather, oil, 
and heat make CSM a clear choice for high-quality wire applications.

Table 7 : CSM chemical resistance guide

Chemicals Rating*

Acids, mineral A

Acids, organic A

Alcohols A

AjjJehydes C

40% fomialdehyde A

Alkalis, caustic A

Aniline B

Aromatic solvents C

ASTM OitNo.1 A

ASTM Oil No, 3 B

ASTM Reference fuel A A

ASTM Reference fuel C C

Asphalt B

Chlorinated solvents C

Esters 0

Ethers B-C
Gasoline B
Hydrogen peroxide A

Inorganic salts A
Ketones B-C
Triethanolamine A
Wear A

•For room temperature exposure, using vulcanisates based on HYPALON 40 - 
A - little or no effect 

B - minor to moderate effect 
C - oRvere effect.

Automotive Uses

In the auto industry, high-volume CSM usage includes hose, tubing, 
and electrical applications. In addition, low permeability to moisture and 
refrigerants make high-chlorine CSM an ideal polymer for air-conditioning 
hoses.



Heoprens (P o ly c h lo ro p re n e ) a n d  H y p a lo n  R u b b e r 1 g i

Construction Uses

Considerable usage of CSM in reservior-liner constmction has resulted 
from a combination of excellent weather resistance and the ease of fabrication 
of uncured liners made of CSM. Over 500 nnillion square feet of CSM liners 
have been installed, w/ith an exceptionally low rate of failure due to the liner's 
easy and reliable seaming characteristics.

For many of the same reasons, CSM use is also well-established in 
single-ply roofing memberanes. Here, the flame resistance and moisture 
resistance of CSM is very desirable and the fact that weather-resistant 
membranes can be made in heat-reflective light colours helps reduce the
cost of air-conditioning.

In an alterative construction method, colourable weather resistant roof 
surfaces of HYPALON are prepared by roller coating HYPALON paint over a 
neoprene base.
f/liscellaneous A p p lica tio n s

Other applications for CSM include roll covers for use in strong acids, 
and in applications where corona discharge produces ozone and electrical 
stress; CSM is also used for tank linings, industrial maintenance coatings, 
and extruded sponge. CSM compositons are binder for cork in automotive 
gaskets, and for magnetic fillers in refrigerator gaskets.

Product Safety
When recommended handling procedures are followed, HYPALOn 

synthetic rubber polymers and the products derived from them present no 
health hazards. HYPALON synthetic rubber may contain a small amount of 
carbon tetrachloride (CCl,) and a lesser amount of chloroform (CHCIJ as 
residues from its manufacturing process. Both are regulated as air 
contaminants. When large quantities of raw polymer are stored or processed, 
it is advisable for the protection of personnel to provide adequate ventilation 
to keep employee exposure below the regulated levels.



Silicone Rubber

INTRODUCTION
Natural rubber, tapped from tress, finds a great variety of uses in the 

form of tyres, footwear, sponges, cushions, mattresses, surgical articles, 
sports goods, electrical insulation, corrosion-resisting lining for chemical 
equipment, balloons and toys, to mention a few. During thfe two world wars, 
when the normal supply sources of this essential commodity were cut off to 
their major consumers, efforts to develop synthetic rubbers had started almost 
overnight. As a result, a number of organic and inorganic materials, which 
resemble rubber, have come into existence. In fact any chemical structure 
which forms long, flexible coil-like chains, when cross-linked to a specific 
degree, can exhibit rubbery properties. Some synthetic rubbers even 
overcome the deficiencies of natural rubber and hence are called speciality 
rubbers. For example, acrylonitrile rubber has much better oil resistance, 
butyl rubber is much less permeable to air and silicone rubbers withstand 
much higher temperatures. None of the synthetic rubbers, it should be 
stressed, has all the characteristics of natural rubber and hence are called 
'elastomers".

Silicone rubber, with which we are concerned, is different from the other 
rubbers in one important respect. It has an inorganic back-bone made of 
silicon and oxygen atoms, and belongs to the family of compounds known 
as 'silicones'. Natural rubber is a hydrocarbon material with a back-bone of 
carbon-carbon chain.

Akin to other members of the silicone family namely, fluids and resins, 
the silicone rubbers (elastomers) possess unique properties not shared by 
any other type. The most outstanding of these is the retention of flexibility (a 
measure of elongation), resilience (a measure of rebound) and tensile strength 
(a measure of stiffness) to an amazing degree in the wide temperature range 
of -150'F to +600°F. All other rubbers get hardened and turn brittle at low 
temperatures and become soft and lose their elasticity at high temperatures^ 
The useful life of a rubber, considered as the time of retention of elongation o‘ 
at least 50%, for the best organic rubber is of the order of days in the



rawre range 250-300T while for the silicone rubbers it is upto 20 years 
and 5 years at 300°F, Silicone rubber is the best available flexible 

 ̂ tical insulation as it retains its dielectric strength, power factor and 
® I tion resistance over a wide temperature range when other insulations 

me useless. Moreover, it has an excellent resistance to ozone and its 
resistance approaches that of mica. The other notable features 

make it an ideal material for electrical insulation are its ability to bond 
continuous, homogeneous insulation jacket, imperviousness to water, 

'land conductive contaminants, resistance to noise and vibration damage 
n at sub-zero temperatures and a lack of attraction to rodents, unlike their 

ic counterparts. Some other important properties of silicone rubber 
Yidude its release characteristics, chemical, fuel and oil resistance, inertness, 

.toxicity, high permeability to gases and resistance to weathering. Silicone 
rubber is as superior ablative material. Mechanical parts of rockets and re­
entry vehicles which are exposed to very high temperatures can be protected 
with shields made of such materials.

types of s il ic o n e  r u b b e r

Chemically, silicone rubber is a specially prepared polymer of 
dimethylsiloxane. The chemical reaction is controlled to get linear chains of 
several thousand units of silicon-oxygen with two methyl radicals having 
molecular weights of the order of 500,000. This elastomeric polymer in the 
form of a gum is mixed with suitable inorganic fillers to give mechanical 
strength To make it elastic, it is heated with a suitable chemical, for a 
specified time (vulcanisation). This brings about elasticity through 
intramolecular cross-linking. The unique properties of silicone rubber are 
partially accounted for by the bond energy of the silicon-oxygen linkage which 
is about 1.5 times as strong as the carbon-carbon linkge present in organic 
polymers. Special rubbers are produced by modifying the dimethyl 
polysiloxane gum. Rubber gums with 0.1 mole per cent methyl-vinylsiloxane 
give low compression-set rubbers. By incorporating one boron atom per 300- 
400 silicon atoms, fusible rubbers have been prepared. Solvent-resistant 
rubbers are made by incorporating polar groups such as fluorinated alkyl and 
cyanoalkyl into the polymer molecule. Replacement of 5-15% of the methyl 
groups by phenyl groups yields rubbers which retain their elasticity even a t- 
1 5 0 X .  'Bonding pastes' or rubbers with paste-like consistency a r e  formulated 
from an elastomeric gum, calcium carbonate and benzoyl peroxide.

A spectacular growth area for silicone rubber has been 
compounds known as RTV (Room Temperature Vulcanising). Although 
originally these compounds were cured (curing means that the r^^bberjnix in 
the form of a paste, to which all desired chemicals have been added 
heated to make it elastic; when it is set, it also takes on the required form)
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stressed, has all the characteristics of natural rubber and hence are called 
“elastomers".

Silicone rubber, with which we are concerned, is different from the other 
rubbers in one important respect. It has an inorganic back-bone made of 
silicon and oxygen atoms, and belongs to the family of compounds known 
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several thousand units of silicon-oxygen with two methyl radicals having 
molecular weights of the order of 500,000. This elastomeric polymer in the 
form of a gum is mixed with suitable inorganic fillers to give mechanical 
strength To make it elastic, it is heated with a suitable chemical, for a 
specified time (vulcanisation). This brings about elasticity through 
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partially accounted for by the bond energy of the silicon-oxygen linkage which 
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400 silicon atoms, fusible rubbers have been prepared. Solvent-resistant 
rubbers are made by incorporating polar groups such as fluorinated alkyl and 
cyanoalkyl into the polymer molecule. Replacement of 5-15% of the methyl 
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almost exclusively at room temperature, they are now available m a range 
viscosities as thin fluids or thixotropic pastes (whose viscosities can be lowerai 
by mechanical shear), whose curing times can be varied over a wide range 
In many applications curing, is accomplished at elevated temperatures inj 
matter of seconds. The principal difference between the polymer used in 
heat-cured silicone rubber and RTV is the length of the polymer chain. The 
average polymer for heat-cured rubber has around 7000 silicon units in the 
chain while the average RTV polymer has around 1000 units.

Silicone rubber can be bonded to many materials, including metals 
The surface phenomena of silicones not being fully understood, the science 
of binding silicone to a substrate is mixed with a good deal of empirical art

Though the raw material, silica, from which silicone rubber is made, is 
cheap and plentiful, the manufacturing process is difficult and expensive. In 
spite of its high cost, silicone rubber is preferred in many applications as 
they need less maintenance and prove economical in the long run. A major 
consumer of this speciality rubber is the aircraft and aerospace industry. It is 
used for gaskets and sealing rings for jet engines, in ducting for circulatinj 
hot air to the cabins and to surfaces requiring deicing, as sealing strip for 
doors, windows, turrets, switch boot covers, vibration dampers, for sealing 
cavities and junctions for environmental protection, for bonding and sealing 
aircraft components exposed to fuels and oils and as groove injection sealants 
for aircraft fuel tanks. Silicone rubber can withstand temperatures upto 9000"F 
(5000°C) for several minutes while still retaining good insulation properties 
The superior ablation characteristics thus enable its use in the coating ol 
rocket fuel valves, supply cables and silo doors for protection from rockel 
blast.

The automotive field is currently showing the maximum growth for the 
use of silicone rubber. A critical application of silicone rubber bonded to 
metal is in the shaft seals used in automatic transmissions. The silicone 
rubber not only resists the action of the hot transmission fluid and the frictional 
heat of the shaft on the seal lip but also prevents the corrosive pitting of Ihe 
shaft during extended periods of engine idleness, which generally occurs 
with sulphur-containing rubbers. Silicone rubber hoses which have superio' 
resistance to hot ethylene glycol, diesel fumes and engine-cleaning solvents, 
last as long as the engine itself. High ignition voltages and higher under-the- 
hood temperatures necessitate the use of extruded silicone rubber ignition 
wire insulation and rhoulded silicone rubber spark plug boots. Moulded 
flourosilicone rubber check seals are used in carburettors to replace metal 
components. RTV sealants are used for formed-in-place engine gaskets, 
repair and installation of wind shields and light covers. It is estimated th ^  
to 3.5 kg of silicone rubber is used per car at present.



Electronics and Electrical Industries
In the electronics industry, silicone rubber is used for semi-conductor 

junction passivation, protection of electronic components, general potting 
and encapsulation for modules, relays, power supplies, amplifiers, etc., as 
a-partlcle bamer For calculators and adding machine keyboards it eliminates 
corrosion and makes bounceless contact possible, minimising electrical noise 
and double signals. In the electrical industry, silicone rubber is used for wire 
and cable insulation, encapsulation of transformers and motors, class H 
electrical connectors for Industrial and household requirements, in insulating 
tapes for transformers, heating pads and several electrical parts. Effective 
microwave oven gasketing Is made from conductive silicone rubber It also 
helps to reduce RF (radio frequency) interference and is used in oven sealing. 
Special silicone aibbers which are high-loss dielectrics are used in microwave 
transmission lines. The largest growth area in the coming years will be for 
wire and cable insulation with emphasis on fire safety in nuclear plants. 
Silicone Rubbers to  IVIImic Flesh

Silicone rubber is largely used in biomedical and prosthetic devices to 
replace a missing ear, to restore movement to arthritic hands and for many 
other body parts. Their chraoterlstic inertness, resistance td^elng, flexibility, 
softness, dependability, sterllisability and biocompatibility make them Ideal 
for this purpose. As a biomaterial in extracorporal devices, polymethylsiloxane 
tubing is used with heart-lung machines, dialysers and related devices, after 
incorporating heparin as an anti-coagulant for the blood. By reacting 
polyurethane with polyorganosiloxanes having reactive end groups, a tough 
material called Avcothane has been developed by AVCO Everett Reserach 
Laboratory In the USA. This tough elastomer is able to withstand millions of 
flexings without failure and as such is used widely in heart assist devices like 
interaortic balloons, artificial hearts and artificial blood vessels. Other uses of 
silicone rubber are in surgical tubings, heart valves, catheters, hydrocephalus, 
shunts, nerve cuffs, replacement of bladders, contact lenses and prosthetic 
parts to correct deformation due to heredity, disease of accident. In the 
prosthetic applications, it is used widely for reconstructing breast, ear, eye, 
bone, finger joint, limb, tendon and ligament. The most popular of silicone 
implants is the mammary implant which consists of a strong, thin but very 
stretchy silicone rubber envelope filled with a clear silicone gel of the same 
general weight and texture as the breast tissue. Other gel or liquid-filled 
silicone rubber devices Include testicle implants for cosmetic replacement, 
vaginal forms for the reconstruction of vagina, penile implants for males who 
3ve erectile incompetence. Kneecaps and hernia defects have also been 

'Corrected by the use of silicone rubber In dentistry, RTV is increasingly used 
replica for moulding the jaw in the manufacture of dentures. The combination



of low levels o f haemolysis (loss of haemoglobin for red blood cells) with tlie 
high rate o f gas permeability makes silicone rubber membrane an ideal gas 
transfer material in blood oxygenators.

Silicone rubber is also used for many other applications. Flexible mould 
materials of silicone rubber allow excellent reproduction of details of casting 
of metals, plastics, waxes and plaster The non-stick charactenstic leads to 
its use in rolls for handling hot plastics in the production of films, embossing, 
laminating and smoothing of hot tin over tin plate steel. Its release properties 
find application in coatings on release paper and parts o f machinery or rolls 
handling sticky materials such as hot polyethylene, candy and adhesives. 
Constancy in transmissibility or resonant frequency in the temperature range 
-65-300°F and the retention o f dynamic absorption characteristics in spite of 
ageing makes it an ideal material for effective noise and vibration control. 
Thin films of silicone rubber are selectively permeable to different gases and 
as such may be used for separating gases to obtain relative enrichment of 
one gaseous component over another Its outstanding weatherability in the 
hottest and flexibility in the coldest of climates makes it ideal for the building 
industry to caulk joints o f masonry, metal, wood or plastics, to seal windows, 
as protective coatings for plywood, metal or masonry building materials indoors 
as well as outdoors.

Silicones in general and silicone mbber in particular, have proved versatile 
materials meeting the challenges of technology and have not only extended 
the life of capital equipment but also of life in general.

The estimated service life of sli'cone rubber at various temperatures is 
given in Table 1.

Table 1 : Estimated service life of silicone rubber

Temperature Lifespan

90’C(194“F) 
121X (250"F) 
150"C (300“F) 
200X (392"F) 
250X (481*F} 
315'C {600°F)

40 yers 
10-20 years 

5-10 years 
2-5 years 

3 months 
2 weeks

Synthesis of Silicone Polymers
The silicon used in the synthesis of silicone polymers is obtained by 

the reduction of SiO, which, in the free or combined form, makes up abou



fiO% of the earth's crust. The abundance of SiO, is one reason for the favouarble 
trend in the cost of silicone rubber relative to the organics. The direct process 
' volves the reaction of methyl chlonde with silicon in the presence of a 
aoper catalyst. Dimethyldichlorosilane is the major product, but many other 
ofoducts are produced, some of which are listed in Table 2. These are seprated
jy  large distillation towers.

Table 2 ; Major products of the director process

Compound BP CC/760 mm)

Dimethyldichlorosilane

Molhyllrichlorosilane g j

Ttimelhylchlorosilane 57
Methyldichlorosilane

Dimethylchlorosilane 3j

TrichlMosilane 32

Both the methyltrichlorosilane and trimethyl monochlorosilane must be 
reduced from per cent levels to low ppm levels either by distillation or 
subsequent purification steps. The trimethylchlorosilane is a chain-stopper 
and affects the m o lecu lar weight o f the silicone polymer. The 
methyltrichlorosilane causes branching or cross-linking of the desired linear 
silicone polymer, which affects processing. After purification, the 
dimetiiyldichlorosilane is then hydrolysed (as shown below) to a mixture of 
linear polymers and low molecular-weight cyclics.

Mej-SiCI  ̂+ H^O— HO(M8jSiO)„H + (Me^SiO)^ + HCI

The hydrolysate was originally polymerised to high molecular-weight 
with acid catalyst. Today the cyclics are usually removed as an additional 
W  ication step. Recently it has been found that a superior silicone rubber 
^ymer is produced when solid alkalis are added in small amounts to the 
300 P°lyhier normally used in dimethylsilicone rubber varies from
4 X in«, ° 'h molecular-weight. This corresponds to a viscosity of
areals 4000-11,000 silicon atoms per molecule. There
500 00° h '?^°'^°f^hCtional groups per molecule as chain-stopper, or 180- 
•heleveT , One can then see how relatively small variations in
evpn I, ° '^''9iri-stopper can lead to large variations in molecular weight and

larger variations in viscosity.

'"'I'ing i f  ihipurity in dimethyldichlorosilane which increases the cross- 
’̂’dcomo ® ^'''''^''l'*'''^’ '0''0silane. Today most dimethylsilicone polymers 

‘'°htain this vinyl source. When the latter is present at less 
e resulting polymers make more efficient use of peroxides and



thus require less for cure. The cured rubber has less tendency to revert
thus has lower compression-set.

nimethvlsilicone rubber tends to become stiff b e low -60T . However, 
the low temperature flexibility may be improved by substitution of phenyl 

C HTqroups for some of the methyl groups attached to the silicon atoms i„ 
h e 'p im e r  chain as shwon in Table 3. Replacement o only 5% of the 

rnethyl groups by phenyl groups will lower the c ^ s ta  hsation temperature 
and extend the useful service temperature range to below -130 F.

Table 3 : Types of silicone polymers

Classification Uses Basic Polymer Units

MVQ

The first silicone polymer rH3

L  0- i i  u  
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CH,
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Tde dimethylsilicone rubbers show good performance in acetone and 
rs but undergo up to 200% swell in aliphatic and aromatic hydrocarbons.

*  placement of one methyl group on each silicon atom with a polar group
trifluoropropyl (—CHjCHjCHj), as shwon in Table 3, reduces the 

III In  acetone and diesters. Figure 1 compares neoprene rubber, methyl 
t  ne rubber and tiuorocarbon rubber in various solvents. Fiuorosiiicone

* bber behaves similarly to fluorocarbon njbber in these solvents. In solvents 
.  niquer solubility parameter such as methanol or ethanol, the swelling

of fluorosilicones drops down again to less than 25%.

S olub ility  parameter 

Fig. 1 : V aria tion  o f vo lum e sw e ll w ith  so lub ility  parameter

VULCANISATION
Silicon rubber compounds are normally heat-cured in the presence of 

one of the organic peroxides shown in Table 4. Some other peroxides are 
used to a limited extent; however, the first four in the table are the most 
important ones.

In the case of the cure of a dimethyl polymer with a diaroyl peroxide, 
the cure mechanism shown in Figure 2 has been fairly well established.

It is apparent that these reactions could produce no more than 1 mole 
chemical cross-links per mole of peroxide. The hydrogen abstrachon 

« o n  has been estimated at 50% efficient, and the ethylene bndge formation 
®t40% efficient. And, indeed, independent work has shown that the actual 
™ss-link yield in an unfilled polymer is 0.1-0.3 moles of chemical cross­



links per mole o f diaroyl peroxide. The above ratio decreases as the levels 
diaroyl peroxide Is increased. This corresponds to a chemical cross-lint 
density o f O.^-O.? motes of cross-links per 1000 moles Si in the polymer lijj 
not practical to increase the cross-link concentration much further by raising 
the peroxide levels.

TablB 4 : O rganic peroxides used fo r s ilicon e  ru b be r vu lcan isation

Peroxide
Temperalure, “F feT ^  
half-life = 1 minule

Bis (2.4-dichtoroben2oyl) peroxide 234
Dhbienzoyi peroxide 271

Di-cumyi peroxide 340
2. 5-dimethyl -2,5-bis (t-bu(yl peroxy) hexne 354
Di-tertiary butyl peroxide 379

ROOR -» 2R0-

CH3 CH,

—SI—O— + ROH 
I
CH,

CH3
I 

I
CH,

CH^ CH,

- S i - 0 -  '•
1 I

CH, CH3

Fig. 2 : Peroxide cure mechanism fo r methyl sHoxanes



The cure mechanism for the methyl vinyl siloxy containing copolymers 
shown in Figure, 3 seems to account for available experimental obsen/ations.

This mechanism predicts more than 1 mole of cross-links per mole of 
peroxide, and not more than 1 mole or cross-links per mole of vinyl groups.

In the case of unfilled methyl vinyl siloxy containing copolymers, actual 
cross-lifil  ̂yields have also been measrured. data on a polymer with ViySi = 
00026 are shown in Table 5. Efficiencies are high, and these results are 
consistent with the "trimethylene bridge" cure mechanism.

Hexane, dicumyl peroxide, di-t-butyl peroxide and 2,5-dimethyl-2,5-bis 
(l-butyl peroxy) are usually considered to be "vinyl-specific" in that they will 
give good cures only with vinyl containing polymer The two diaroyl peroxides, 
benzoyl and bis (2,4-dichlorobenzoyl), will cure both vinyl and non-vinyl 
containing gums. This difference is illustrated in Figure 4. again using the 
polymer with Vi/Si = 0.0026. Di-tertiary butyl peroxide seems to be truly 
'vinyl-specific" in that the chemical cross-link density is constant inthe range
0.2-6% peroxide. However, the cross-link density is dependent upon peroxide 
concentration in the case of the bis (2,4-dichlorobenzoyl) peroxide.
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Repetition of step 2 followed eventually by termination.
^19. 3 : Peroxide cure mechanism for methyl vinyl slloxanes
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Table 6 : C ross-link ing  e ffic ien cy -p o lyd im e th y lco m e th y lv ln y ls iloxa ne  (Vi/Si = 

0.0026)

Peroxide

% Peroxide 
(optimum 
■ level)

Moles 
chemical 

cross-links/ 
1000 

moles Si

Moles
chemical

cross-links/
mole

peroxide

Moles
chemical

cross-links;
mole vinyl

2 .5-dimethyl -2.5-6/s 
(l-butyl peroxy) 
hexane

0.315 2.4 3.2 0.9

Dicumyl peroxide 0.315 2.4 3.0 0.9

Di-t-butyi peroxide 0.21 3,3 2.4 0,9

H  Peroxide

Fig. 4 : V aria tion  o f chem ica l c ro ss -link  d ensity  w ith  perox ide  concentration

Figure 5, gives more insight into the effect of vinyl on vulcanisate 
properties. When the vinyl level is zero, using 1.95 « 10’  ̂moles of bis (2,4- 
dichlorobenzoyl) peroxide/g polymer, 0.44 moles cross-links per 1000 moles 
Si in the polymer is produced. This can be increased to 0.55 moles cross 
links per 1000 moles Si in the polymer by doubling the peroxide concentration, 
or it can be increased to 1.5 moles cross-links 1000 moles Si in the polym 
with the use of a 0.2 mole % methyl vinyl siloxy copolymer. It is, therefor ̂  
possible to reach a higher level of cross-linking by busing a vinyl contaimn. 
siloxane polymer. The higher level of cross-linking results in less tendency 
the cured rubber to creep. Of equal importance, cross-linking can 
accomplished with lower levels of acid-forming peroxides and peroxides 
do not led to acidic decomposition products. This last process, in turn, lea ■



te n d e n c y  to revert in curing or during post-bake processing. By 
1“  the vinyl level and the type and level of peroxide catalyst, the 
°'^*' r̂e55ion set at elevated tennperatures can be minimised.

Vulcanisation rate is conveniently studied by means of the Monsanto 
meter a nd  it provides a continuous measurement of complex dynamic 
modulus while a rubber is being cured in a mould under heat and 
re This study is accomplished by measurement of the torque on a 

P'̂ ^̂ cal disl< rotor that is embedded in the rubber, and is being sinusoidally 
“ "'llg,gd through a small arc. The torque is a linear function of cross-link 
dpnsitv as determined by swelling measurements, though the proportionality 
onstant varies with the stock. The torque readings can, therefore, be 

c o n s id e re d  as relative cross-link densities.

Fig. 5 : V ariation o f chem ical cross-link density w ith  vinyl level and 
c o nce n tra tio n  o f b is  (2 ,4-d ich lo robenzoyl) peroxide.

From a rheograph. it is possible to get an idea of how the compound 
will flow in the mould before cure starts (mimimum viscosity and scorch 
time), cure rate {and consequently time to various degrees of cure), and a 
measure of the final cross-link density. If a series of these curves are run at 
different temperatures with the various peroxides, the data may be used to 
estimate hot-mould residence times required to effect a given degree o cure 
stagiven temperature withagiven peroxide. F i g u r e s  6 ,7 and 8 may be use 
*° ''lake such estimates for the vulcanisation of a high-tear-strength me y 
wyl compound. For example, with bis (2,4-dichlorobenzoyl) peroxide at a w  
Phr. and at a temperature of 230°F, the induction period is 2 minutes. I he 
lot-mould-resldence time is 4 minutes for 90% cure and 8 minutes tor ruu 
' “ fe A technically satisfactory cure (in terms of durometer, tensile, ana



elongation) is obtained by introduction of tiie cross-linl<s; however, a full cure 
is required to obtain ttie lowest compression set. In order to obtain full cure in 
8 minutes, the mould temperature should be 230T for bis (2,4-dichloroben2ov|i 
peroxide, 270°F for benzyl peroxide, 255”F for dicumyl peroxide, and 365"f 
for2.5-dimethyl-2,5-i)/s (f-butyl peroxy) hexane.

COMPOUNDING INGREDIENTS
A typical silicone rubber formulation contains a silicone polymer 

reinforcing and (or) extending fillers, process aids or softeners to platicise 
and retard creep-ageing special additives (e.g., heat-ageing and flame retartant 
additives), colour pigments, and one or more peroxide curing agents. 
Silicone Polymers

Pure silicone rubber polymers, differing from one another in polymer 
type and molecular weight, are available from the basic suppliers. These 
polymers of gums are described in Table 3.

•K~'x 10'
Fig. 6 : Induction  tim es fo r cure w ith  va rious  psrox idas

Silicone Rubber Elastomers

Although pure polymer may be used, it is generally easier and more 
economical for the rubber fabricator to compound from silicone-reinforced 
gums or bases. Over the years, silicone suppliers have developed a wide 
variety of silicone rubber compounds to meet special requirements and 
specifications. However, the most recent offerings have been in bases which 
are mixtures of pure polymer, of process aids, and of reinforcing silica fillers



have been specially processed. Both of these product lines are made up 
f hiendable bases plus selected additives for enhanced properties such as 
 ̂ at ageing, flame retardancy, and oil resistance as virell as processing aids

20 21 22 23 ~24 2J 2‘

Fig. 8 : Time to full"8uf#vM)t) various peroxides

"einforcing F ille rs

The fumed process silicas reinforce silicone polymer to a greater extent 
TOn any other filler Due to the high purity of the filter, the rubbers containing 

'̂'6 excellent insulating properties, especially under wet conditions.



Red (RY-2196)

Red (RO-3097)

Red (F-5893)

Dark red (F-5892)

Qreens Chromium oxide green (X-1134)

Chromium oxide green (G-6099) 

Yeiiow green (F-5688)

Blue green (F-5687)

Turquoise (F-5686)

Blues Cobalt aluminium blue (F-6279)

Medium blue (F-5274)

Darl^ blue (F-6279)

Violet blue {F-5273)

Ultra marine blue 

Oranges Mapico tan #20

Orange red {F-5894)

Orange (F-5895)

Light orange (F-5896)

Whites Tttanium dioxide (TITANOX RA)

Titanium dioxide (TITANOX ALO) 

Yellows Cadmolith yellow

Cadmium yellow (F-5897)

Lemon yeiiow (F-5512)

Buffs Dark buff (F-6115)

Buff (F-2967)

Blacks Thermax carbon black

Black iron oxide (Drakenfeld 10395) 

Browns Light yeiiow brown (F-6109)

Medium brown (F-6111)

Red brown (F-6112)

Precipitated silicas impart moderately high reinforcement, as shown iti 
Table 7. Some precipitated filler may give high water absorption due to residual 
salts. If so, the wet electrical properties will not be very good. However, recently 
some precipitated silicas are available with very-low-salt content and provide 
better electrical properties.
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Reds (RY-2196)
Red (RO-3097)
Red (F-5893)
Dark red (F-5892)

Queens Chromium oxide green (X-1134)
Chromium oxide green (G-6099)
Yellow green (F 5688)

Blue green (F-5687)
Turquoise (F-5686)

Blues Cobalt aluminium blue (F-6279)
Medium blue (F-5274)

Dark blue (F-6279)
Violet blue (F-5273)
Ultra marine blue 

Oranges Mapico tan #20
Orange red (F-5894)
Orange (F-5895)

Light orange (F-589S)
Whites Titanium dioxide (TITANOX RA)

Titanium dioxide {TITANOX ALO)
Yellows Cadmolith yellow

Cadmium yellow (F-5897)

Lemon yellow (F-6512)
Buffs Dark buff (F-6115)

Buff (F-2967)
Blacks Thermax carbon black

Black iron oxide (Drakenfeid 10395)
Browns Light yellow brown (F-6109)

Medium brown (F-6111)
Red brown {F-6112)

Precipitated silicas impart moderately high reinforcement, as shown m 
Table 7. Some precipitated filter may give high water absofption due to residual 
salts, if so, the wet electrical properties will not be very good. However, recently 
some precipitated silicas are available with very-low-sait content and provide 
better electrical properties.
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Sem i-reinforcing o r Extending Fillers
The extenders (Table 8) are important for use in compounds containing 

reinforcing fillers in order to obtain an optimum balance of physical properties, 
cost, and processability.

Ground silica and calcined kaolin do not provide significant reinforcement 
As a consequence, they can be added to a reinforced gum or compound in 
relatively large quantities in order to reduce pound-volume cost. These 
extenders are satisfactory in either mechanical or electrical-grade rubber

The reinforcement obtained with calcined diatomaceous silica is greater, 
though quite modest, than that obtained with any other extender Therefore, 
as an extender, it is not as useful as ground silica. However, it is used in 
electrical stocks, low-compression-set stocks, and in general mechanical 
stocks to reduce tack and modify handling properties.

Calcium carbonate and zirconium silicate are special-purpose 
extenders, used mainly in pastes that are coated on fabrics via solvent 
dispersion.

Zinc oxide is used as a colourant, and as a plasticiser It imparts taci( 
and adhesive properties to a compound.
Additives

Organic colours, and many inorganic colours, have adverse effects on 
the heat-ageing of silicone rubber. The inorganic pigments listed in Table 6 
have been found suitable for use. Usually 0.5 to 2 parts per 100 parts of 
compound are sufficient for tinting purposes. It is often desirable to 
masterbatch colour pigments in order to get good dispersion and close colour 
matches.

Red iron oxide is used a colour pigment, and as a heat-ageing additive;
2 to 4 parts per 100 parts of gum will give improved heat stability at 600°F,

Process aids are used with highly reinforcing silica fillers. These have a 
softening or plasticising effect, and they retard the "crepe-ageing" or 
“structuring" or "pseudocure" of the raw compound that occurs due to the 
high reactivity of the reinforcing filler with silicone polymer.
Curing Agents

In commercial practice, it has been found that none of the six commonly 
used peroxides is a universal curing agent. The three aroyl peroxides (Table
9) may be considered general-purpose in that they will cure both non-vinyl 
and vinyl-containing polymers. However, none of them is suitable in all types 
of fabrication procedures. The three dialkyl peroxides (Table 10) are "vinyl- 
specific" since they will give good cures only with vinyl-containing polymers

Bis (2.4-dicholorobenzoyl) peroxide normally requires a curing 
. temperature of about 220-250“ F. Its decomposition products (2,4-
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ic acid and 2 ,4-dichlorobenzene) vdatilise relattvety stowty, at 
dchiorobenzo ^gfT,peratures; and, consequent, compounds containing
j^ rne rc ia ic^ without external pressure, provided that air removal and 
I, may ^  (j^pe {e.g., by extrusion or calendering) prior to the
(onning ha'' Q„g of the main uses of this peroxide involves hoi
’̂’’’'"lanisation of extmsions in a few seconds at temperature of 600-800T.

^  sithnuah this peroxide may be used for moulding, it has some undesirabte 
Since it starts cross-linking at an appreciable rate as low as 2QQT. 

featureŝ ® ggl before flow and air removal are complete In
® thick section must be carefully programmed through a post- 

oven bake cycle in order to remove ackik: decomposition products 
'l!!M M rad in g  the intenor of the part. The peroxide may be used for steam 

„ ^toclaves and in continuous-steam vulcanisers. However, benzoyl 
“ ™ de is more desirable, particularly in the latter case, because of its 
S e  cure temperature (240-270“F). With benzoyl peroxide, there is less 
Sdencv for the compound to scorch in the dies when exuding at high 

into a continuous-steam vulcaniser that is operating at 100-200 pounds

of steam. .
Due to the volatility of its decomposition products (benzoic acid and 

benzene) external pressure is required to prevent porosity when cunrig with 
benzoyl peroxide. The only exception is in the very thin sections '" ’' “ Ived m 
tower^oating fabrics from solvent dispersions of ^bberJn the Mse^
benzoyl peroxide is nearly always used because it has 
dip tanks, and because it is not volatilised from the rubber dunng the solvent- 
removal operation prior to cure.

Low-compression-set rubber may be produced with 
peroxides, provided that the polymer contains vinyl groups and that the a 
decomposition product are removed by an oven post-bake.

Unlike the aroyl peroxides, the so-called “vinyl-specfc’ P®''™'*®®
10) may be employed to vulcanised stocks containing carbon black, it dicumy 
peroxide is used, these stocks can be hot-air-vulcanised.

All there "vinyl-specific" peroxides are good for 
with dicumyl being less preferable due to a slight tendency .
the same manner as benzoyl peroxide. In addition, dicumy p 
somewhat less volatile decomposition products , external
ilimethylbenzyl alcohol) than do the other two. , -gfoven
pressure during cure is less important, but still required, an 
post-bakes are needed for thick sections than in the case ..nngrties 
P«̂ oxides. Just as with the diaroyl peroxides, optimum phys cal propertie 
'equire relatively close control of dicumyl peroxide concentration.
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pue to their non-acidic decomposition products, the "vinyl-specific" 
xides require less oven post-bal(e atter vulcanisation; and, in addition, 

«°e stepped programme post-bakes are not necessary. Lower compression
S  are obtained with these peroxides than with the general-purpose curing

During vulcanisation with di-(-butyl peroxide, external pressure is 
psnecially important due to the extreme volatility of the peroxide and its 
decomposition products (acetone and methane). The state of cure is 
determined primarily by the vinyl content of the polymer, and not by peroxide 
concentration: air inhibition is absent; pre-vulcanisation or scorch is seldom 
a problem; and the innocuous decomposition products can be removed by 
short, high-temperature oven post-bakes. This peroxide also produces a rubber 
,#ith the best overall balance of properties. Its main deficiency lies in its 
extreme volatility, A stock must be moulded with external pressure shortly 
after the peroxide has been added.

Although it does not produce rubber with quite as good a balance of 
properties, 2,5-dimethyl-2,5-b/s (f-butyl peroxy) hexane is quite similar to di- 
l-butyl peroxide in its performance. It has the advantage of lower vapour prssure 
at room temperature. In fact, it can be added to a compound 1 to 2 months 
before vulcanisation. However, external pressure is still required during cure 
due to the volatility of the decomposition products.

COMPOUNDING
A very extensive body of compounding information that has resulted in 

compounds, bases and formulations with which the fabricator can meet well 
over a hundred industrial and military specifications for silicone rubber The 
range of physical properties typically obtained are shown in Table 11 
Mixing

Silicone rubber may be compounded in conventional equipment, such 
as Ooughmixers, Banburys and two-roll mills. A Banbury works well with a 
dry, non-sticky stock, but is undesirable with compounds that require a 
relatively long heat cycle and become too tacky to unload easily.

While a two-roll mill is capable of compounding silicone rubbers, the 
nature of the silica fillers creates an undesirable work atomosphere. However, 
t''ra-roll mills are excellent for colouring, catalysing, and preforming some of 
the firmer stocks.

fabricating

Freshening

Freshening has been the first fabrication step. This is a remilling 
operation, to reverse the “crepe-hardening" or "structuring" that has taken
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since the compound was made, "Structuring" occurs more quickly and 
farther if the compound has been aged at higher temperatures. It is 

H bv the formation of hydrogen bounds between the hydroxyl groups of
causeoijy ____r ,rr ,i.n c  r« f/- .w no n  otr^rr^e^ _____. .^̂ r̂ner and the hydroxyl groups of oxygen atoms of the polymer Two factors 

reduced the amount of structuring that occurs in the current silicone 
'’^moounds first, the hydroxyls on the polymer are kept to a low level; second,
*  hvdroxyls on the filler are reduced by treating the filler with silanes or 
loxane process aids. However, freshening is still often carried out by the 

tebricator because the material has been in inventory at a high temperature 
or for 3 long time. It is also freshened when the fabricator catalyses it.

Before the mill is loaded, the roll clearance should be set fairly loose 
Usually the silicone compound will band on the slow roll first (crumbling and 
lacing can be, but usually are not, encountered). As the milling continues, 
(lie nip should be gradually tightened. In the case of a hard compound, the 
jiginal roll setting will be somewhat tighter for a short time. Then the mill is 
set fairly loose and gradually tightened. This procedure, combined with the 
proper amount of stock on ttie mill (slight bank), minimises air entrapment 
during further milling and blending. After a smooth sheet has formed on the 
fast roll, compounding ingredients may be added if desired.

Milling is continued until the stock reaches the desired consistency. 
Under-freshened stock will flow poorly upon moulding, and will form parts 
with a rough surface upon extrusion. An over-freshened compound loses 
green strength, and becomes sticky and hard to handle. Stock must not be 
allowed to warm up above 100-130°F after a curing agent has been added.

At this point, the stock is freshened and ready for use in one of the 
following fabncation procedures.
Moulding

Compression and transfer moulding are the most widely used methods 
for moulding silicone rubber parts However, large-volume applications, in the 
automotive industry for spark-plug boots and in the health-care industry for 
catheters, are resulting in a large grovrth for injection moulding. Compression 
and transfer mouldings are run at pressures of 800-3000 psi and temperatures 
of220-370°F. Three mould variables that must be controlled are temperature, 
speed of mould closing, and pressure. Temperature is influenced mainly by 

choice of a peroxide curing agent. If the temperature of the mould increases 
after repeated moulding, the temperature of platens has to be decreased to 
prevent scorching. The speed of mould closing has to be adjusted to allow 
“ mplete filling of the mould and escape of all air, again without scorching, 
’’e pressure has to be sufficient to prevent thick flash but low enough to 

^oiti excessive wear and tear on the mould. The moulded silicone piece wi 
in size if the pressure is varied, because of the great compressibility of



silicones. To optimise the use of material in compression moulding, the prefon, 
must be shaped and sized to minimise flash.

The mould shrinkage of silicone rubber is about 2-4% and is affected by 
a number of factors, but primarily that the linear thermal expansion of siiico„5 
rubber is 17-20 times that of steel and about 2 times that of organic rubber 
The shrinkage is, therefore, largely dependent on the temperature of the 
moulding. It should be noted that silicone compounds with higher loadingsol 
filler have lower shrinkage. Mould shrinkage is augmented by the releaseo! 
volatiles during the cure and post-bake stages.

Injection moulding involves pressures of 5000-20,000 psi, and 
temperatures of 370-485°F. Injection times are approximately 3-10 seconds, 
while moulding time is in the range of 25-90 seconds. This method, relativeto 
compression moulding gives less flash, better properties, and greater 
uniformity. Blow moulding has also been used on some simple parts. In this 
process, heavy-walled parts are usually made because of the variation inwall 
thickness.

Prehardened stainless steel is recommended for the moulds with 
chromium plating, also used where a high finish is desired and where the 
undercuts are minimal. Assistance in mould design is available from the 
basic silicone rubber suppliers. Silicone mould-release agents are unsuitable 
for use with silicone rubber Household-detergent water solutions of 0 5-2.0% 
are recommended for spray or brush applications to the mould. A thin layei 
is preferred to avoid build up on the mould.
Extrusion

Gaskets, tubing, tape, wire and cable, seals, rods, channels, and hoses 
in a variety of shapes and sizes may be extruded. The equipment is similat 
to that used with organic rubber When silicone rubber is extruded, however, 
the low green strength and decomposition temperature of the peroxide curing 
agent must be cbnsidered.

Typical extruders have screws with a length-to-diameter ratio of 10/1 to 
12/1 although shorter screws are sometimes used. A single flight screw is 
usually used but sometimes a second flight is added near the discharge!® 
minimise the pulsating of the extrusion. The screw has a compression raW 
of 2/1 for harder stocks, and up to 4/1 for stickier stocks, or when less 
porosity or close tolerances are needed. The compression ratio is preferao? 
provided by a variable-pitch screw, keeping the flight depths constant fror" 
feed to discharge If the flight depth is reduced, there is a tendency in 1 ® 
longer barrels to build excessive heat. Because of the abrasive nature o 
silica fillers, especially the larger particle sizes, both the barrel and screvis 
should be built of abrasion-resistant alloys. However, many of the orgai" 
rubber houses are successfully extruding tubing and wire and cable, usiiig



nhardened equipment. Both ttie barrel and screw should also be water-
cooled to prevent scorch.

To prevent feeding problems, a roller feed is usually used. The roller is 
(aj from a "har (coiled strips of compound) or from strips removed from an in- 
house mill. The roller should have a higher speed than the screw The breaker 
plate should contain at least two screens (40-200 mesh) to ensure clean 
e x tru s io n s . A fine mesh is backed by a coarser backing screen. This assembly 
increases the back pressure that ensures air removal and better dimensional 
control. The finer screens will give cleaner extrusions, but will slow production 
andwill-have to be changed more often. Usually the screens are not cleaned 
but are discarded after removal.

A front flange assembly is used to hold and centre both the die and the 
mandrel (pin) virtien extaiding tubing. Fine adjustments are made with adjusting 
screws on either the die or the pin. The die should be made from prehardened 
stainless steel and designed to produce smooth flow with no dead spaces to 
hold up material that may start to cure. The pin should be drilled so that low- 
pressure air can be used to support the tubing and keep it round. The die 
opening is often different from both the shape and size of the extmsion because 
of differential flow and die swell. These differences can be compensated for to 
some extent by reducing the thickness of the lasts where the die dimensions 
are smaller. Die swell is also greater if the silicone polymer is branched or if 
the extrusion is spfeeded up. More heavily loaded compounds have less die 
swell. The extrusion can be considerably reduced in size by stretching it 
before cure. Again, the shrinkage that takes place on curing and post-bake 
must be taken into account.

In forming wire and cable insulation, the extruder must be fitted with a 
cross-head. Reinforced hose may also be made by feeding tubing reinforced 
with high-temperature fibre or wire through a cross-head and extruding a 
second layer of silicone rubber over it.

Several methods of vulcanisation are available for extrusions. Hot-air 
vulcanisation is very common and the catalyst is b/s-(2,4-dicholrobenzoyl) 
peroxide. Other catalysts are too volatile and cause bubbling in the extrudate 
and lead to undercure due to loss of catalyst. Two types of hot-air vulcanisation 
3re possible -  vertical and horizontal. In the horizontal type, the extrudate is 
laid on an endless belt and passes through an oven 10 to 30 feet long. The 
wen is usually at 600-800°F although the first zone may be cooler to minimise 
'°ss of the catalyst. Air turbulence should be present inside the oven to 
wprove heat transfer and to drive off the volatile by-products. A vertical hot- 
aif ''ulcaniser with a variable-speed drum at the top may also be used. Cure 
“dually takes place only on the up-cycle, and speeds up to 60 feet par
'"'"We are obtained.



. =ir vulcanisation can be used to cure wire and cable 
Although h r t-a ir j^ c  vulcanisation is usually used because it is much ; 

insulation, continuous steam pg^oxide is preferred
fasterwith speeds up to t .  scorching. Continuous-steam
,0 2,4-dlchloroben oyl pe o^de^ to ,„^p ,icated . Other less

T p e  o T v S  are steam autoclave vulcanisation, ho,-li<,u,
" a f c n  and fluidised-bed vulcanisation.

C alen d e rin g  unsupported silicone rubber are produced on
Continuous thin s t o t s  ot 'j PP a 3.,^,

a with a 4-roll calender The resulting product gets its
calender or on both s flexibility and good electrical properties andstrength from the fabr c and ,tsflexib î^^^^^

TocTssed at s o ^ r  Speeds than organic rubber The range of 0,2 to 2 feet 
per r^fnute ^  bestforthe start-up until even release from the ro s ,s assured 
I n i  running speeds are generally around 5 to 10 feet per minute

Silicone rubber is often calendered onto fabrics such as g'ass iiylon, 
a r o m a t ic  nylons polyester, and cotton. A variety of waves are used. Woven 
fibre glass has the best combination of properties and is most commonly 
used with silicone rubber The high-temperature properties of aromatic nylons 
are making them increasingly popular.

A typical 4-roll calendering set-up is  shwon in  Figure 9, An extruder or 
a ram feeds silicone rubber to the first and fourth rolls. These rolls are stower 
and warmer than the centre rolls. Since silicone rubber moves to the faster 
and cooler rolls, it is transferred to the centre rolls. The centre rolls then 
transfer the rubber to the fabric. While the outside rolls may be  warmed 0 
facilitate transfer, the temperature must be l<ept below 130” F in order to 
prevent scorching. If the silicone rubber is unsupported, the fabric is replaced 
with a liner Poyester film, holland cloth, polyethylene and re lease -coa ted  

paper are commonly used. The liner is stripped off after cure or just before 
use if the sheet is to be used green. A major use for green sheet is to cut it 
into strips to build hoses or to manufacture electrical tape. A 3-roll calender 
is actually more common than a 4-roll calender In that case, roll 4 in Figure
9 is eliminated.

Calendering sheet can be vulcanised in a steam autoclave, provided 
the roll is first pressure-taped. The thickness of the roll must be controlled 
and preferably heated inside and out to achieve complete cure. The sheet 
can also be cured or semi-cured by eliminating the liner feed, and bypassing 
the supported or unsupported sheet over a hot drum placed between the 
calender and the take-up roll.
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l . t n c r  
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Fig 9 : S chem atic d iagram  o f set-up fo r  ca lendering supported sheet

Dispersion Coating of Fabric
This technique of fabric coating permits thinner coatings and provides 

more through penetration of the fabric than does calendering. A thin co^ 
from a 5-15% siiicone-rubber dispersion will improve the strength and flex life 
of glass cloth, and provide a good “anchor coat" for calendering. Excehent 
hiah-temperature electrical insulating materials, diaphragms, and gaskets 
can be made from glass cloth vtfith thicl^er coatings. Silicone rubber can also 
be dispersion-coated on organic fabrics, and then used in many applications 
such as aircraft seals, radome covers, and general-purpose control 
diaphragms.

The silicone rubber is generally supplied by manufactures in dispersiOTS 
of soft, readily dispersed pastes that have been especially designec^for cloth 
coating. However, any silicone rubber compound can be dispers 
and probably most dispersions are made at the fabricator s p an .

Xylene, toluene and mineral spirits are common 
the fluoroxilicones for which the solvent must be a ketone such as me y 
ethyl or methyl isobutyl ketone. Chlorinated solvents ^
antioxidants, rust inhibitors, and similar additives should be av 
they interact with the peroxide vulcanising agent.

The coating pastes are readily dispersed with a P'°Pe'ler m M  
Compounds containing reinforcing fillers should be freshen , 
thin, cut into small pieces, and soaked overnight in 
cover the compound. The mixture should then be stirred with P P 
mixer until it becomes uniform. The remaining solvent is then add ,



mixing, in small portions. The dispersion should be filtered through an 80- lo 
150-mesh screen (depending upon consistency) before use.

Benzoyl peroxide is normally used for curing because it has a high- 
enough decomposition temperature and a low-enough vapour pressure to 
permit the use of heat to remove the solvent after coating. It is best to add 
crystalline benzoyl peroxide to the dispersion in the form of a 5% solution in 
toluene or xylene. Preventing overheating during or after peroxide addition is 
essential.

Dip-and-flow coating is used for priming and for applying thin coatings 
{for example, coating a 4-mil electrical-grade glass cloth to 10 mils overall 
thickness). Thickness is controlled by coating speed and by dispersion solids 
concentration (ordinatily 5-25%).

Usually, the uncoated cloth enters the dip tank at a 45° angle, passes 
under an idler roll at the bottom of the tank, and then up into a vertical oven or 
coating tower. Excess dispersion flows off the cloth between the tank and 
the tower. The coating tower is heated by hot air, and, ideally is divided into 
three zones. The solvent is removed in the first zone at 150-175°F 
Vulcanisation takes place in the second zone at 300-400°F in the case of 
glass cloth, and at 250-300°F in the case of organic fabrics. When glass 
cloth is being coated, the third zone is maintained at 480-600°F. This last 
temeprature range removes final traces of volatiles, including peroxide 
decomposition products. IVlaximum bond to the cloth and optimum electrical 
properties are developed in the third zone.

Dispersion coating is somewhat faster than calendering, with speeds 
of 10-20 feet per minute common

Dip-and-knife coating is similar to dip-and-flow. However, thicker 
dispersions (35% solids is typical) are used, and a knife or rod is placed 
between the dip tank and the tower The coated fabric is pulled past the knife 
(a second knife can be placed on the opposite side of the fabric) which 
wipes off excess dispersion. Thickness is controlled by dispersion solids 
conrentration and knife position relative to the fabrics. Heavier coatings can 
be obtained by this method than by dip-and-flow

^ '"^ich rotates in
p e S t io n  c'oth movement. This often improves

Heavy-duty Hose

The production of hose on a continuous basis was described earlier in 
the section on extrusions. Heavy-duty hose for autos, trucks aircraft and 
industrial use requires different techniques. Uncured and'semi cured 
unsupported and fabric-supported silicone rubber sheets and tape mav be 
fabricated into ducts and heavy-duty hose. This is done by wrapping a hollow 
mandrel, a collapsible mandrel, a core made with a low-temDerature-melqinq



® Hrv sand core. Aluminium mandrels are widely used, but release
,,|ovorafoun< '̂V sa™ ^ problem. The mandrel should be sprayed or 

' ‘"with a dW e  aqueous solution of household detergent or dusted with

mica or° '  ■ ^ mandrel worKs b e s t  f o r  s t r a i g h t  sections ot hose. Silicone
The ped around the mandrel to the desired thickness. It is

^bbersheets are construction if the mandrel is turned on a
easier to 9® ® ' 9 ^ ^  hose may be made by butt-wrapping uncured tape or
'^ " " . r h e  mandrel or by using extruded and cured tubing.
sheet on ^ a low-tmperature-

Formorecomplexsha^s 3^^

and ?Ji°erature d e p td  upon
,he hose assembly. F°''“ ' X T h r L s e X i s  still warm The release 
and the mandrel is oven post-baked. If a core of a
agent should be washed o« before the pan the
low-temperature-melting alloy has .  . '^sed the brittle core is broken
ciired hose. If a core of foundrv sand has been used,
up to release the cured hose. 

Banding
“ L .

2 .7 s s r r . r : s . r s r : ' — ^
silicone rubber and other elastomers. bonded.

In all cases, it is essential to salts, and embedded
Metal surfaces containing loose scales, oxi . . Metal surfaces
dirt should be sandblasted, sandpapered methvlene chloride oi
should be cleaned with a solvent sue
trichloroethylene. Some surfaces, such as p surface with acetont
should be roughened with abrasives. It helps ^jilute solution b’
before application of the primer, the layer of prime
brushing, dipping or spraying. If the bond is '„„a ted . One ma
may be too thick or the pnmer solution may narticular material
also try several primers to find the one best suiteca 
being bonded.



The typical primer for silicone ruooer nas two types of reactive sites 
The first reactive site reacts with the surface hydroxyls of the metals, glass 
or masonry The reactive specie is usually an alkoxy silane (e.g., SiOMe) 
which hydrolyses to a hydroxy silane that can then form either a hydrogen 
bond or a covalent bond with the surface hydroxyls. A catalyst to speed this 
reaction may also be present. The second reactive site in the primer is some 
type of unsaturation to react with the silicone rubber The hydrolysis of tiie 
alkoxysilanes usually takes place within 60 minutes of the time the primer is 
applied. The reaction with the surface hydroxyls takes place while the primer 
is drying and also during vulcanisation. The reaction of the primer unsaturation 
with the silicone rubber takes place during vulcanisation and is catalysed by 
peroxide.
Bonding Unvulcanised Silicone Rubber

A curing agent should be added to the freshened compound. After 
preforming, the stock should be carefully laid on the freshly primed surface 
Vulcanisation must be done under heat and pressure at temperatures 
appropriate to the peroxide used. Approximately 15-30 minutes at 330-350‘F 
is usually sufficient when using dicumyl peroxide or VAROX, and 15-30 
minutes at 260-280°F, when using powered benzoyl peroxide. A stepped 
oven post-bake is usually required to develop optimum bond strength.

The self-bonding compounds may be bonded to many metals in the 
same manner, except that no primer is required Unlike bonding to pnmed 
surfaces, this technique is insensitive to part geometry and to the degree of 
compound flow in the mould during bonding 
Bonding Vulcanised Silicone Rubber

Cured silicone rubber may be bonded to a primed surface with a 10-40 
mil Interlayer of heat-cunng silicone rubber adhesive. Vulcanisation is 
conducted under heat and pressure The pressure must not be so great as to 
squeeze out the adhesive This bonding can also be accomplished undei 
pressure at room temperature with a room-temperature-vulcanising silicone 
rubber adhesive Both techniques can be used for splicing, or for bondinc 
cured silicone rubber to itself

The self-bonding compounds are excellent for bonding cured silicon! 
rubber to itself, and are recommended for splicing These bonds will usuall' 
be stronger than those obtained with adhesives 
Post-baking

With trimming or deflashing, oven post-baking is often the final step ii 
the fabrication of silicone rubber parts. Post-baking removes volatile material 
such as low-molecular-weight silicones and peroxide decomposition product; 
Removal of the low-molecular-weight silicones results in less shrinkage late 
and in low extraotables. Removal of the peroxide decomposition product



.  putjber
rsion resistance, compression set, electrical properties, chemical 

improves reve^^ substrates.
resistance, forced-air circulation with no dead-air pockets. Air

Sufficient to keep the oven atmosphere outside the explosion 
flow should ^ (|,,g rubber. Oven vents to the outside of the building

t h e  volawe that they are not plugging up and
swuld be P grgj^re control should be ± 10”F and the oven should
reducing a ^e equipped with a temperature-iimit
'swittCand a ° L t y  switch should be provided to turn off the heat if the

' ' ° ' " l t r u t b e r  charge should be on stainless steel trays designed to p r o ^  

oTe ano°thl"r%Thl'would\to

r ^ a r .  50-F above - i c e  ̂  ̂ S t J e ^ ^ t e "

r s : r A l? 2 ,4 - d r c h t r o b e l ic  acid and benzoic acid will cause internal 
reversion if the part containing them is not slep-cure .

, , e r e a r e n o s e . . n n g «

^ r i= . r s i^ L : r s h a p e o f t h ^ e p ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

and the air flow through the oven, have ) followed by 4 hours
A possible schedule for a thicker part is 3 hours at 3UU 
at 350T followed by 10 hours at 400 F

LIQUID SILICONE RUBBER COMPOUNDS „ ,ow have a

The silicone rubber polymers we have , g
common formula with the polymers in liquid silicone rubbers, .

CH,

.Si - o
1
CH,

CH.

- S i - x
1
CH)

However, while n = 200-1500 for ^ s ^ p o ° [iq u W  silicone rubber,
3000-11,000 tor the conventional silicone rub ^  typically hydroxy, 
the chaln-stopper X depends “ V ^ ^ i ^ i ^ o t  ru re^s
vinyl or methoxy. For the conventional si compounds have
is typically methyl or vinyl. The liquid , ,3,ng(RTV) rubber, but the 
historically been called r o o m - te m p e r a lu r e  vulcanised at higl"
group does contain some compounds whic



temperature. Indeed, tlie high-temperature-addition-cure liquid systems have 1 
a combination of easy processing, fast cure, and excellent physical properties i 
Good growth is anticipated in this area as experience is gained by the 
processors.

Liquid silicone rubber is not quite as old as the higher-consistency I 
silicone mbber. The production of liquid silicone rubbers requires careful quality 
control if the material is not to cure prematurely or too slowly. Thus they are 
sold as "ready-to-use" products.

Suitable compounding ingredients include the silicone polymer, cross­
linker, and catalyst as well as the usual reinforcing and extending fillers, 
colour pigments, heat age additives, adhesion promoters, stabilisers, 
thickeners, plasticisers, and other additives.

Liquid silicone rubbers come in both one- and two-component systems. 
Chemically they can be subdivided by cure type into the three categories 
below.
Condensation Cure -  One-component

These are called one-component systems because both the catalysl 
and cross-linking agent are incorporated in the base compound at the time of 
manufacture.

These one-component systems are dependent on moisture for curing 
They are generally made by compounding a silanol-stopped silicone polymer 
with an excess of cross-linker. A reaction takes place during compounding, 
end stopping the polymer with the cross-linker

Upon exposure to atmospheric moisture, further reaction takes place, 
leading to cure of the rubber. Both steps are shown below -

i. Reactions during compounding

/  Me  ̂
1

Y ' Me ^ Y

H O - - S i— 0 -  
j

j
— H + MeSi (Y ) ,— -MeSi 0 — Si - 0 - — Si— Me

V Me 1
1

Y ,M e ^ „  Y

2. Reaction during cure 
I

2—SiY + 2H,0 ~>

2 -S IY  + H,0 -> -S iO H
I I



 ̂ first at the surface, and then progresses inward

^ththe diW classified as acidic, basic, or natural, depending on
"h^bvnroduct hydrolysed during the cure. Acids released are 

(denature of the byP released are cyclohexylamine and

I tra l graupT^tjutylamine r^eu
aminoxy, and am. ^  catalysts are used in small amounts

° S c m a ^ L e l l e n t  adhesive seala
“ ed to form films from solvent dispersion,

condensation because the cross-linker

These ar added to the base compound just before use. They
a„d(or)cataly^must be a chain-stopped polymer The cross-
are “  s iL e  or oligomers thereof (e.g., ethyl o-silica e)
linker is usua ly an alkoxy sm ^3 dibutyl-tin-diacetate^
and the catalyst is °  9 riiiaurate Theatalyst level is generally much 
dioctyl-tin-maleate or d * u W ^ , la u  ate^^ one-component.
,gher in the

can accelerate the cure. ^

6 J iO H  .  (EtO)3 SiOSi (0 E t)3 - ( - U 3  SiOSi (O S i-),

I '

These are usually ?n mis^case^
is possible if the catalyst is inhibited suffic y  These
must be volatilised, or decomposed by heat iri cross-linker to
systems are made by adding a P°ly' “ " ' = f  “ ^ , V e  polymer is more 
a vinyl containing silicone polynier. Vinyl on ^
reactive than vinyl on the chain. The catalyst is u y  ̂
alltiQugh palladium, rhodium and ruthenium are ^

- S l - H  + CH, = CH S i - 4 - C H - C H - S H -



The reaction is exothermic, but the concentration of reactive groups is 
too low to cause much of a temperature rise. This system is used where ' 
deep section cures are needed in a confined space since there are no volatile 
by-products. They have excellent resistance to compression set and to 
reversion. Applications include flexible moulds, dip-coating, and the potting 
and encapsulation of electrical and electronic components.

The cure rate and physical properties of all the liquid silicone rubber 
compounds can be varied over a rather wide range by suitable choice of 
polymer type and molecular weight, reinforcing and extending fillers, pigment, 
cross-linker, and type and concentration of catalyst.

RELATION BETWEEN PROPERTIES OF CRUDE AND CURED SILICONE 
COMPOUNDS

In silica filled silicone rubber, a sharp increase in elastic modulus or 
conductivity appears when the silica loading exceeds a critical value (see the 
thin line on Figure 9). The experimental data are well-fitted by a power-law as 
in the case of a percolation mechanism.

The microscopic observations corroborate the connectivity of the silica 
particles after the critical threshold.

Microscopy also reveals that the filler particles in the established networl( 
are always separated by the bound which surrounds the particles.

When using different kinds of silica, it can be demonstrated that this 
threshold coincides with the optimum of elongation at break versus filler 
concentration (Figures 9 and 10).

Moreover, if one uses the elasticity law in the limit conditions, ultimate 
strength behaviour can be deduced from those of elongation at break and 
modulus (Figure 11). Other obviousness of the influence of the filler network 
can be found when studying the swelling of the vulcanisates

So, it seems reasonable to attribute the ultimate properties behaviour 
of the vulcanisates to the organisation of the filler particles which is already 
established in the corresponding crude compound.



Reclaimed Rubber

introduction
Rpdaimed rubber is the product resulting when waste vulcanised scrap 

hh»r is treated to produce a plastic material which can be easily processed, 
I c o  nred and vulcanised without the addition of either natural or synthe ic 

hhers lUs recognised that the vulcanisation process is not truly reversible: 
T o t er a n  accepted definition for devulcanisation is that it is a change in 
Licanised rubberwhich results in a decreased resistance to deformation 
ordinary temperatures.

Reclaimed rubber is manufactured by suitable 
worn out tyres, tubes and other used rubber articles 
agents A substantial devulcanisation or regeneration 
cLpcund ,n this process whereby its cnginal plasticity 
itr^ay be stated that reclaiming is essentially a depo'V™ ^ton ^  
where the combined sulphur is not removed. The '" ^ a ^ o r
the manufacture of rubber goods, with or without admix 
synthetic rubber.

Recycled rubbercan be more generally described ^  as
waste that has been converted into an r and die-cut
reclaimed rubber, ground rubber, reprocessed synthetic rub
punched parts. ...

products.
In order to make a high-quality reclaim, the ((^ife

the rubber scrap by soaking the rubber in water, and t en 
and starting the rubber from the cloth and stripping it off. But 
sffective way to produce large quantities of products.



TYPES OF RECLAIM
A variety of grades or reclaimed rubber is offered today, but mention is

made here of only the important ones.

Whole Tyre Reclaim
Whole tyre reclaim is the one produced in the largest quantity. First- 

quality reclaim made from whole tyres contains about 45% rubber hydrocarbon 
by weight. The remaining 55% consists of valuable carbon black, a liitie 
mineral filler, and softeners, all of which are substantially unchanged by the ! 
reclaim manufacturing operation, and may be considered to function as virgin 
materials. The manufacturing process of tyre from reclaim rubber is shown in ' 
Figure 1.

Coarse ^ n d  I

Digester

Washing
diyer

Fiber separation 
fine grind

Heater or 
rcclaimator or 
dynamic devujcanisation

Miilioom
Fig. 1 ; Flow diagram o f m anufacturing process fo r  whole  tyre  reciaim

Minimum Staining Reclaim
Minimum staining reclaim can replace the conventional whole tyre 

material when occasion demands. As implied, it has a much lower tendency 
to stain, by either migration or contact, than conventional reclaim. The 
reduoUon in staining characteristics is acheived by the use of activated-carbon 
non-staining oils and by selecting tyres containing a higher proportion of 
natural to synthetic rubber'
Drab and Coloured Reclaims

As the names imply, drab and coloured reclaims are made from non­
black scrap. The digester process is usually employed and, when fabric is 
present, a small addition of caustic is made in order to destroy it The period 
of heat treatment is usually several hours at 195°C.



Butyl Rec'a'"’  f^a^g been successfully produced from scrap
other speciality rubbers, the only one of substantial 

CR, NBR- SI, a" .g butyl reclaim. The starting material for this is butyl 
commercial ^  ter process is adopted, every precaution being

con tU ina ton  by NR or SBR, because of their adverse effect 
,3̂ en to avo'd tests are necessary

the =“ ^ 9  " r i n g  properties are satisfactory. The nerve of butyl reclaim 
" " ' f  Hured oorripafed with that of the original polymer Because of this,

' " ^ T L u g h  the acid

S i : ; : c ^ o " : ^ “ rg L n g ^
were coming on the market many types of g _  method. If the
bicylcle-tyre scrap, that could not ‘. ' ^ a p s ^
high quantities of free sulphur in such types o process
they tend to cause further vulcanisationduringtheopenste^^

rather than devulcanisation. Something better wa

Abreakthrou9l\came vi/ith the invention ,g"goi^tjon of
a W  d/gesfer process. The ground ™‘̂ ^®j bout 20 hours. This system
cSusltc s"o3arwe're cooked at high pressure ^  ttie rubber scrap
caused the defibring, desulphuring an̂ d type of rubber
silin one step. This technique could be ^  ^ ^hich involved
scrap available at that time. Later, on an '7P™''^^33^7develcped. This is 
steam-jacketing the vessel and agitation of the
the cooking method used by most reclaimers. ,„,„nm pnts

In the devulcanisation of °  quality of

of mill used to produce a much more smooth an 9
would othemise be possible, T h e ^ ® ' * ^ g  tion of invention of the
remove foreign matter from the rubber. With the e P
reclaimator.
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RECLAIMING PROCESSES 
Scrap-rubber Preparation

The first stage of any reclaiming process is size reduction of the scran 
This is most generally accomplished using corrugated two-roll c r ^ e r  mijs 
Other types of equipment have been employed such as a rotating cutter to 
obtain a rip, tear, or shear action, while others have rotating-knife slitter actions 
The capital cost for these types of equipment is less than for a standard twô  
roll cracker installation; however, in most cases they have not been proven to 
be heavy-duty enough to withstand 24-hour operation.

The tyre bead wire is either cut from the carcass before grinding or 
manually removed after the first pass through the cracker At many points in 
the system, the ground rubber is passed over magnetic separation equipment 
to remove remaining bead wire and steel belt wire. Gyratory classifier screens 
return the oversize rubber particles to the cracker for further size reduction 
There may be more than one stage of grinding before the desired size of 
approximately 3/8 inch is obtained. At this point, the coarse-ground rubber 
could be conveyed to the digester or processed further for one of the other 
devulcanisation methods.

The fibre from the coarse-ground tyres is removed by some sort of 
fluidised-bed, specific-gravity table. The action of controlled streams of air 
moving through a bed of ground mbber on an inclined gyrating table of special 
design causes the fibre to separate from the clean rubber The size of the 
rubber particles may now be further reduced to perhaps 20 or 30 mesh by 
fine gnnding. Fine-coroigated, high-friction mills are employed in this operation 
Reclaimed Rubber

By the application of heat and chemical agents to ground vulcanised 
® =^'^='3ntial regeneration of the rubber compound to its original 

n ?  M known as 'reclaim' or reclaimed
Lr^I<= t I, compounded, and revulcanised The

'^«P°ly^erisafon, Reclaimed rubber has become 
weidely accepted as a raw material which possesses processinq and

The raw material for reclaiming is scrao ru b h o r m ^  
forms, but tyres, as is to be expected' form m ^ r q ' : a n . r r

The first stage, in all processes, are the cracking and arindinn nf the 
scrap rubber to reduce it to a crumb passing through a 20 to ao mesh Lreen.



n/aes<e/-P«>cess
rie time, most reclaim was made using ttie digester process, A 

, s essentially a steam-jacketed, agitator-equipped autoclave, mounted 
horizontally or vertically. This is a wet process in which the coarsely 

scrap is submerged in a solution of water and reclaiming agents, 
9™“ " agents may include many types of light and/or heavy oils, naval stores, 

tar and coal tar pitches, and chemical peptisers.
Until the advent of synthetic rubber, the digesting solution also included 
tic soda to remove free sulphur and to act as a defibring agent. In fact, 

process was generally referred to as the alkali digester method.
The ground waste is loaded into a digester along with water, reclaiming 

okils and other additives, such as activated black (for minimum staining 
arades). The digester is a cylindrical jacketed pressure vessel fitted with a 
horizontal agitator, and steam can be supplied to both interior and jacket, 
thus enabling a uniform temperature to be maintained throughout the mass. 
The contents of the digester are then heated to about 190*C and maintained 
atthis temperature for some 4-10 hours with continuous agitation. The digester 
is then 'blown down', and the contents deposited on to a conveyor Any 
necessary adjustments to the specific gravity and plasticity by addition of 
plasticiser, carbon black, or fillers are carried out in a ribbon blender, and 
stock is then automatically conveyed to extruders for straining, refining, and 
leafing on to a drum from which it is removed in slabs.

Reclaimator Process
The reclaimator process is the only commercially successful continuous 

technique for devulcanising tire scrap; all the others are batch processes 
Tyres are ground, the metal and fibre are mechanically separated, then the 
rubber is further ground to a fine particle size This fine-ground rubber and tte  
vanous reclaiming agents are all metered into a blending system and conveyed 
to the reclaimator.

The reclaimator is a special type of screw-extrusion machine. It is 
lacketed to provide for several zones of contolled temperature using ei 
liot oil or cooling water; in addition, the clearances between the screw a 
the chamber wall are close and adjustable The object is to 
rubber to a controlled amount of high heat and pressure in a Mfitinuou y 
moving environment. The residence time of the rubber in the machine is es 
than 5 minutes. During this period, the rubber undergoes devu canisa lo 
After the softened rubber is discharged from the head 
cooled and further processed in refining mills just as is done in other rec ai 
methods

It can be shown that ground vulcanised rubber heated in a 
krange of 120-200X underqoes a rapid initial increase in plasticity, and. on



continued heating, passes through an inversion point and rehardens unit 
after prolonged heating, a further but slower increase in plasticity is attained 
It follows, therefore, that three points of equal plasticity occur in this cvcIp 

(Figure 2)

Fig. 2 : P lasticity time curve fo r rubber In steam at 170°C: note tha t t iie  more 
plastic the material, the lower the W illiam s p lastic ity  value because it is ths 

pe lle t th ickne ss  a fte r co m p ress ion

Although this behaviour is characteristics for certain vulcanised rubbers
the resultant plasticity-time relationship will vary with the type of rubber!
reclaiming agents, and physical conditions used. Synthetic rubbers behave
IhP iniT r '  but the rehardening process tends to predominate, so
mnlr tess marked and can only be achieved

under special conditions.

the completed the cycle mentioned above,
r^n r  process depends on arresting the reaction at the point where 

the initial rapid increase in plasticity is achieved in the presence of olasticisers 
oxygen, and catalytic materials. The rapid heating oMhe rubber w S s  
being worked mechanically gives the desired plasticity in a matter of 3-6 
minutes. The total cycle time is only 30 minutes^nd the ^ocess !s enlireS

The reclaimator machine, from which the process takes its name is of 
the screw extrusion type with a hopper at one end into whiS  the c r i b  
previously mixed with oil and chemicals is automatically fed a7a predetlrr^^d 
rata It generates its own heat for depolymerisation by mechani4tv Z k 'n q  
the finely divided rubber crumb under pressure, and then discharoes it as

.7 .“  ............................



■{jjed Rubber
material for this process is whole tyres, and, in the preparation 
fabric is removed mechanically by a series of operations in 

j„necrurnbn screens, harmer mills and reel beaters, air
,̂l,ich avitv tables are used. The reclaimed rubber is compounded

joialion, ana 9 sheeted using conventional machines. The full
jsnecessaj^^^ operations is shown in the flow charts (Figures 3

the simplest of all the reclaiming processes. A "heater" is a 
, .P sir^Qle-shell horizontal pressure vessel or autoclave. The ground rubber 
^ mted with reclaiming agents in an open ribbon mixer then placed into 
f l i n t s  rolled into the vessel. The main consideration ,s to allow an even 
“  e X  of heat in the mass of rubber. To achieve this uniform stearn 
S r a  on shallow pans or boats equipped with hollow metal pipes or inverted 
T ^ o n s  are used as the stock containers. Live steam at pressure of 
100-250 psi with cycle times of 5 to 12 hours are typical.

The raw material, fabric free, is cracked on the same Wpe of eqi^pment 
as for whole tyre The ground waste intimately mixed with the required oils is 
toaded into steam vulcanisers and subjected to steam heating 
the order of 10 kg/cm^ This is followed by ®nd retaing in the
conventional manner. Not only NR and SBR scraps but also HR, CR and NBR 
compounds are reclaimed by this method.

Engelke Process
This process is extremely simple as it requires no wetting 

or elimination of the fibre. Vulcanised scrap rubber con 
subjected to very high temperatures tor short periods of . . j
and upwards, in small autoclaves. Any fibre is completely ^^rbonised m s/to 
throughout the mass The cracked stock, when necessaiy. P 
with plasticising oils and peptisers. The reclaim is strained a 
usual manner.
Testing and Evaluations o f Reclaim ed Rubber

The+esting and evaluation of reclaimed rubber includes both chemic^ 
and physical testing. Although the list of tests given 
comprehensive, the decision as to which tests must be app i P aareed 
reclaimed will depend upon the end product and the ^
between the consumer and manufacturer. In general, the e 
those laid down by the BSI for the testing of vulcanised rubber.

DYNAWIIC DEVULCANISATION
The digester process has been used for decades, ^ °

of axcellent^uality reclaim have been produced. However, it became apparent
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that the many problems associated with this process doomed it to extin r 
The digesting solution had to be disposed of after each cook; this ca 
water pollution. The rubber had to be washed after the cook; this caused 
loss of some of the finer particles of rubber as well as produced more wat ̂  
pollution. The wet rubber crumb had to be dried with large amounts of wa^ 
air; this caused air pollution. The drying step also required large amounts of 
energy The cycle times were long; the overhead costs were high. A bette 
process was needed. ’

Table 1 : Test applied to reclaimed rubber

Chemical Physical

Acetone extract Carbon Visual inspection for smoothness andfreedMTT~
black content from metal conlamination
Ash content and composition Plasticity

Total polymer content and Specific gravity
composition Rate of vulcanisation

Chtorotorm ertraci Physical tests on the vulcan.sed reclaim
S iilo s e  ™ '' ® slo^astion, tear strenglh.Cellulose content and hardness)

Acidity or alkalinity Staining characteristics
Colour and odour 
Extrusion rate

incorporation characteristics

procels bnf >̂ 6 problems of the digester
cootono T  '' ^ satisfactory method for
“ c°a m t h ^ l "  ' * “ '^satisfactory for whole tyre
reclaim, the cooked mass IS much too non-uniform.

of the dto^sterTnd ‘^e best features
shaft dtwn t  axis nn wh ^
When the Shaft is rotated,

drying; there is no water pollution The steam biowHn
treated in some other way to avoid ai p o I , “ r b r h i T r '
problem than with the digester process Since ttle re il^n  ^
wash cycle, the scrap tyres can'̂ oe ground m u c h ^ i o  r t h  r t ^ T h , :
fine-ground rubber allows a much more uniform-distribution of thA r ^  p
chemicals used in the process and results in a higher-quality product



H amicdevulcaniser enables a higher-quality product and also a 
T * ! ® I  gpg The finer particles of rubber and its continuous agitation 

^oreeconomi p^ggg^res and shorter cycles. The greater unifomnity of
allow s allows higher production rates in the millroom. Both of
*'® increase productivity and reduce costs in a very capital-intensive
(,esefa™ reclaim is to compete against synthetic rubber in the
industry

market
Millroom Operations

Tho rubber that has been softened by one of the methods descnbed 
.  J k  then converyed to the millroom for the final stage of the reclaiming 

The stock is generally first mixed v^h  weighed amounts of pigments, 
black or other ingredients in a blender. Next, an extended barrel 

“  e straine; may be used to warm and plasticate the stock. It is then fed to 
r  qh-fnction breaker mill and on to the strainerwhere tramp metal and other 
o l n  particles are removed. The final milling step is the finishing refiner. A 
hiah friction ratio for the refiner mill is achieved with different-size rolls turning 
atconsiderably different speeds. The rolls are set quite tightly to ^ 'hin 
sheet of rubber. The object is a product that is smooth, uniform, and free o 

grain or lumps.
In the past, the finished sheet from the refiner was ^  w '^ u p

drum and allowed to build up to a thickness of perhaps an ^
cut off by hand with a small knife. The resulfing rubber slab was Ousted ^nd 
stacked. Today most reclaim manufacturers use balers to package their 

product.

THE ADVANTAGES OF USING RECLAIMED RUBBER
The primary, but not exclusive, advantage of using Reclaimed rubteri^^ 

the manufacture of tyres and other mbber goods is one of . .pr lairried
course, the direct cost savings resulting ft-om the lower cost o 
product as compared to natural rubber and virgin synthetic ru _
are equally important indirect cost benefits resulting from the p p 
reclaim.

Special strengths Through Reclaim ing

Whole-tyre reclaim is extremely uniform due to jg
that occurs at every step of the manufactring process. modified
best considered as a unique new raw material rather man 
SBR/natural blend. Just like any other ingredient chosen y . ^ ^ 3 5

to be incorporated into a formula, the raw material -  
its specific purposes. The purpose of reducing
certainly a legitimate one; however, there are o t h e r , hut real
in a formula that will result in processing advantages and
Savings.



When the vulcanised tyre rubber is reclaimed, it is softened through a 
reduction by scission of the molecular weight of the cross-linked elastomeric 
chains That is carbon-carbon bonds in the synthetic and natural-rubbet 
Dolvmers are broken, not the sulphur cross-links that are formed when the 
wre IS vulcanised. The result is a system of cross-linked fragments that is 
much more "three-dimensional” in nature than the original polymers.

The three-dimensional character of the rubber fragments causes the 
reclaim to have properties different from the originattyre compound. The 
shorter length of the polymer chains that make up the fragments give a lower 
tensile strength than the original compound when the reclaim is revulcanised. 
However the three-dimensional nature of the fragmented elastomers in reclaim 
also produces some very desirable properties. The most important of these 
is the dimensional stability and reduced nerve imparted to compounds that 
include reclaim, improving the rate and the gauge stability of calendered and 
extruded stocks. The improved calendenng production rate and lower reject 
rate result in significant cost savings that should be considered in the 
calculation of formula costs.
Further Advantages of Reclaiming - Applications

The intense mechanical work and chemical treatment given to the rubber 
in the reclaiming process result in further properties very beneficial to the end 
user. Reclaim can be expected to break down in mixing much more quickly 
than virgin polymers. This means that the mixing cycle can be shortened or, 
in the case of a two-pass mix, the reclaim can be added in the second pass 
The reduced mixing time equals more indirect savings in the form of greater 
productivity - more product using less labour and overhead cost per unit.

In addition to the reduced mixing time when using reclaim, studies 
have shown that there is a sizable reduction in power consumption during 
mixing. This is significant at today's power cost, and will become even more 
important as the cost of electric power continues to escalate.

Reclaim can be used in a great many different applications. Where 
cost is a primary consideration and tensile strength requirements are not 
particularly demanding, reclaim can be the sole source of polymer. Examples 
of such products are mats and semipneumatic tyres. In other cases, reclaim 
is blended with virgin synthetic and natural rubber. The virgin polymer adds 
strength and the reclaim contributes to improved processing, cooler mixing, 
and less sensitive, less scorchy cure systems. Such applications include 
most of the constituent parts of both passenger and truck tyres, bias and 
radial-ply

Formulating with reclaim is not difficult, but the compounder must 
remember that reclaim, unlike most processing additives that do little to the 
cure except for dilution, enters into the cure system. The reclaim elastomers



.  ovprall cross-linked system. However, rt is unreal.sttc topart of the overall cr

“̂ S  °P r r = , i n  the same when reclaim is added. The optimum

wre syslenn must be ̂  proporlions of virgm rubber
„ev(tienevercha g ^^er, and energy-consumption savings

T-he material, - “̂ " ^ g r  are but a part of the total benefit of its use.,,sociated with reclam ed rubbera^

Tuese savings are accrue to our society as a whole. They
aspects to the use o< f hundreds of people in the reclaim industry and the 
S d e  the ® '^P '°^ ^T 2 ^L rs ^ [ o r a ^ L .  They also include the conservaton 
alleviation of conservation of the energy required to convert
of petrochemical ''3 '^'™ “  rubber and conservation of the foreign
S n T e ^ n ^ d e d C p a y  for imported oil, a large proportion of the 

^trochemicals' source.

road tyres
ii. Tubeless passenger-tyre innerliner

iii. Inner tubes
iv. Sem ipneumatic tyres

V Automotive floor mats 
Vi. Mechanical goods
vii. Adhesive, sealing, and tape compounds

viii. Rubberised asphalt.  ̂ in various application!

are given below- 
iiitnmnhilp floo r mat

Ingredients
/ [̂IIUUKk

■—-------  250.00
Whole tyre premix 70.00

SBR1712 200
Zinc oxide 2.00
Stearic acid 2.30
Benzothiazyl disulphide 0,56

Methyl zimate 5-00

Sulphur 70,00
t  Hard clay



Calcium carbonate 

Austin black 

Process oil

85.00
95.00

20.00

Cureat316“F-6 min

Semi'penum atic tyre

Whoie-tyre premtx 170.00

SBR1&49 98.00

Hard day 150,00

Whiting 50.00

Mineral rubber 20.00

Tactcifter 15.00

Zinc oxide 3.00

Stearic add 3.00

Antioxidant 0.50

Sulphur 6,00

N-tert-butyi-2-benzothiazole
sulphenamide 2.00

Tetramethyilhiuram

disulptiide 0.40

30-mesh ground rubber 10.00

Aromatic process oil 20.00

Cure at 350^-7  min

Butyl inner tube

Butyi 218 81.00

Butyi reclaim 25,00

Paraffinic plasticiser 20 00
Zinc oxide 5.00
Tetramethyilhiuram disulphide 1 00
Mercaplobenzothia2ole 0.50
Sulphur 1.75
N-660 carbon blaci^ 60,00

Cure at 340°F-5 min



innerlln®!^________________________________ _____________

SBRISOO 

Buty reclaim
Stearic acid 
N_660 carbon black 

Dixie clay
piccopale 100

Austin black 
parafflnic process oil 

Zinc oxide
TeUamethylthiuramdisulpWde

C ureat350T-1S m in

50.00

35.00

30.00 

1.50

30.00 

60-00

5.00 

10-00

16.00 

3.00 

0,25 

0.25

Carcass _______ _____________ ______ _____
No. 1 ribbed smoked sheet 40.00

SBR1500 46,00

Whole-tyre reciaim 45.00

N-660 carbon blacK 1.00

Stearic acid 14.00

Naphthenic-process oil 3.00

Petroleum resin 1.00

Antioxidant 1,00

OBTS accelerator 3.00

Insoluble sulphur
Cure a t350"F-l5m in

RUBBERISED ASPHALT can be traced back to

The concept of using rubbers to ^^en asphalt became a
the very early days of "  r e S e s
basic construction material. Many W  ^
been tried. In the earliest work 'a'"'®® polymers. The concept of u^ng
were evaluated along with dry forms of .̂ .gi gnd technically
recycled rubber began to emerge as an ec ^-onibinations of asphalt 
method for enhancing asphalt P^OP® '̂®. . ,.ious paving applications, 
and rubbers have been found to have utility m vanou



The incentive for asphalt modification derives from the extrem 
temperature sensitivity of asphalt. The viscosity of asphalt w/ill change grsat! 
between 10° and 50°C. Moreover, at room temperature and above, most 
asphalts are only weakly viscoelastic. On the other hand, their brittle points 
lie fairly high, typically between 40 and 45°F (4 and 7°C). With these asphalt 
properties in mind, the objective of polymer modification of asphalt is to inhibit 
flow at elevated use temperatures while simultaneously improving low- 
temperature flexibility. In practical terms, addition of rubber to asphalt will 
typically increase its softening point and lower the brittle point.

During the past couple of decades as the use of recycled rubber in 
paving applications has increased, terminology defining the various types of 
recycled materials has also evolved. The majority of usage has concerned 
ground whole-tyre mbber and ground tread rubber. Use has also been made 
of devulcanised or reclaimed rubber.
Applications

Asphalt njbber in paving applications takes many forms, but the pnncipal 
ones are as follows -

i. Asphaltic concrete hot mixes.
ii. Stress-absorbing membrane inner layer.
iii. Stress-absorbing membrane.
iv. Joint and crack sealers.

In the preparation of asphaltic concrete hot mixes, the rubber may be 
added directly to the pug mill used for mixing the asphalt and aggregate. For 
example, a powdered devulcanised reclaimed rubber can be added in an 
amount ranging from 0.7 to 1.0 weight-per cent on total aggregate. The resulting 
asphalt-concrete mix results in a pavement that exhibits less reflection 
cracking and reduced rutting, shoving, and bleeding.

blenrt k  "^s^branes (SAM) or seal coat, the asphalt-rubber
then h ln n t r  P ' f  ‘he asphalt, adding a diluent, if required, and 
ThTnrn^ rt the rubber components at 350" to 425“F (175“ to 220“C).
total K  Th»° of 20-25% by weight of the
to al blend. The resulting asphalt-rubber mixutre is then sprayed on the road
surface using a pressure-type bituminous-dlstributor truck The aoDlication

S ' M W  “r S  ®‘ I"* ~bb." bW,

In stress-absorbing membrane inner layers (SAMI) applications the 
preparation and installation of the asphalt-rubber system i s S c a i  tn he 
system used for stress-absorbing membranes (SAM). However the Si^tton 
rate may be somewhat higher, e.g., up to 1.0 gallons per square yard t t e r



1-1 C i n c h e s  o f  a s p h a lt  

- p r e p a r e d  jo in t  s e a le r s  

u c v u n - a n .c e d  r u b b e r  in to  a s p h a lt  

c e n t .  J o in t  s e a le r s  m a y  a ls o  b e  

u s e  in  t h e  f ie ld .; » t  a  a c t o r y  a n d  p r e p a c K a y c u  ------------------

~  m e  u s e  o f  r e c y c le d  r u b b e r  in  p a v in g  a p p l i c a t io n s  p ro v id e s  

®‘" " '^ ? l i s in g  a  m a t e r ia l  t h a t  i s  o t h e r w is e  d is c a r e d  a n d ,  m  a d d it io n ,  

; : : S . h J f o l l o w i n g a d v a n t a g e s -

'  , Reduction in r e f l e c t i v e  c r a c k in g  ,  ■

' w a te rp ro o f in g  th e  p a v in g  s t n ic t u r e  a n d  th u s  p re v e n tn g  w a te r  i n f i M o n

“ ■ ”  b a s e  of t h e  p a v in g  s t r u c t u r e

iii Less tendency for r u t t in g ,  s h o v in g ,  a n d  b le e d in g

■: Reduction in spalling of asphaltic concrete around pot holes and 

large cracks
V Loer paving-maintenance costs 

Vi Lower total life-cycle costs.
R E « 0 K 0 FW A S TE R U B B E R FR 0 ^  LATEX B A SED R U B B ER

" N a t i o n  o f a h i g h e r p e r c e ^

(W LR) is  d u e  t o  t h e

W a s t e  c o n d o m  is  u s e d  a s  t h e  s t a r t in g  m a te r ia l.  T h e  r e c la im  g g
used is a c t iv a t e d  p e n t a c h lo r o t h io p h e n o l .  ,  m il m il l

T h e  w a s t e  r u b b e r  i s  l^ a d ^ m -^ ^
(60-90”C )  to  a  s i z e  o f  a b o u t  4 0  m e s h  T h e  P o w  re c la im in g  a g e n t

10 pa rts  b y  w e ig h t  o f  n a p h t h e n ic  o il  a i r  o v e n  a t  d if f e r e n t
in a c o ld  m ill.  T h e  r e s u l t in g  c o m p o u n d  The extent of d e g ra d a t io n
tem pe ra tu re s  ( 8 0 - 1 4 0 “ C )  f o r  d t f fe re n t  p e n o d s  o f  m a  
IS a s s e s s e d  b y  m e a s u r in g  t h e  W a l l a c e  p la s t ic it y  o f  t h e  t r e a te  

resu lts a r e  g iv e n  in  T a b le  2 .  uu i

C h a r a c t e r i s a t io n  o f  R eclaim ed Waste Latex Rubber (^ l k )

C h a r a c t e r is t i c s  l i k e  v o la t i l e  m a t te r ,  a s h  “ ^ ° a s % r  I S  6 3 0 6 -
rubber h y d r o c a r b o n  o f  t h e  r e c la im e d  W L R  a r e  d e  fo,- t h e  a b o v e
1971. R e s u lt s  a r e  g iv e n  in  T a b le  3 . For c o m p a r is o n ,  , ^  a r e  g iv e n  in  
p a ra m e te r s  f o r  W h o l e  T y r e  R e c la im  ( W T R )  a r e  d e t e r m in e d  a n d  a r e  g  

the s a m e  ta b le .



Table 2 : E ffe c t o f  do sa g e o f re c la im in g  a g e n t, te m p e ra tu re  a n d  t im e  o f  heatln 
o n  p la s t ic i ty  ^

SI.
No.

Dosage o f 
reclaim ing 
agent (%)

Tempe­
rature
( X )

Heating tim e 
30 m inutes 

Po

H e a t in g ^ ^  
60 minutes 

Po

1. 0.00 ■ 80 98 98

2 0.25 80 61 57

3. 0.50 80 60 55

4, 1.00 80 61 50

5. 0.00 100 96 94

6. 0.25 100 57 58

7. 0.50 100 58 54

8. t.OO 100 49 53

9. 0.00 120 96 90

10. 0.25 120 66 60

11. 0.50 120 60 58

12. 1.00 120 53 57

13. 0.00 130 95 95

14. 0.25 130 57 63

15. 0.50 130 58 55

16. 1.00 130 49 45

17. 0 00 140 80 64

18. 0.25 140 44 26

19. 0.50 140 41 19

20 1.00 140 24 12

Tab le  3 : C h a ra c te r is a tio n  o f  re c la im

Reclaimed
WLR

Volatile m atter (%) 

A cetone extract (%) 

A sh content (%) 

C arbon b lack {% ) 

R ubber hydrocarbon <

001

15,54

2,40

0 60 

12,97 

7.93 

30.49 

48.01



o s s in q  a n d  t e c h n o lo g i c a l  p r o p e r t ie s  o f  c o m p o u n d  c o n ta in in g  
is e v a lu a t e d  in  c o n : ip a r is o n  w ith  c o m p o u n d  c o n t a in in g  

o f  w T R  F o r  t h i s  3  t r e a d  c o m p o u n d s  a r e  p re p a re d  a s  p e r  
equivalent 4  x h e  p r o p e r t ie s  o f  t h e s e  c o m p o u n d s  a r e  e v a lu a t e d  a s

unnu laS '''® " "  a S T M  t e s t  m e t h o d s .  T h e  t e s t  r e s u l t s  a r e  g iv e n  in  T a b le  5. 
P  re le van t e v a lu a t io n ,  3 t r e a d  c o m p o u n d s  a s  d e s c r ib e d  e a r l ie r

“̂ '^ p a r e d  a g a in  a n d  u s e d  f o r  r e t r e a d in g  c a r  t y r e s  f o r  a s s e s s in g  th e  s e r v ic e

performance.

T a b le  4 ; C o m p o u n d in g  re c ip e

P arts by weight

1 II 111
inqtedients

[liatufal rubbers (R SS.l)
100 80.0 80.0

24.4
RedaimedWLR 41.6
Whole tyre reclaim (W TR )

5 5.0 5.0
2nc oxide

2 2.0 2.0
Steanc acid

1 1,0 1.0
Phenyl-P-napWhylamine 1

N- (1, 3 dimethyl buty l) -N '
4 1 0 1.0

Phenyl p-phenylene d iam ine
1

50 50.0 50.0
HAF black (N 330)

5 5.0 5.0
Aromatic oil
N-cyciohexyi-2-benzothiazyl

0.6

2.5

0.6 0 6
suiphonamide

Sulphur
2.5 2.5

T h e  e f f e c t  o f  d o s a g e  o f  a c t iv a t e d  b T p lS i^ t V ^
and t im e  o f  h e a t in g  o n  t h e  e x t e n t  o f  d e g r a d a t io n  a s  in c r e a s e s

a re s h o w n  in  T a b le  2 .  R e s u l t s  s h o w  th a t  t h e  e x t e n t  o f

with in c r e a s e  in  t h e  d o s a g e  o f  r e c la im in g  a g e n t ,  P  n^iH

heating. T h e  r e c la im e d  m a t e r ia l  i s  f o u n d  to  c o n d i t io n s

When th e  P o  v a lu e  i s  in  t h e  r a n g e  o f  2 5 - 3 0  S o  n  25-3Q, a r e

which r e s u lt e d  in  r e c la im e d  r u b b e r s  h a v in g  p la s t ic it y  [ .p su lts  in  T a b le  
se le c te d  a s  t h e  o p t im u m  c o n d i t i o n s  f o r  r e c la im in g ^  ro  
2. it is  s e e n  t h a t  t h e  f o l l o w in g  c o n d i t i o n s  a r e  s u i t a b le  f o r  r e c la im  n g

1. R e c la im in g  a g e n t  1 %  a n d  h e a t in g  a t  1 4 0 ° C  f o r  3 0  m in u  es^ 

ii. R e c la im in g  a g e n t  0 .2 5 %  a n d  h e a t in g  a t  1 4 0  C  f o r  6 0  m



t r a ils .

Technology of Rubber and Rubber Goods Industries 

In th e  p r e s e n t  s tu d ie s ,  t h e  f ir s t  s e t  o f  c o n d i t io n s  w a s  s e le c t e d  fo r further

T h e  c o m c o s i t i o n  o f  r e c la im e d  W L R  a s  s h o w n  in  T a b le  3  r e v e a ls  thatii 

c o n ta in s  8 2 %  ru b b e r  h y d ro c a rb o n  w h e r e a s  th e  W T R  c o n t a in s  o n ly  4 8 %  rubber 
M r o c a r b o n .  it  i s  o b s e ^ e d  f r o m  p h y s ic a l  p r o p e r t ie s  o f  v u l c a n is a t e s  (Tab le?) 
m a t  a d d it io n  o f  r e c la im e d  r u b b e r  c a u s e s  a  d e c r e a s e  in  t e n s i l e  strength, 

e io n a a t io n  r e s i l ie n c e ,  t e a r  s t r e n g th ,  f le x  r e s i t a n c e  a n d  a b r a s io n  re s is tan ce , 
compression s e t  i s  n o t  m u c h  a f f e c t e d  b y  t h e  a d d it io n  o f  r e c la im e d  W L R .  An 

i n c r e s e  in  h e a t  b u ild  u p  a n d  h a r d n e s s  is  a l s o  o b s e r v e d .  B u t  t h e  com p o und  
c o n ta in in g  r e c la im e d  W L R  s h o w s  b e t t e r  p r o c e s s in g  c h a r a c t e r i s t ic s  and 
Physical p r o p e r t ie s  w h e n  c o m p a r e d  w ith  t h a t  c o n t a in in g  W T R .  T h e  sam e 

t r e n d  is  a ls o  o b s e n / e d  f r o m  th e  s e r v ic e  p e r f o r m a n c e  o f  t h e  r e t r e a d s  (T ab le  6). 

T h e  t r e a d  p re p a re d  w ith  th e  in c o rp o ra t io n  o f  re c la im e d  W L R  g a v e  h ig h e r  mileage 

th a n  th e  o n e  p r e p a r e d  w ith  e q u iv a le n t  a m o u n t  o f  W T R .

Tab le  5 : P ro p e rt ie s  o f tre a d  c o m p o u n d s

Properties 1 II III

1.

2.

M odulus at 300 % 
elongation (kg /cm ^ 

Tensile strength (kg/cm^)

93

273

97

233

95

198

3, Elongation at break (%) 660 604 540

4. A fte r ageing a t 70“ C for 96 hours

a. Retention o f m odulus at 
300%  elongation (%) 129 123 127

b. Retention o f tensile 
strength (%)

95 93 95

c. Retention o f elongation 
a t break (%) 85 81 81

5- Tear strength (kg/cm) 106 86 79

e. A brasion resistance {loss 
in volum e, cc/hr) 0.64 0 .69 0.78

7 Hardness (Shore A) 61 65 60

8.
9-

Heat build up a t5 0 “C  (D T .’ C) 
C om pression set {%)

23
34

25
34

32
40

10, R ebound resilience (%) 51 45 43

11. Flexing (K ilocycles)

C rack initiation 71 42 31

C rack failure 229 179 94

C ure tim e a t 150*C (m inutes) 10 9 9.5

Scorch tim e a t 120 'C  (m inutes) 25 17 14



n u b b e r

T a b le  U ; S e rv ic e  p e r fo rm a n c e  o f  re tre a d s

2 1 7

carpound

NO

O riginal
non-sKid

depth
(1 /32 ")

D istance
co ve re d

(km)

Present
non-skid

depth
(1 /3 2 ”)

Projected
mileage

(km)

■ 12 3674 8.25 11,756

1
12 3674 7.75 10,373

li

Iti
12 3674 7 50 9,797



Elastomeric composites with Reference to 
Tyre Technology

TEXTILE REINFORCEMENT IN RUBBER
F ib r e s  p la y  a  d o m in a n t  r o le  in  r u b b e r  r e in fo r c e m e n t  a n d  w ith o u t  w h ich  it 

is  im p o s s ib le  t o  t h in k  a b o u t  m a jo r  r u b b e r  p r o d u c t s  s u c h  a s  p n e u m a t ic  tyres, 
c o n v e y o r  b e lt in g ,  t r a n s m is s io n  a n d  V -b e lt s ,  h o s e  e t c .  w h ic h  u n d e r g o  se rv ice  

c o n d it io n s .

In it ia l ly  n e e d s  o f  r u b b e r  in d u s t r y  f o r  r e in f o r c e m e n t  m a t e r ia ls  w e r e  met 

w ith  C o t t o n  w h ic h  o f  c o u r s e  is  s t i i i  w id e ly  u s e d .

A s  t h e  p r o g r e s s iv e ly  t h e  s t r in g e n t  p e r f o r m a n c e  r e q u ir e m e n t s  c a m e  up, 

v a r io u s  r e in fo r c in g  m a t e r ia ls  s u c h  a s  h ig h  t e n a c i t y  r a y o n ,  n y lo n  6 a n d  66. 

p o ly e s te r ,  s t e e l ,  f ib r e  g la s s ,  a n d  m o r e  r e c e n t ly  A r a m id  ( K e v la r )  h a s  com e  

in to  e x is t e n c e  a n d  e a c h  b e in g  u s e d  to  m e e t  t h e  s p e c i f i c  r e q u ir e m e n t s  of 
v a r io u s  n j b b e r  c o m p o s it e  p ro d u c t s .

TYRE CORD FABRIC

T y r e  is  a  c o m p o s it e  m a te r ia l c o n s is t in g  o f  c o r d s  e m b e d d e d  in  t h e  rubber 

m a tr ix . T h e  o v e ra ll  s t re n g th , a n d  ab ility  to  b e a r  lo a d  b y  th e  t y re  d e p e n d  strongly  
u p o n  th e  n a t u r e  o f  c o r d .  A t  t h e  e a r ly  s t a g e  o f  p n e u m a t ic  t y r e  d e v e lo p m e n t  

c o t t o n  w a s  u s e d  f o r  t h is  p u r p o s e  b u t  d u e  to  t h e  s t r in g e n t  p e r fo r m a n c e  

r e q u ir e m e n t  v a r io u s  o t h e r  m a t e r ia ls  s u c h  a s  ra y o n ,  n y lo n ,  p o ly e s t e r ,  g la s s  
f ib re ,  s t e e l  c o r d  a n d  A r a m id  ( K e v la r )  h a v e  c o m e  in to  e x i s t e n c e  ( T a b le  1).

In t h e  e a r ly  d a y s ,  t h e  c o t t o n  f a b r ic  w a s  s q u a r e  w o v e n  A r o u n d  1920  
c o t t o n  c o r d  f a b r ic  r e p la c e d  s q u a r e  w o v e n .  T h e  u s e  o f  p l i e s  o f  c o r d  a d d e d  
t r e m e n d o u s  d u r a b i l i t y  a n d  r e s i l i e n c e  to  th e  ty re . A r o u n d  1 9 3 8  r a y o n  w as 

in t r o d u c e d  f o l lo w e d  b y  n y lo n  in  1 9 4 7  in  c o m m e r c ia l  p ro d u c t io n .  In 1 9 5 5 ,  w ire  
m a d e  a p p e a r a n c e  fo r  s p e c ia li t y  a p p lic a t io n s .  In 1 9 6 2  p o ly e s t e r  w a s  in tro d u c e d  
a n d  f ib r e  g la s s  s in  1 9 6 7 . A r a m id  c a m e  in to  p ic t u r e  in  1 9 7 0 's .

In I n d ia  m a in ly  r a y o n  a n d  n y lo n  t y r e  c o r d s  a r e  u s e d .  T o  a  v e r y  l im ite d  
e x t e n t  g la s s  f ib r e  a n d  s t e e l  c o r d  h a v e  b e e n  in t r o d u c e d  in  b e lt .



g „ p o s i t e s  with R e fe r e n c e  to Tyre Technology 
,S lo ve n e  CO ^  ̂ p ro p e r t ie s  o f  f ib re s  u s e d  In  ty re  co rd

A  ty re  c o r d  s h o u ld  h a v e  f o l lo w in g  p r o p e r t ie s  to  m e e t  t h e  d e m a n d  o f  a  

good re in fo rc in g  m a t e r ia l

- H ig h  t e n s i l e  s t r e n g t h

- Dimensional stability

- F a t iq u e  r e s i s t a n c e

- T h e r m a l  s t a b i l i t y

,/ “ “ r e c o r d s  a r e  a s  s ,m p le  in  c o n s «

con s is ten t w ith  p e r f o r m a n c e  r e q u ir e m e n t s ,  e .g .

R a y o n  1 1 0 0 d  « 2

1 6 0 d  X 2 

N y lo n  8 4 0 d  *  2

a n d

o r  31 2 6 0 d  X  2 
1 6 8 0 d  X 2 

Polyester 1 0 0 0 d  X 3  or 4^

Z  &  S  tw is t  p e r  

M e t e r  a b o u t  4 7 0 - 5 0 0

T y r e  c o r d  i s  u s u a l l y  w o v e n  in t o  a  f a b n c  f o r  ( jg p g n d in g  u p o n  th e
U r g e  n u m b e r  o f  c o r d s  a r e  la id  p a r a l le l  t o  e a c  c a r c a s s  s t r e n g th ,

n u m b e r  o f  c o r d s  p e r  d m  r e q u ir e d  to  a c h ie v e  .^ rg g d s  a r e  in t e r la c e d  

t i iis  a r r a y  b e in g  k n o w n  a s  w a r p .  L ig h t  w e ^   ̂ a n g le s  to  th e
a lte rn a t iv e ly  o v e r  tw o  o r  t h r e e  c o r d s  a n d  u n d e r  (m o s t ly
w a rp  d ir e c t io n ,  to  f o r m  a  w o v e n  f a b r ic .  T h e  s p  «  (f,|g jg  k n o w n

co tton ) a r e  a l s o  s p e c i f i e d .  S i n c e  w e f t  p e r c e n  a 9  fo rm ,

a s  w a r p  s h e e t .  T h e  w a r p  s h e e t  a f t e r  w e a v in g  is



TYRE CORD PROCESSING
T y r e  c o r d  p r o c e s s in g  i s  t h e  c r i t ic a l  s t a g e  in  p r e p a r in g  a  c o r d  fa b r ic  for 

u s e  in  a  ty re . D u r in g  p r o c e s s in g  a  d ip  s o lu t io n  i s  a p p l ie d  a n d  f a b r ic  is  treated 
u n d e r c o n t r o lle d  c o n d it io n s  o f  t im e , t e m p e r a tu r e  a n d  t e n s io n .  T t i i s  is  com m only 

k n o w n  a s  3 T  p r o c e s s in g .  T t i i s  p r o c e s s in g ,  b e s i d e s  a p p ly in g  d ip  solution 

( e s s e n t ia l  f o r  a d t ie s io n  t o  ru b b e r ) ,  o p t im is e s  p h y s ic a l  p r o p e r t ie s  o f  th e  cord 

s t a b i l is e s  th e  f a b r ic  fo r  f u r th e r  p r o c e s s in g  a n d  in  s e r v ic e  o f  t h e  ty re  (m inim ising 
o f  g ro w th )  a n d  e q u a l i s e s  d i f f e r e n c e s  d u e  to  f a b r i c  s o u r c e .

DIPPING
A  d ip  u n it  i s  t h e  la r g e s t  a n d  m o s t  e x p e n s i v e  e q u ip m e n t  in  th e  tyre 

m a n u fa c tu r in g  p r o c e s s .  T h e  d ip  s o lu t io n  ( a d h e s io n  s y s t e m )  c o m p r is e s  only 

1.0 -1 .5 %  o f  ty re  w e ig h t  b u t  h a s  la r g e  e f f e c t  o n  t y r e  p e r fo r m a n c e .  B e s id e s  
p ro v id in g  e x c e l le n t  a d h e s io n ,  t h e  d ip  s o lu t io n  m u s t  a l s o  c o n f o r m  to  different 

r e q u ir e m e n t  (a ) ra p id  ra te  o f  a d h e s iv e  f o rm a t io n  (b ) h ig h  f a t iq u e  re s is ta n c e  (c) 

c o m p a t ib i l it y  w ith  m a n y  t y p e s  o f  r u b b e r  c o m p o u n d s  (d )  n o  a d v e r s e  e ffe c t  on 

c o r d  p r o p e r t ie s  (e )  h e a t  r e s i s t a n c e  (0 a g e in g  r e s i s t a n c e  in  ty re  sen/ice 
(g ) m e c h a n ic a l  s t a b i l i t y  a n d  (h ) p r e fe r a b ly  b e  w a t e r  b a s e d .

A d h e s io n  b e tw e e n  r u b b e r  a n d  t y r e  c o r d  f ib r e  i s  a n  im p o r t a n t  pa ram e te r 

r e la te d  to  t y r e  p e r f o r m a n c e  a n d  s t r o n g  a d h e s io n  b e t w e e n  t h e  tw o  m u s t be 

a t ta in e d . T h e  a d h e s iv e  c o a t in g  is  s e le c t e d  o n  th e  b a s i s  o f  (1 ) c lo s e s t  poss ib le  
m a t c h  in  f ib r e  a n d  a d h e s iv e  s u r f a c e  e n e r g ie s  (2 ) c h e m ic a l  s t a b i l i t y  o f the 
a d h e s iv e  a n d  (3 ) m e c h a n ic a l  p r o p e r t ie s  o f  th e  a d h e s iv e .

T h e  m o s t  p o p u la r  a d h e s iv e s  a r e  b a s e d  o n  r e s o r c in o l f o r m a ld e h y d e  resin/ 

la te x  ( R F L )  c o m b in a t io n s .  A  s in g le  c o a t  s y s t e m  o f  a b o v e  a d h e s iv e  g ives 

r e q u ir e d  a d h e s io n  w ith  r a y o n  a n d  n y lo n .  F o r  p o ly e s t e r  a  s u b  c o a t  is  g iven 
f o llo w e d  b y  R F L  t r e a tm e n t .  W it h  h ig h  m o d u lu s  a r a m id  s a t is f a c t o r y  a d h e s io n  
h a s  b e e n  o b t a in e d  w ith  o n e  e p o x y  s u b c o a t  a n d  a  m o d i f ie d  R F L  fo rm u la t io n .

T h e  p r o c e s s e d  f a b r ic  f r o m  d ip  u n it  is  c o a t e d  o n  b o th  s i d e s  w ith  ru bber 
c o m p o u n d  b y  p a s s in g  th e  ty re  c o r d  f a b r ic  th ro u g h  c a le n d e r  r o l ls  u n d e r  con tro lled  

p r e s s u r e ,  t e n s io n  a n d  t e m p e r a tu r e .  T h e  c o m p o u n d  g a u g e  o n  t h e  f a b r ic  is 
c o n t r o l le d ,  b y  t h e  g a p  b e tw e e n  t h e  r o l ls  a n d  is  a u t o m a t i c a l l y  m o n it o r e d  by 
b e ta  g a u g e s  o r  m a n u a l ly  b e  m e a s u r in g  c o a t e d  f a b r i c  g a u g e  o r  d e te rm in in g  
w e ig h t  p e r  u n it  a r e a .

TYRE TECHNOLOGY

A  t y r e  i s  a n  in te g ra l  c o m p o n e n t  o f  a  v e h i c le  a n d  is  t h e  in te rm e d ia r y  
b e tw e e n  t h e  v e h i c le  a n d  t h e  r o a d .  Its  m a jo r  f u n c t io n s  are (1 )  t o  c a r r y  load  
( v e h ic le  + g o o d s ) .  (2 ) T o  p r o v id e  g r ip  w ith  t h e  r o a d  f o r  t r a c t io n  a n d  s a fe ty  
d u n n g  v e h ic le  m o v e m e n t  (b ra k in g  e ffe c t) , (3 ) T o  p r o v id e  c u s h io n e d  r id e  (s h o c k  
a b s o r b in g ) ,  (4 ) T o  g iv e  d ir e c t io n s  c o n t ro l  t o  t h e  v e h i c le  ( s t e e r in g )
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Eiasio"’ ® '''' j  a  t y r e  -  h ig h  m ila g e ,  r e s is t a n c e  to  c u t s

F u r th e j o n e  a n d  c o n s t a n t  p e r fo r m a n c e ,  n u m b e r  o f  r e t re a d in g ,

saving I" a  v a s t  c o m p le x  c o m b in a t io n  o f  s c ie n c e ,  te c h n o lo g y /
T , . e t e c h n * g y ^ ^

,„g ,n e e rin g  a n d  c o m p o s it e  s t r u c t u r e s  a n d  g e o m e try .
involves k n o w  9^^^^ m a t h e m a t ic a l  m o d e ls  o f  ty re

These c o n c e p is

m ecnan ics- _„d technology of c o m p o n e n t  m a t e r ia ls  in v o lv e s  a r e a s
The chem istry  a n d  e c h n o ^  s y s t e m s ,  a d h e s iv e  t h e o r ie s  a n d

of s p e c ia li t y  ® ^ J ^ a n d  m a t r ix  t e c h n o lo g y .  T h e  p r o p e r t ie s  o f  t h e s e
applications a n d  r u b   ̂ .  j  the integrity of tyre. T h e  c o n s t ru c t io n

' " " “ ' F u n d t m e n t a l l y  a  t y r e  " ' ° " 9  " ^ ^ ^ P t r l f n g r a ^ a T a

the v e h ic le  s u s p e n s i o n .  a p p a r e n t ly  s e e m  to
M echanics of a  p n e u m a t i c  t y r e  ^  infact, they a r e  e n t ir e ly

be dealing sam e a s p e c l s  o f  ' i ' '®  ^ ^ r l n g  quesllons w h a l  m a k e s

; r ; s s L r —

* - r e r s = . r ; ^ ^ ^

o f lo n g  c h a in  m a c r o m o le c u le s

FUNCTIONS OF A PNEUMATIC TYRE

B a s i c  f u n c t io n s  o f  a  d r iv in g  a n d  b r a k in g  to rq u e ,
(b) C u s h io n in g  a n d  e n v e lo p in g  ( c )  stability/dimensional s ta b ility ,

(d) P r o d u c e  c o r n e r in g  f o r c e  ( f )  ,s t a b r a s io n ,  (h ) P r o v id e  s t e e r in g
(f) P r o v id e  c u s h io n in g  a n d  f lo t a t io n ,  (g ) . n o is e  a n d  ro a d  v ib ra t io n ,

f o rc e / r e s p o n s e ,  (i) Lo v if r o l l in g  r e s is t a n c e ,  (j)

(k) D u r a b le  a n d  s a f e .  i^ to  th r e e  a r e a s  :

T h e s e  f u n c t io n s  o f  a  t y r e  c a n  b e  9 ^ ®  ,, ,2\ p e r f o r m a n c e  (s t ru c tu re

(1) V e h ic le  c o n t ro l/m o b i l i t y  ( J e r t iU l ) .
in te g r ity )  ( f o rw a r d ) ,  (3 )  A e s t h e t i c s  a n d  c  a b r a s io n  a c t  in  th e

(M o b il ity  in c lu d in g  c o r n e r in g ,  ''®®P j g a l  v^jth a e s t h e t ic s

la te r a l d ir e c t io n  w h e r e  a s  t h e  f o r c e s  in  v e  ' , p e r f o r m a n c e .  T h e
a n d  c o m f o r t  a s p e c t s  a n d  t h e  fo n w a rd  d ir e c t i



v e h ic le  m o b i l i t y  r e q u ir e m e n t  is  a l s o  b a s e d  o n  t y p e s  o f  a p p l i c a t io n  a n d  thg 

p e r fo r m a n c e  le v e l re q u ir e d ,

C O M P O N E N T  O F  T Y R E  T E C H N O L O G Y

T h e  d if f e r e n t  d is c ip l in e s  e s s e n t ia l  f o r  s a t is f y in g  t h e  e x p e c t a t io n s  and 

fu n c t io n  o f  t y r e  c a n  b e  g r o u p e d  a s  b e l o w ;

1. T e c h n o lo g ie s  re la te d  to  m a t e r ia ls : (a )  R u b b e r  -  i t s  c o m p o u n d in g  and 
v u lc a n is a t io n  (b ) T e x t i le s  ( c )  O t h e r  r a w  m a t e r ia ls  ( e .g .  C h e m ic a ls .  

F i l le r s ,  b e a d  w ir e  e t c . )  (d ) B o n d in g  r u b b e r / r u b b e r ,  ru b b e r / te x t i le s ' 
ru b b e r / s t e e l,  r u b b e r / g la s s  f ib r e  e tc .

2 . T y r e  D e s ig n  : ( P a t t e r n  d e s ig n ,  T y r e  g e o m e t r y ,  S t r u c t u r a l  d e s ig n ) .

3. M a n u fa c tu r in g  T e c h n o lo g y : (M ix in g ,  T e x t ile  p r o c e s s in g .  C a le n d e r in g , 

E x t r u s io n ,  t y r e  b u ild in g ,  v u lc a n iz a t io n ,  i n s p e c t io n  e t c .) .

4 . Q u a l i t y  C o n t r o l  : ( R a w  m a t e r ia l.  I n t e r m e d ia t e  s t e p s .  P ro c e s s ,  

C o m p o n e n t s ,  F in is h e d  p ro d u c t s ) .

5. P r o d u c t  e v a lu a t io n  m e th o d s / c o n t r o ls ,

6 . A p p l i c a t io n  E n g in e e r in g  

T Y R E  D E S I G N A T I O N

A  ty re  i s  d e s ig n a t e d  b y  it s  s iz e ,  “ p ly  ra t in g " ,  p a t t e rn  a n d  c o d e  b e s id e s  
th e  m a n u f a c tu r e 's  n a m e ,  s e r ia l  n o s ,  lo a d  p la c e  e tc . T h e s e  a r e  m a r k e d  o n  the 
s id e  w a l l  o f  t h e  ty re .
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g p p r o x  10” n o m in a l  s e c t io n a l  w id th  a n d  “20" a s  

'^ ® lm e t e r  o f  t h e  d e s i r e d  r im  in  i n c h e s .

^ ' ^ T J l f a r T t L e e  b a s i c  t y p e s  ( c o n s t r u c t io n )  o f  t y r e s  in  u s e  t o d a y

M l ( f f l

Cross p ly >y'»
R adia l p ly iy t»  

F ig .1 1 .2 : Types o (  Tyres

D i » b e i t 8 d i y i 6

F ir s t  i s  t h e  b ia s  o r  c r o s s  p ly  t y j ^  “ ^^o b f a r ^ e V ^ ^ ^
cords extend  d iag o n ally  acro s s  t h e  ty  g „y  m e  range o f  3 0 - 4 0

cord p a th  to  t h e  c e n t r e  l in e  o f  t h e  3  s u c c e s s i v e  la y e r  (p ly )
d e g re e s  T h e  c o r d s  r u n  in  o p p o s i t e  d ' f e c ‘  °  c o n s t r u c t io n  fo r  m a n y
of re in fo r c in g  m a t e r ia l .  T h i s  h a s  b e e n  a  s t a n d a r d  ty

ufia rs.

Cfoss-pJy

P lie s  o t Tyres



'SMes
S e c o n d  is  t h e  r a d ia l  p ly  ty re . In t h is  ty re ,  t h e  p l i e s  o f  r e in fo r c in q  cn  

e x t e n d  t r a n s v e r s e ly  f r o m  b e a d  to  b e a d .  O n  t o p  o f  t h e  p l i e s  ( u n d e r  th e  t 
is  a n  in e x t e n s ib le  b e lt  c o m p o s e d  o f  s e v e r a l  l a y e r s  o f  c o r d s .  T h e  b e lt  
a r e  lo w  a n g le  ( 1 0 -2 0 ')  a n d  a c t  to  r e s t r ic t  t h e  c a r c a s s  p l ie s .  T h is  c o n s t r u e *  
w a s  in t r o d u c e d  a t  la t e r  s ta g e .

T h e  th ird  d e s ig n  is  th e  b ia s  b e lt e d  t y r e  w h ic h  c o n s i s t s  o f  a  b ia s  (ana l 
c a r c a s s  w ith  a  r e s t r ic t in g  b e lt . T h e  c a r c a s s  a n g le  i s  g e n e r a l ly  m a in ta in ed  

b e tw e e n  2 5  a n d  4 5  d e g r e e s  a n d  t h e  b e l t  a n g le  b e t w e e n  1 0  a n d  3 0  d e g re e s  

th e  a n g le  o f  t h e  b e l t  is  a t  le a s t  5  d e g r e e s  lo w e r  t h a n  t h e  a n g le  o f  c a rc a s s  
T h is  w a s  c o m n e r c ia l ly  in t r o d u c e d  in  la t e  6 0 's .

W o r ld w id e  t r e n d s  s t r o n g ly  s w i t c h in g  o v e r  t o  r a d i a l  c o n s t ru c t io n  
P a s s e n g e r  t y r e s  a r e  m o s t ly  o f  r a d ia l  c o n s t r u c t io n .  In I n d ia  s t i l l  b ia s  o r  c ro ss  

p ly  c o n s t r u c t io n  t y r e s  a r e  o v e r w h e lm in g ly  p r e d o m in a n t ,  t h o u g h  ra d ia l  tvres 
are also Stepping in gradually.

P R I N C I P L E  O F  P N E U M A T I C  T Y R E

H . ' ' R W .  T h o m s o n  d e v e lo p e d  a  w h e e l  o f  t h e  c a r r ia g e  b y  u s in g  an 
in f la te d  tu b e  a n d  o b s e r v e d  th a t  t h e  c a r n a g e  c o u ld  m o v e  w ith  m u c h  e a s e  and

m n T n rT fh  m in im is e d .  T h e  b a s i c  p r in c ip le  for
m o v in g  th e  c a r r ia g e  c a n  b e  d e s c r ib e d  a s  b e l o w :

Wheol wilh ngkl body
w ith  elastic body

F ig.11.4: P r in c ip le  o f  P n e u m a tic  Tyre

"D" is reduced due t o T e ^ d S S o n ° o f  th^whe^^  ̂ ®
As the F  D, the force required f c C v  ng^carTa :  S f e x ih i^  "
than that with rigid wheel. ^<J|"dge with flexible wheel is less



^ r e d e s i g n  c o m p o s i t e .  T h e  t y r e  c o m p o s it e  i s  in  th e  f o m i  o f

of c o r d  s t r u c t u r e s  a r r a n g e d  in  a  p a ra lle l  c o n f ig u ra t io n  a n d  e m b e d d e d

o m lT s i t e  m a t e r ia ls  a p p r o a c h  to  t h e  a n a ly s i s  o f  p n e u m a t ic  t y re  is  
f i n t e  e l e m e n t  t e c h n iq u e .  A  f in it e ,  t h r e e  d im e n t io n a l  e le m e n t  is  

, 3sed  o n  f  ® d  c o m p o s i t e  s t r u c t u r e .  E a c h  o f  t h e  la m in a t e s  a r e  
con s ide red  a® ; ;  o f  t h e  c o r d  a n d  m a t r ix  ( r u b b e r )  c o m p o n e n t s .

t h e  i r m T n a  is  c o m b in e d  w ith  t h e  g e o m e t r y  o f  t h e  la m in a t e  

? r u c t u r^ o  d e s c r ib e  t h e  c h a r a c t e r  o f  t h e  f in i t e  e le m e n t .

I p  . t r e s s  s t r a in  c h a r a c t e r i s t i c s  o f  c o r d  a n d  r u b b e r  a r e  m o r e  d is s im ila r  
r o m b o s i t e  c o m p o n e n t s .  T h e  c o r d  c o m p o n e n t  is  h ig h  in  s t r e n g  h  

than m o s t  t h e  r u b b e r  m a t r ix  i s  r e la t iv e ly  lo w  in  s t r e n g th

with high elongation^ Therefore in the  case of tyre composite, the

S i n T c o r ^ r c ^ a ? " ^ ^  m S  o ,  t h e  s t r u c t u r a l  lo a d .  T h e  r u b b e r

c on tr ibu t io n  to  s t r e n g t h  c a n  b e  n e g le c t e d .

a n y  o t h e r  d e s ig n  a n d  c o n s t r u c t io n  w o r k ,  t y r e  d e s ig n  a l s o  s t a r t s  

w ith th e  u n d e r s t a n d in g  o f  c e r t a in  p a r a m e t e r s .

1. T y p e s  o f  s e r v i c e ; T h i s  r e f e r s  to  r e q u ir e m e n t s  e x p e c t e d  c f  ty re

service, ^

2. T y r e  s i z e  r e q u ir e d  ; I"®'. 7 “ '
d im e n s io n s  o f  toad O p a c ity  by industry e x p e r ie n c e
profile have been established fo iw d  Mpacay y^
with various serv ice  conditions (1TTA C ,T a .

■ L ik e  a n y  o t h e r  d e s i g n  w o r k ,  t y r e  ® dim ensional m a in ly
u n d e r s t a n d in g  o f  l im it a t io n s .  T h e  l im it a t io n s  a r e  

g o v e rn e d  b y  v e h i c l e s  p a r a m e t e r s .

DESIGNING OF MOULD CAVITY k i= n = ™ m e t e r s

B a s e d  o n  t h e  s e le c t e d  t y r e  s i z e ,  e in f o r c in g  m a te r ia l  e .g .

o T s e w I n g  t h e  a b o v e  b a s i c  p a r a m e t e r s ,  t h e  d e s ig n e r  h a s  to  f in a l i s e  

t r e a d  p a t t e r n ,  u n d e r  a n d  s i d e  w a l l  a r e a s .



Reinforcing materia! Overall D iam eter

Rayon -1 to  0%
Msc7 o% ■

Nylon O to  2% Max 15%
Steel 0% 0%

-

F ig .11.5: L im it in g  D im e n s io n s  o f  Tyre

Sflb paftarn

I 0 [ ^ ‘



0fSiomeri y g g ( j  r n a in ly  o n  fro n t / d r iv e n  a x le  b e c a u s e  o f  s te e r in g

p j, pattern r e s p o n s e .

, U s e d  m o s t ly  o n  r e a r / d r iv e n  a x le  f o r  h e a v y  h a u la g e

Lug pa'*®''" a n d  lo n g  d is t a n c e  o p e r a t io n .

■ G e n e r a l l y  u s e d  o n  f r o n t  a x le ,  b u t  a s  w e l l  o n  r e a r
sem i lug ' 3̂ ,^

„  Known as Mud and snow pattern and used on r o u g h
M and S  Pattern ■

O th e r  t e r m in o lo g ie s  l ik e  H iw a y ,  C r o s s lu g ,  C r o s s  c o u n t r y  e t c . , a r e  a ls o

from ientlv u s e d  f o r  t r e a d  p a t t e r n
o t h e r d e s ig n  p a r a m e t e r s  l ik e  s ta b i li t y ,  s m o o t h  n d e , a p p e a r a n c e ,  n o is e ,

« t i o n ^ ^
T re a d  w id th  c o n t r o l s  t h e  f o o t  p r in t  w id th  o f  t h e  ty re , w h e r e a s  le n g th  is

Treadwidth also influences t r a c t io n  c h a r a c t e n s t i c s .

T re a d  l if e  i s  p r o p o r t io n a l  t o  i t s  d e p th  u p to  a n  o p t im u m  lim it. B e y o n d  

in c re a s in g  o f  t r e a d  d e p t h  b r in g s  l if e  to  a  p la t e a u  le v e l.

CARCASS DESIGN . , v.
c a r c a s s  o r  c a s i n g  i s  t h e  b a c k b o n e  o f  .  f e b r ic  ^

c o m p o s ite  a n d  i t s  s t r e n g t h  e n t ir e ly  g p j  t u rn e d  a ro u n d

rubber a n d  r e in fo r c in g  m a te r ia l  ^ c o m p o n e n t s  o f  c a r c a s s
them . R e in f o r c in g  m a t e r ia ls  a r e  s e le c t e d  ^°  ̂ , g n , f o r  th e  in te n d e d
(P lie s, b r e a k e r s ,  c h a f e r  e tc .)  t o  a c h ie v e  o p t im u m  re in fo

se rv ic e  p e r f o r m a n c e .  - c t o r a n d

C o m m o n ly  u s e d  r e in f o r c in g  m a t e r ia ls  ^

stee l, in  I n d ia  t y r e s  a r e  b a s e d  m a in ly  o n  n y lo n  a s

“̂ ,rn ^ ^ ^ n a n :X —

c o rd s  in  u n it  a r e a  ( p e r  10 c m  o r  p e r  f  a n d  n u m b e r  m p ^ ^  v a lu e s / s t r e n g th  

o f  c o r d  p e r  u n it  a r e a  r e s u l t s  in  h ig h e r  t y r e  rA s iq f a n c e  b e c a u s e  o f
w h e r e a s  lo w e r  n u m b e r  o f  c o r d s  g iv e  b e t te r  s e p a r a  1 n u m b e r  to
s u f f ic ie n t  c o m p o u n d  in s u la t io n .  B r e a K e r s  a r e

im p ro v e  a d h e s io n  t o  t r e a d . f  ^ * : „ , ^ a n d  s t r e n g th  f a ilu r e ,
by  h e a t  b u i ld  u p  a n d  m in im u m  n u m b e r  i s  ^  ^ s i g n  o f  c a r c a s s .  
A ls o ,  c o r d  c o n s t r u c t io n  p la y s  a n  im p o r t a n t  r o le  in



R ayon 
(16500 X 2)

Nyion
(12600 X 2)

ICO 152
100 148-156

3 0% 72%
60% 90%
100 182
100 167
100 200

Table 3: Comparative Advantages of Nyion Tyre Cord over Rayon Tvre r  
(Per cent Comparison)

Cord Strength (Breaking L o a d ) ; Raw

: Cured

Retention on Heat ageing (one m onth at 100“ C)

Strength retention (Saturated in m oisture)

Cord extendability (E longation at 4.5 kp load)

Resistance to im pact (P lunger energy value)

Flex Fatigue resistance

BEAD

B e a d  is  t h e  p a r t  o f  t h e  t y r e  w h ic h  h o ld s  t h e  t y r e  o n  t h e  r im  u n d e r  high 

in f la t io n  p r e s s u r e  a n d  d y n a m ic  f le x in g .  It i s  im p o r t a n t  to  c a lc u l a t e  th e  bead 

s t r e n g th  c r i t ic a l ly  a s  a n y  f a i lu r e  c a n  b e  h a z a r d o u s .  B e a d  is  c o m p o s it e  of 
r u b b e r  a n d  h ig h  t e n s i le  s t e e l  w ir e s  w h ic h  a p p l ie d  t o g e t h e r  t o  f o r m  a  bund le .

TYRE CONTROL STANDARD

A f t e r  c a lc u la t in g  a n d  d e c id in g  a l l  d e s ig n  p a r a m e t e r s ,  f in a l ly  a  con tro l 
s t a n d a r d  f o r  a  p a r t ic u la r  d e s ig n  h a s  to  b e  la id  d o w n .  A  c o n t r o l  s ta n d a rd  
c o n ta in s  a ll d e t a i l s  l ik e  r u b b e r  g a u g e s ,  p a t te rn  d e p th ,  c r o w n  a n g le ,  p ly  turn 
u p  h e ig h ts ,  m a te r ia l u n d e r  b e a d ,  b e a d  c o r e  c o n s t r u c t io n  e t c .  F ig u r e  7  sho w s  
a  t y p ic a l  ty re  c o n t r o l  s t a n d a r d .  It is  n e c e s s a r y  to  c h e c k  t h e s e  p a ra m e te r s  

u n d e r  r o u t in e  c h e c k  to  m a in t a in  q u a l it y  a n d  u n if o r m it y  o f  a  t y r e

TYRE TESTING

e s s e n ^ it  ‘ ® ^ n o lo g y ,  m e t h o d s  o f  m e a s u r in g  p e r f o r m a n c e  is
e s s e n t ia l  f o r  d e v e lo p m e n t .  M a jo r  a r e a s  o f  t y r e  t e s t in g  s y s t e m  a r e  :

1 Laboratory testing of compounds, cords, bed etc.
2. Indoor (Resilometer) endurance testing.
3. Outdoor or neld testing.

W  w  i .

MANUFACTURE OF TYRE

A  b r ie f  d e s c r ip t io n  o f  t y r e  m a n u f a c t u r e  is  i l lu s t r a t e d  in  F io  7 T h e
p r o d u c t io n  s e q u e n c e  i s  b r ie f ly  d e s c r ib e d  b e lo w :  d



i P l S ^  otmwroad
tyre tyfg »vw  lyf?—

F ig .11 .7 : T y re  M a n u fa c tu r in g  p r o c e s s



Technology o f Rubber and Rubber Goods Industry, 

s t e p s  o f  ty re  m a n u fa c tu r in g  a r e  a s  f o l l o w s  :

1 Compounding o f  r u b b e r  a n d  p ro c e s s in g ^

(a) Mastication o f  r u b b e r s

(b) M ix in g  of rubber a n d  in g r e d ie n t s .

(c) Extrusion,
2. Fabric (tyre c o r d )  p r o c e s s in g .

(a) D ip p in g  a n d  p r o c e s s in g

(b) C a le n d e rin g /ru b b e ris in g  t h e  t r e a t e d  f a b r ic .

3 . B ia s  c u t t in g  o f  c a le n d e r e d  f a b r ic

4  B e a d  c o n s t ru c t io n / b u i ld in g .

5 . T y re  b u ild in g .

6. Tyre curing.



Latex and Foam Rubber

intro duc tio n

Rubber l a t e x  i s  a  t e r m  u s e d  to  c o v e r  a  r a n g e  o f  c o l l o id s  h a v in g  n n a c ro  

m o lecu la r s u b s t a n c e s  a s  t h e  d i s p e r s e d  p h a s e  a n d  w a t e r  a s  t h e  d is p e r s io n  

m edium . M o s t  im p o r t a n t  l a t e x  u s e d  in  t h e  r u b b e r  in d u s t r y  i s  n a t u ra l  ( N R )  

latex. T h is  i s  a n  a q u e o u s  d is p e r s io n  o f  cis ̂  ,4  p o ly is o p r e n e  in  w a te r  c o n ta in in g  

d isso lved  s e r u m  s u b s t a n c e s .  N R  la t e x  i s  h a r v e s t e d  f r o m  Hevea brasilienesis 
trees b y  in f l ic t in g  c o n t r o l le d  w o u n d s  o n  t h e  b a r k  o f  t h e  t r u n k  o f  th e  t r e e .  T h is  

p rocess is  c a l l e d  t a p p in g .  C o m p o s i t i o n  o f  f r e s h  la t e x  i s  a s  f o l lo w s  - 

R u b b e r  3 0 -4 0 %

W a t e r  6 0 -7 0 %

P ro te in  ( o n  f r e s h  l a t e x )  U p t o  1 .0 %

L ip id s  ( o n  f r e s h  la t e x )  U p to  0 .9 %

C a r b o h y d r a t e s  ( o n  f r e s h  la t e x )  U p t o  1 .0 %

I n o rg a n ic  s a l t s  ( o n  f r e s h  la t e x )  . 0 .5 %

U n d e r  in o r g a n ic  s a l t s  s e v e n  d if f e r e n t  t y p e s  o f  io n s  a r e  id e n t if ie d . S im ila r ly , 

u n d e re a ch  o f  t h e  o r g a n i c  in g r e d ie n t s  a  n u m b e r  o f  c o m p o u n d s  b e lo n g in g  to  

that g roup  a r e  c h a r a c t e r i s e d .  In s y n t h e t ic  la t t ic e s  a ls o ,  a  n u m b e r  o f  in g r e d ie n ts  

other th a n  th e  p o ly m e r  a n d  w a t e r  a r e  p r e s e n t .

PRODUCTS FROM LATEX
There are eight important steps in the manufacture of products from 

latex -

i- Selection and quality control of raw materials 

“• Preparation of raw materials
Compounding and design of the mix 
Maturation 

v Processing/shaping 
Vulcanisation



2 3 2  Technology of Rubber and Rubber Goods Induslriss

v ii. T e s t in g  f o r  g ra d in g

v iii. P a c l< in g  a n d  m a rl< e tin g

T h e r e  a r e  d if f e r e n t  t y p e s  o f  p r o d u c t s  m a n u f a c t u r e d  f r o m  la te x . Some of 

th e  s t e p s  a r e  c o m m o n  in  a l l  p r o d u c t s  b u t  d i f f e r e n c e s  e x i s t  in  o th e rs  The 
s im i la r i t ie s  a n d  d if f e r e n c e s  in  th e  v a r io u s  s t e p s  f o r  d if f e r e n t  t y p e s  o f  products 
a r e  d is c u s s e d  b e lo w  b r ie f ly .

S e le c t i o n  o f  R a w  m a t e r ia l s

F o l lo w in g  a r e  t h e  r a w  m a t e r ia ls  u s e d  in  t h e  l a t e x  in d u s t r y  -

L a t e x  c o n t a in in g  t h e  p o ly m e r

S t a b i l i s e r s  a n d  v is c o s i t y  m o d i f ie r s

A c t iv a t o r

A c c e le r a t o r

C u r in g  a g e n t

A n t io x id a n t

S p e c ia l  a d d it iv e s ,  if  a n y  

G e l l in g / c o a g u la t io n  s y s t e m .

T h e  r a w  m a te r ia l s e le c t e d  fo r  p r o d u c t  m a n u f a c t u r e  m u s t  b e  g o o d  quality 

a n d  c o n fo r m in g  to  s p e c i f i c a t io n s  p r e s c r ib e d  f o r  t h is  b y  r e p u t e d  in s titu tion s  
l ik e  t h e  B I S  (ISI). In t h e  c a s e  o f  n a tu ra l r u b b e r  la te x ,  t h e r e  a r e  f e w  p ro c e s s o r s  

w h o  c a n  s u p p ly  h ig h  a m m o n ia - p r e s e r v e d  c o n c e n t r a t e d  n e u t r a l  r u b b e r  latex 
c o n fo r m in g  t o  I S  5 4 3 0  (1 9 8 1 ) .  It m a y  b e  n o t e d  th a t  t h e  s p e c i f i c a t i o n s  fo r  this 

H A  la te x  h a v e  b e e n  fo rm u la te d  b y  t h e  c o m b in e d  e f f o r t  o f  e x p e r t s  f r o m  rubber 

p la n ta t io n s  a n d  th e  g o o d s  m a n u fa c tu r in g  in d u s try . It i s  d e s i r a b le  f o r  th e  industry 

s u p p l ie r s  s h o u ld  d e l iv e r  o f  H A  la t ic e s  c o n f o r m in g  to  IS  5430 
(1 9 8 1 ) .  T h e  r e q u ir e m e n t s  u n d e r  t h is  a r e  g iv e n  in  T a b le  1

p ro c u re m e n t  o f  c e r t if ie d  q u a lity  ra w  m a te r ia l,  g iv e s  t h e  m a n u fa c tu re r  
b o t t i  c o m m e r c ia l  a n d  t e c h n ic a l  a d v a n t a g e s .  It is  p r e f e r a b le  t o  u s e  ce rt if ie d  
q u a l it y  r a w  m a t e r ia ls  w h e r e v e r  s u c h  i t e m s  a r e  a v a i la b le .  B u t  m a n y  ru bbe r 

c h e m ic a l s  a r e  n o w  n o t  m a r k e t e d  w ith  IS I C e r t i f i c a t io n .  E v e n  in  s u c h  the 
^ n s u m e r s  s h o u  d  c h e c k  th e  q u a l it y  o f  c h e m ic a ls  o c c a s io n a l ly  f o r  c o n fo rm ity  

m in r r l k f n n  ^  S t a n d a r d s .  A s s e s s m e n t  o f  r a w  m a te r ia l  q u a l i t y  i s  h e lp fu l  in

P r e p a r a t i o n  o f  R a w  M a t e r i a l s

T h e  in g r e d ie n t s  t o  b e  u s e d  in  la te x  p r o d u c t  m a n u f a c tu r e  h a v e  t o  b e  p re ­

t r e a te d  b e f o r e  p r o d u c t  m a n u fa c tu re .  T h e  t y p e  o f  p r e - t r e a tm e n t  o f  la t e x  v a r ie s , 
d e p e n d in g  o n  it s  n a tu re .  W h e n  a m m o n ia  p r e s e r v e d  f ie ld  la t e x  i s  t a k e n  by 
c o n s u m e r s ,  t h e y  m a y  c o n c e n t r a t e  it b y  c r e a m in g .  W h e n  c e n t r i f u g e d  la te x



ndFoamButjber
« the starting m a te r ia l,  d e - a m m o n ia t io n  o f  it is  a  p re lim in a r y

^  high ammonia 's me s^^^ ammonia-preserved latices, expenses on 

step. can be avoided. In some countries, the premium is paid for
t:rm o n lp re s e rv e d  latices.

f o r  c o n c — n a . r a .  r u . e r  . . . c e .

R equirem ent

Characteristic

Diy lubber content,
% by mass, m inim um

Non-rubber solids,
% by mass, maximum

Coagiilum content, percen t 
•by mass o f latex, m axim um

Sludge content. % 
by mass, m axim um

Alkalinity as am m onia,
% by mass o f latex

KOH number, m axim um

Mechanical stability, 
s, minimum

Volatile fa tly  acid 
r^umber, m axim um

Copper content, ppm  o f 
total solids, m axim um

Manganese con ten t, ppm  
of total solids, m axim um

Type
H A

Type
M A

Type
L A

Ref, to

60 .0 60-0 60.0 N R L; 1 o f IS; 3708 
(part D-1966

2 .0 2.0 2.0 -

0.05 0.05 0.05 IS : 9316 (Part lil)-1979

0.10 0.10 0-10 N R L: 5 o f IS : 3708 
(Part 1)-1966

0.6
Min

1.0

A bove 0.3 
bu t be low  

0.6

1.0

0.3
Max

1 0

NR L:

NRL;

7 o f IS : 3708 
(Part D-1966

8 o f IS: 3708 
(Part I ) - 1966

4 75 475 475 N R L: 9 o f IS; 3708
(Part 0 -1 9 6 6

0,15 0.15 0.15 NRL: 10 o f iS : 3708 
(Part \)^^96S

8 8 8 N R L: 13 o f IS: 3708 
(Part I ) - 1966

8 8 8 NRL 15 o f IS :  3708 
(Part i) '1 966

T h e  c o m p o u n d in g  
e ith e r  s o l id s  o r  l iq u id s .  T h e  s o l id  in g r e d ie  p ro d u c in g

a n d  t h e  l iq u id  in g r e d ie n t s  a d d e d  3® p m u ls i f ie r s  a r e  a d d e d  t o  l iq u id  f o r
d is p e r s io n  f r o m  s o l id  in g r e d ie n t s .  S u i t a b le  e m u ls i f ie r s

e m u ls if y in g  it  w it h  w a te r .  e l u t i o n s  d is p e r s i o n s  a n d
The important general principles regarding solutions,

e m u ls io n s  t o r  a d d it io n  t o  l a t t i c e s  a r e  g iv e n  u n d e r  -



T h e  p a r t ic le  s i z e  o f  d is p e r s io n s  a n d  t h e  d r o p le t  s i z e  o f  th e  em u l 

s h o u ld ,  a s  f a r  a s  p o s s ib le ,  b e  c o m p a r a b l e  w ith  t h a t  o f  th e  
w h ic h  th e y  a r e  to  b e  a d d e d ,  ®

J f .  T h e  s t a b i l i t y  o f  d is p e r s io n  a n d  e m u ls io n s  s h o u ld  b e  c o m p a ra b le  w.h 
th a t  o f  la t e x  to  w h ic h  t h e y  a r e  to  b e  a d d e d .

U l i -  p H  o f  la t e x  a n d  d is p e r s io n s / e m u ls io n s  a d d e d  to  it s h o u ld ,  a s  far 
p o s s ib le ,  b e  t h e  s a m e .  ’

C o m p o u n d i n g  a n d  D e s ig n

T h is  is  a  v e r y  im p o r t a n t  s t e p  in  p r o d u c t  m a n u f a c t u r e .  T w o  genera l 

p r in c ip le s  a r e  to  b e  r e m e m b e r e d  b y  t e c h n o lo g is t s  in  th e  s e le c t io n  o f  in q red ien k  
fo r  th e  p r o d u c t  m ix .

I. T h e  p r o d u c t  m a n u f a c tu r e d ,  u s in g  t h e  s e le c t e d  i t e m s ,  s h o u ld  not be 
c o s t l ie r  w h e n  c o m p a r e d  to  t h o s e  a l r e a d y  in  t h e  m a r k e t .

ii. T h e  p ro d u c t  m a n u fa c tu r e d  s h o u ld  m e e t  th e  s e r v ic e  r e q u ir e m e n ts  lor 
w h ic h  it is  d e s ig n e d .

P r o d u c t s  fa ll in g  u n d e r  g e n e ra l  c a t e g o r ie s  l ik e  d ip p e d  g o o d s ,  f o a m  rubber 
c a s t  to y s ,  p r o o fe d  f a b n c s ,  e t c . ,  w il l  b e  c o n s id e r e d  h e r e  f o r  d is c u s s io n  Raw  
r n a t j i a l s  u s e d  in  r u b b e r  la t e x  in d u s t r y  a r e  r e f e r r e d  to  e a r l i e r  In t h is  se ction  
m e  d o s e s  a n d  t h e  p u r p o s e  o f  t h e ir  a d d it io n  is  d is u c s s e d .

f ° ' '  v u lc a n is a t io n .  B u t  in  la t e x  g o o d s ,  if the 

S e f ™ .  ® °  ® t h i c k e n in g  o f  the
S e x  h  ?  M  '^ h ic h  w il l  d e s ta b i l is e
Z D C  i f a ? , /  ' " f  P a r t ly  b y  a n  io n . c  re a c t io n .

P ^ u c t s  o r e n . S »  ^ u t t h e  t h e r m a l  s ta b i l i t y  of

l i S  b a l lo o n s  n r m h h  ' p r e f e r a b le  in  p ro d u c ts
a c c l e  a t o  h ig h  h e a t  s tab ility ,

com binations o f rh tf»m7r ^ v  's  n o t  d e s ir a b le .  T h e r e  a r e  c e rta in

a g e in g  proDerties f o r  thA i ' " e s is t a n c e  a n d  g o od

r u b b e r  t h r e a d s .  S im i la r ly  in  -; iirn ir-= i P i^ o d u c in g  h e a t  r e s i s t a n t  type 

s h o u ld  b e  s u c h  th a t  th e  e f f e c t iv p m n H  i b a l lo o n s  t h e  f o r m u la  u se d

s h o u ld  b e  lo w  T h is  re q u ir e s  re d u c t io n  h  le v e  o f^ su lilh^ "'"^ '®

For dipped goods production prevulcanised latex can
r e d u c e  c o s t  o f  p ro d u c t io n .  T h e r e  a r e  s o m e  r e r c f o n  t

v u l c a n l s e d l a . e x . m s . B u . , h e s e w i l l n o t : r c r ^ ^ ^ ^ ^ ^ ^ ^

A  t y p ic a l  f o r m u la  f o r  d ip p e d  g o o d s  p r o d u c t  i s  g iv e n  in  T a b le  2 .



Tab le  2 : 

-----
______ T i^ m r ie W ^ A  N R  l»«=

(60% d is p e r s e )

20C (50% dispersion)

A„w kJan lSP(60% em > 'ls"> ") 

Spindle oil
China d a y  (50% dispersion)

D ry W t. W e tW l.

100.0 167.0

0.5 1,0

1.2 2.4

0.6 1.2

1.0 2.0

3.0 6,0

6.0 12.0

This is  a ls o  h e lp f u l  in  b r in g in g  d o w n  t h e  c o s t  o f  t h e  p r o d u c t s .

"‘''rfH rl^pm drctotTdlL
exp an s io n  o f  t h e  l a t e x  t o  t h e  ® p ^ g rn  r u b b e r  a ls o  c o n t a in s
exp and ed  s t a g e .  T h e s e  a r e  s p e c ia l  f

fillers fo r g iv in g  it  p r o p e r  r ig id i t y  a n d  ^ ^ ^  t y p ic a l  f o rm u la t io n
«h ich  c a n  h e lp  in  e x t e n d in g  o r  r e d u c in g  g e la t io n  t im e ,  a  ty p  

for p ro d u c t io n  o f  f o a m  r u b b e r  i s  g iv e n  in  T a b le  J  -

T=b la  3 : T v p ic a l fo rm u la t io n  fo r  p ro d u c tio n  o f  foam  r u b t o ^ _ -------------

-------------------------- --------
tngredienls _______

--------------------------------------------- --------------------  100.0
Natural rubber as 60% latex 2.0

Ammonium casinale solution 10% 2. 5

Potassium oleale solution 20% 5 0

Sulphur 50% dispersion 1 5ouipnur au% aispersion
Zinc diethyi dithriocarbonate 50% dispersion

Zinc mercapto benzothiazole 50% dispersion

0 75 

0.75
1.5

.0--------
Zinc oxide 50% dispersion  ̂  ̂ 5 0

Sodium silicofluoride 20% slurry

P o t a s s i u m  c h lo r id e  c a n  b e  
le ve ls . If S B R  l a t e x  i s  u s e d  a lo n g  w ith  N R  la t e x  a d d it io n  o f.
the q u a n t i t y  o f  t h e  g e l l i n g  a g e n t  to  b e  u s e d  w il l  b e  m o r e ,  y



s o lu b le  p o t a s s iu m  s a l t  th e  ra te  o f  h y d r o ly s is  o f  s o d iu m  s i l ic o f lu o r id e  is  retard 
S o lu b le  f lu o r id e s  c a n  a l s o  b r in g  a b o u t  t h e  s a m e  e f f e c t .  T h e  la t te r h av^  

c o m m u n  io n  e f f e c t .  T h e  f o r m e r  r e d u c e  t h e  e f f e c t iv e  c o n c e n t r a t io r f  

s i l ic o f lu o r id e  a n io n s  b e c a u s e  o f  t h e  lo w e r  s o lu b i l i t y  o f  p o t a s s iu m  silicofluonde 

M a t u r a t io n

h / la tu ra t io n  i s  a n  im p o r t a n t  s t e p  in  p r o d u c t  m a n u f a c t u r e .  In latei, 

c o m p o u n d in g ,  t h r e e  o r  m o r e  c o l l o id s  a r e  m ix e d  t o g e t h e r  a n d  physicaiiv 
h o m o g e n is e d .  It i s  n e c e s s a r y  to  g iv e  s o m e  t im e  f o r  t h e  p a r t ic le s  in ttiese 

d if f e r e n t  c o l lo id a l  s y s t e m s  to  a d ju s t  a n d  c o - e x i s t  in  t h e  n e w  env ironm en t 

M a tu ra t io n  p e r io d  is  g iv e n  f o r  th is . D u r in g  m a tu r a t io n  s o m e  c h e m ic a l  leacliois 
a ls o  t a k e  p la c e  t o  a  l im ite d  e x te n t .  M a t u r a t io n  g iv e s  p r o c e s s i n g  advan tages 

s u c h  a s  u n ifo rm  v is c o s ity , s t r o n g e r  g e t  a n d  u n ifo rm  v u lc a n is a t io n  o f  fhe 'p?53uci 

In d ip p in g  o p e r a t io n s  m a tu r a t io n  p e r io d  g iv e n  is  u s u a l l y  1 0 - 2 0  h o u r s . Butin 

f o a m  r u b b e r  p r o d u c t i o n i a d a y s j n a t u r a t i o n  i s  g iv e n  t o  la t e x  f o r  g e tt in g  best 
r e s u lt s .

P r o c e s s i n g  a n d  s h a p i n g

D if fe r e n t  p r o c e s s e s  a r e  a d o p te d  in  th e  m a n u f a c t u r e  o f  d if f e r e n t  products. 
E v e n  in  s a m e  t y p e  o f  p r o d u c t s  t h e r e  e x i s t  d i f f e r e n c e s  a s  in  th e  c a s e  of 

d ip p e d  g o o d s  p ro d u c e d  b y  d if fe re n t  m e th o d s  o f  d ip p in g .  T h e  p r o c e s s e s  adopted 
in  im p o r ta n t  p r o d u c t s  a r e  d e s c r ib e d  b e lo w  b r ie f ly  

Dipped Goods

P r o d u c t s  iil<e g lo v e s ,  b a l lo o n s ,  r u b b e r  b a n d s ,  n ip p le s ,  c o n d o m s ,  etc., 

a r e  p r o d u c e d  b y  d ip p in g  f o rm e r s  in  la te x .  T h in  w a l le d  p r o d u c t s  a r e  produced 

b y  s t r a ig h t  d ip p in g .  C o a g u la n t  d ip p in g  i s  e m p lo y e d  w h e n  t h i c k e r  a r t ic le s  are 

to  b e  p r o d u c e d .  H e a t  s e n s i t is e d  d ip p in g  p r o c e d u r e  is  a l s o  u s e d  fo r the 
p ro d u c t io n  o f  s o m e  t h ic k e r  p r o d u c t ^

In c o a g u la n t  d ip p in g  p r o c e s s ,  it i s  a d v is a b le  to  im m e r s e  t h e  fo rm e rf irs i 
in  la t e x  b e f o r e  b e in g  im m e r s e d  in  c o a g u la n t .  T h is  w il l  e n s u r e  fo rm a t io n  of a 
m o r e  u n i f o m i f ilm  d e p o s it  o n  th e  f o r m e r  F o r m e r s  m a y  b e  g iv e n  a  “d w e ll time’

f ° b t a in in g  d e s i r e d  th ickne ss  
^ t h  m in im u m  n u m b e r  o f  d ip s .  D w e l l  t im e s  o f  t h e  o r d e r  o f  1 - 5  m in u t e s  are 
c o m m o n  f o r  t h e  p r o d u c t io n  o f  s o m e  la te x  g o o d s .

im m  w  f  a b s o lu t e ly  c le a n .  T h e  s p e e d  of
Z h  s u f f ic ie n t ly  s lo w  to  p r e v e n t  a i r  b e in g  d r a w n  to  th e  bath
w ith  t h e  f o m i e r  I m m e r s io n  s p e e d  o f  th e  o r d e r  3 - 6  f e e t  p e r  m in u t e  a r e  usually 
f o u n d  to  b e  a ^ e p t a b le .  W it h d ra w a l s p e e d  r e c o m m e n d e d  in  c o a g u la n t  dipping

in  d i n o e L m r i t  °  im p o r t a n t  step
in  d ip p e d  g o o d s  p r o d u c t io n .  T h is  is  d o n e  to  r e m o v e  w a t e r  s o lu b le  se rum
in g r e d ie n t s ,  r e s id u a l  c o a g u la n t  a n d  s u r f a c e  a c t iv e  s u b s t a n c e s  W a r m  w ate r
o r  h o t  w a t e r  i s  r e c o m m e n d e d  f o r  le a c h in g .  If w a t e r  s o lu b le  a c c e le r a t o r s  are
u s e d  in  c o m p o u n d in g  t h is  s t e p  m a y  b e  a v o id e d .  D u s t in g  i s  d o n e  on
u n v u l c a n is e d  f i lm s  to  p r e v e n t  s t i c k in g  o f  s u r f a c e s .



w Fosm
im o o r t a n t  p r o c e s s i n g  s t e p  i s  p r o d u c t io n  o f  m o u ld s  f o r

in  c a s e  t o y s ,  t h e  m o s t  s m a l l  in d u s tn a l

o a s tM  f o f  r^ e t a ls  a r e  a l s o  u s e d  in  m o u ld  m a k in g .  W h e r  la te x  is
units L ig M  ° J ,g r  o f  P a r i s  m o u ld  t h e  f o l lo w in g  c h a n g e s  a r e  b e l ie v e d  to  
poured in to  tn e

P la s t e r  i s  p o r o u s  a n d  s o  it  a b s o r b s  w a te r .

' f  r . -  i o n e s  o f  p la s t e r  d e - s t a b i l i s e  l a t e x  a n d  h a s t e n  f i lm
"  ^ ^  t  n n  In  c a s t in g  c o n d i t i o n s  of rotation o f  m o u ld s ,  t e m p e r a tu r e

fo rm u la t io n ,  in  c a ^ ^  a r e  im p o r t a n t .  W h e n  h e a t

r  t  s e d  f o  c a s i in g ,  t h e  e x c e s s  la t e x  p o u r e d  o u t  o f  
b e f o r e  b e in g  m ix e d  w ith  t h e  b u lk  o f  th e

.n f r a r u i t h e i r a r e t w o im p o r t a n t p r o ^ ^ ^ ^ ^ ^ ^ ^

o n e  is  c a l le d  p r o c e s s  In  D u n lo p  p r o c e s s ,  f o a m in g  is
India m o s t  f a c t o r ie s  u s e  t h e  D u n lo p  prô ^̂ ^̂ ^̂  ̂ V

ea rned  o u t  in  tw o  s t a g e s ,  n  Is o b T a in e d . T h e r e a f t e r
p ro m o te rs  a n d  s t a b i l i s e r s  t i ll  t h e  d e s i r  P  ^g^i^ed. G e l l in g

the w h ip p in g  r a t e  i s  f

agen ts  a r e  a d d e d  a t  t h e  e n d  , f^ g l |^ ̂ h ic h  la te x  is  w h ip p e d
rubber p r o d u c e d  d e p e n d s  o n  9  , ,  v a r io u s  f r o a th  h e ig h t s .
sho u ld  be ca lib ra te d  properly  fo r s p e c i f i c  g r a v i t y  . „  „ r r ^ , , c t io n  m u s t

T h e  materials selected f o r  r n o u ld  c o n ^ r u c t o n

be lig h t, c h e a p ,  s h o u ld  h a v e  h ig h  t h e r r n a l

co n d u c t iv ity . A  m o u ld  d e s ig n e d  f r o m  c o p p  p r o d u c t io n  o f  f o a m

re q u ir e m e n ts .  It i s  g e n e r a l ly  r e p o r t e d  th  ; jj^^tlon f r o m  m o u ld  c o s t ,

ru b b e r  a r o u n d  5 %  o f  t h e  c o s t  i s  f  " T a ^ a p p r e c i a b l y  lo w e r  th a n
T h e  t e n s i le  a n d  c u r e  p r o p e r t ie s  o f  t h e  h o t  g  in  s t r ip p in g  th e
th o s e o fth e d ry  fin ished  p r o d u c t s .  S o  if c  p „ r  poablinq easy  a n d  q u ic k
fo a m  f r o m  m o u ld ,  it  m a y  a s  w e l l  b e  d an ^ ased ^  F ° r  e n a b h n g ^  ^  y^^  ̂

str ip p in g , t h e  m o u ld  s u r f a c e  s h o u ld  b e  k e p  c  o p e r a t io n .  E x a m p le s

a g e n t  h a s  to  b e  a p p l ie d  o n  s u r f a c e  o f  m o  s o lu t io n  o f  p o ly  e t h y le n e
o f  m o u ld  r e le a s e  a g e n t s  a r e  a q u e o u s  o r  a  * a x - 4 0 0 0  c a r b o x y m e th y l
J ly c o l  o f  f a ir ly  h ig h  m o le c u la r  w e ig h t  s u c h  a s  c a r

c e l lu t o s e  o r  s i l i c o n e  f lu id s .  c o m p o u n d  i s  a c h ie v e d  b y

/ T n  T u l l a la y  p r o c e s s ,  t h e  e x p a n s io n  o  . . d i s p o s i t i o n  o f  h y d ro g e n  
l ib e W io n  o f  g a s e s  l ik e  o x y g e n  l ib e r a te d  b y  c a ta ly t ic  d e c o m p o

no rr tv lH op e ro x id e .  

Latex ThreadThrGad a t u r e d  la t e x  h a s  to  b e
In  t h e  p r o d u c t io n  o f  '^ te x  rubber t h r e a d  t h e  m a^  rn a tu r e d  la t e x  i s  d e -  

c a r e fu l ly  p r o c e s s e d  to  a v o id  d e t e c t s .  T h e  P  c a p i l la r ie s  f o r  in je c t io n  
a e r a t e d  a n d  f i l t e r e d  b e f o r e  it i s  a l lo w e d  t o  p
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in to  a n  a c id  b a th .  T h e  n o z z le  o f  t h e  c a p i l la r y  is  im m e r s e d  in  c o a g u la n t  Th 
n o z z le  d e p th  in  c o a g u la n t  b a th  h a s  r e la t io n  to  t h e  t h r e a d  d ia m e te r .  T h e  r t 

o f  e x t r u s io n  i s  3 0 - 4 0  f e e t  p e r  m in u te .  T h e  o r i f ic e  o f  t h e  n o z z le  is  u su a l 
ro u n d  a n d  t h e  s i z e  o f  t h e  b o r e  v a r ie s  f r o m  0 .5  to  1m m . C o a g u la n t  norma/ 
u s e d  is  1 5 -4 0 %  a c e t i c  a c id .  G e n e r a l ly ,  w e a k e r  s o lu t io n s  o f  a c id  are u se d  f '' 

la r g e  d ia m e t e r  t h r e a d  a n d  s t r o n g  s o lu t io n s  f o r  h ig h e r  c o u n t  th r e a d s .  Forth™ 

p ro d u c t io n  o f  h ig h  c o u n t  th r e a d  a lc o h o l  i s  th e  m o s t  s u i t a b le  c o a g u la n t .  Between 
e x t ru d in g  n o z z le  a n d  w in d in g ,  th e  th r e a d  i s  u s u a l ly  s u b j e c t e d  to  s o m e  degree 

o f  s t r e t c h in g  w h ic h  m a y  b e  u p to  2 0 0 % . S t r e t c h in g  i s  n e c e s s a r y  to  facilitate 
w a s h in g ,  to  r e d u c e  p e r m a n e n t  s e t  a n d  to  i n c r e a s e  m o d u lu s  o f  t h e  th re ad  

V u lc a n i s a t i o n

L a te x  p ro d u c t s  a r e  g e n e ra l ly  v u lc a n is e d  a t  lo w t e m e p r a t u r e s  a n d  p ressure  
w h e n  c o m p a r e d  to  d r y  r u b b e r  p ro d u c t s .  It is  d e s i r a b le  t o  w a s h ,  le a c h  a n d  dry 

th e  la t e x  p r o d u c t s  b e f o r e  s u b je c t in g  th e m  to  v u l c a n is a t io n  te m p e ra tu re  

V u lc a n is a t io n  o f  s o m e  p r o d u c t s  i s  c a r r ie d  o u t  in  h o t  a ir .  S o m e  o th e r s  are 
v u lc a n is e d  in  o p e n  s t e a m  in  a u t o c la v e s .

Hot A ir Cure

T h e  e q u ip m e n t  u s e d  fo r  v u lc a n is a t io n  is  a n  o v e n .  O v e n s  u s e d  f o r  drying 
t h e  r u b b e r  f i lm  s h o u ld  b e  k e p t  a t  a  t e m e p r a t u r e  o f  5 5 - 6 6 ° C .  B u t  t h e  o v e n  for 

v u lc a n is a t io n  m a y  b e  k e p t  a t  1 0 0 ° C . T h e  h e a t in g  o v e n s  s h o u ld  n o t  b e  p la ced  

n e a r  th e  d ip p in g  t a n k s .  V u lc a n is a t io n  m a y  b e  c a r r ie d  o u t  a f t e r  t h o r o u g h  drying 

to  a v o id  fo m ia t io n  o f  b u b b le s /b lis te r s  o n  th e  s u r fa c e  o f  p ro d u c t s .  T h e  a d v a n ta g e s  

o f  h o t  a i r v u  c a n is a t io n  a r e  it s  s im p lic it y ,  lo w  c o s t  o f  e q u ip m e n t ,  a n d  th e  e a se  

w ith  w h ic h  It c a n  b e  a d o p te d  f o r  c o n t in u o u s  o p e r a t io n .  T h e  p r o c e s s  is  c le a n

v u l ^ n t i t b n ' "  a s s o c i a t e d  w ith  h o t  w a te r

Hot Water Vulcanisation

w a te r  h o t  w a t e r  o r  bo iling

Autoclave Vulcanisation

m  . u l o a . . .  t o  b a n ,  . b o u  . u i ™ S „

Radiation Vulcanisation



m e r s  d u r in g  v u l c a n is a t io n  o r  b y  s u b je c t in g  t h e m  to  r a d ia t io n  
rotating th e  a t  d i f f e r e n t  a n g le s ,  s o  t h a t  e a c h  p a r t  o f  t h e  s u r f a c e

a p p r o x im a te ly  t h e  s a m e  a m o u n t  o f  r a d ia t io n .

^gceives P  d e v i c e s  a r e  n o w  a v a i la b le  f o r  u s e  in  m a n u f a c tu r e  o f

o r o d u c t s  Radiation from g source and electron b e a m s  a r e  

^ ’’ L u i c a n i s a t i o n  o f  la t e x  a n d  th in  p ro d u c t s .  R a d ia t io n  p re -v u lc a n is e d  

i f a v S e  f r o m  a  p la n t  s e t  u p  in  J a k a r t a .  I n d o n e s ia  b y  t h e  In te m a t io n a i

ABm'ic Energy Agency.
Ultrasonic Wave Curing

U n lik e  m ic r o v ij a v e s ,  y i t r a s o n i c  w a v e s  a r e  n o t  e le c t r o m a g n e t ic ,  b u t  a r e  
p n « ^ m e c h a n i c a l  w a v e s  w h ic h  w h i le  p r o c e e d in g  t h r o u g h  a  m e d iu r n ,  

' S ^ t e r S t e  r e g io n s  o f  c o m p r e s s io n  a n d  r a t if ic a t io n  a t  h ig h  f r e q u e n c y  In 

h te f  s o m e  o f  t h e  e n e r g y  w i l l  b e  c o n v e r t e d  to  h e a t  b y  t h e  f r ic t io n a l  a n d  
S i o n  P r w e s s .  It i s  p r o v e d  t h a t  u n i f o r m  h e a t in g  a n d  v u lc a n is a t io n  o f  

p roducts i s  p o s s ib le  b y  t h i s  m e t h o d .

Testing o f Rubber Products

T e s t in g  o f  e n d  p r o d u c t s  i s  a n  im p o r t a n t  s t e p  in  p r o d u c t  m a n u fa c tu re ^  

The p ro d u c t  h a s  t o  b e  e x a m in e d  f o r  c o n fo r m it y  t o  f
ILtothem arketThepro ductslisted inTa l e 4 a t o e  a  elSI^^^^^^^

For th o s e  p r o d u c t s  w h ic h  h a v e  n o  IS I s t a n d a r d s  c o n fo r m it y  P

n a ton a l s t a n d a r d s  h a v e  to  b e  e x a m in e d .  If a  = 7 ^ "
testing its  p r o d u c t s  t h i s  m a y  b e  d o n e  in  c o m m o n  fa c i l i t y  c e n t r e s  e s t a b i i s h e a

fo rth is  p u r p o s e .

Tab le  4  : L a te x  b a s e d  ru b b e r  p ro d u c ts  w ith  ISI s p e c lf lc a tio n s

1. IS 1741-1960 Latex foam rubber products
!. IS 3701-1966 R u b be r protective sheaths (Condoms)

3. IS 4148-1967 Surgical rubber gloves
4 13 4149-1967 Post mortem rubber gloves.
5. IS 4770-1968 Rubber g loves f o r  electncal purposes
6 IS 5915-1970 S ingle tex tu re  rebberised waterproof fabrics.

T- IS 6110-1983 D oub le  textu re  rubberised v»aterproof fabrics

8- IS 8391-1977 R ubberised  coir sheets for cushioning

9 IS 9827-1981 shoe adhesive, natural rubber latex base
W IS 11060-1984 ivioulded rubberised coir c u s h io n in g .______



A  m o d e r n  m a n u f a c t u r e r  h a s  to  p a y  a d e q u a t e  a t t e n t io n  to  th e  pack 

a n d  p r e s e n t a t io n  h is  p r o d u c t s .  L a t e x  p r o d u c t s  m a n u f a c t u r e d  in  th is  c ou n t! 

a r e  la b o u r  in t e n s iv e  a n d  s o  t h e r e  is  c h a n c e  f o r  e x p o r t  o f  t h e s e  p ro d u c ts  t 

d e v e lo p e d  c o u n t r ie s ,  w h e r e  la b o u r  i s  e x p e n s iv e .  M a n y  o f  t h e s e  countries 
g iv e  c o n s id e r a b le  im p o r t a n c e  to  p a c k in g  a n d  p r e s e n t a t io n  o f  g o o d s  procured 

S o m e  im p o r t e r s  o f  s u r g ic a l  g lo v e s  w a n t  p a c k e d  r a d ia t io n  s t e r i l i s e d  g loves 

C o n c lu sio n  a n d  R e c o m m e n d a tio n s

i. M a n u f a c t u r e r s  m a y  try  to  u s e  c o s t  s a v i n g  r a w  l a t i c e s  lik e  low 
a m m o n ia - p r e s e r v e d  la t ic e s  a n d  p r e - v u l c a n is e d  la t ic e s .

ii. It i s  p r e f e r a b le  to  u s e  r a w  m a t e r ia ls  o f  c e r t i f ie d  q u a l it y  in  product 
m a n u fa c tu re .

i ii. M o d e r n is a t io n  in  p r o c e s s  a n d  m a c h in e r y  h a s  t o  b e  m a d e  in latex 
p r o d u c t s  l ik e  g lo v e s  a n d  r u b b e r  t h r e a d s .

iv. M o d e r n  m e th o d s  fo r  v u lc a n is in g  h a s  to  b e  p o p u la r is e d  a m o n g  small 

i n d u s t r ie s  to  r e d u c e  c o s t  o f  p r o d u c t io n  a n d  t o  im p r o v e t iu a l i t y .

V F in is h e d  p r o d u c t s  m a y  b e  e x a m in e d  f o r  c o n f o r m i t y  to  s e t  standa rds 
a n d  m a y  b e  m a r k e t e d  w ith  IS I m a rk .

vi. L a r g e  m a r k e t in g  o r g a n is a t io n s  s h o u ld  c o m e ‘ u p  f o r  u nd e rtak in g  

o r g a n is e d  m a r k e t in g  o r  p r o d u c e  f r o m  s m a l l  s c a l e  la t e x  gocds 
m a n u fa c tu r in g  u n its .

v ii. C o m m o n  fa c i l it y  c e n t r e s  fo r  t e s t in g  a n d  t e c h n i c a l  g u id a n c e  to  small 

s c a le  r u b b e r  in d u s t r ie s  m a y  b e  e s t a b l i s h e d  in  r e g io n s  w h e r e  there 
a r e  c o n c e n t r a t io n  o f  r u b b e r  in d u s t r ie s .

L A T E X F O A M

C e l lu la r  r u b b e r  o b t a in e d  f r o m  r u b b e r  la te x  is  d e f in e d  a s  a  m a s s  o f  cells 

in  w h ic h  th e  m a t r ix  i s  r u b b e r  T h e s e  a r e  b r o a d ly  c la s s i f ie d  in t o  tw o  ty p e s  -

I. S p o n g e  r u b b e r  in  w h ic h  th e  c e l l s  a r e  o p e n  a n d  in t e r c o n n e c t e d

II. E x p a n d e d  r u b b e r  in  w h i c h  t h e  c e l l s  a r e  c l o s e d  a n d  non- 
in t e r c o m m u n ic a t in g .

f r o m  'S ^ n g e '  m b b e r s  n o m ia l ly  d e n o te  c e l lu la r  p r o d u c t s  made

d P s r l p H  «  c  H M  ^  r u b b e r  latex,
is  d e s c n b e d  a s  s u c h .  H o w e v e r ,  s in c e  its c e l l s  a r e  o p e n  a n d  interconnecting 
It m a y  b e  c la s s i f ie d  a s  a  s p o n g e  ru b b e r .  in te r c o n n e c t in g .

M a n u fa c tu re  o f  L a tex  F o am

T h e  p r o c e s s  f o r  t h e  m a n u f a c t u r e  o f  la te x  f o a m  e s s e n t ia l ly  consists of 
e x p a n d in g  ( f o a m in g )  a  s u it a b ly  c o m p o u n d e d  la te x  to  a  d e s ir e d  v o k im e  setting  
{ g e l l in g )  t h e  r u b b e r  p a r t ic le s  a n d  t h e n  v u lc a n is in g  th e  p r o d u c t



tsW* s " " p r o c e s s e s  f o r  l a te x  f o a m  m a n u fa c tu re ,  v iz . ( i) D u n lo p  

There^^re ^ “ ^ ^ " p ^ o c e s s  w h ic h  d if f e r  m a in ly  in  t h e  f o a m in g  a n d  g e llin g

process
^ tu o d s .

punlop s i l i c o f lu o n d e  is  u s e d  a s  t h e  g e l l in g  a g e n t ,

in th e  h a n ic a l ly  b e a t e n  u p  to  a  f o a m  a n d  th e n  t h e  r e q u is t e
T h e la te x co m (W u n d  s  s i l i c o f lu o r id e  i s  a d d e d ,  w h ic h  in  th e

n f 'z in c  o x i d e  w i l l  s e t  t h e  f o a m  to  a  'g e l '  w it h in  a  f e w  m in u t e s .  T h e  

p r o d u c t  i s  t h e n  v u l c a n is e d  in  s t e a m .

Uechanism , 3o H ,b le  in  w a t e r  b u t  h y d r o ly s e s  in  it
v.Sodium s i l i c o - f lu o r id e  IS s p  L ib e r a t io n  o f

as s h o w n  b e lo w  .  a g H in q  a s  gelling is f o u n d  to  o c c u r

h yd ro fluo ric  a c id  f  ^  e % l  a b s o r p t iv e  e f f e c t  o f  s i l i c i c  a c id
at an a lK a lin e  p H  ( a b o u t  8 .2 - 8̂ & J h e  p  J  ^   ̂̂  h y d r o f lu o r ic  a n d
formed also plays a n . m p o r t a n ,  r o le  a n d  a

silic ic  a c id s  b r in g  a b o u t  9e n m g _  ,3 an^j a m m o n iu m  s a l t  ( in  t h is
strength. Z in c  o x id e  in  p r e s e n c e  ^ m  c o n d it io n s  a v a i la b le

case, a m m o n iu m  f lu o r id e )  s o a p  la y e r  o n  t h e  l a y e r  o n  t h e
(i.e., a r o u n d  8 ,3 ) w h ic h  r e m o v e  t h e  p r o t e c t iv e  s o a p  ic y

latex p a r t ic le s  a n d  b r in g  a b o u t  g e l l in g .  s e n s i t is in g

L r e  i s  a l s o  a n o t h e r  ‘ - h n i p u e  o f  

ge lling  p r o c e s s .  In  t h i s  p r o c e s s ,  g e l  1 g  s o lu b le  in  a m m o n ia ,  b u t  it s

L o l u b l e  Zinc s o a p s .  Z i n c  'a m m o n ^ ^
so lu b ility  is  i n c r e a s e d  w it h  t h e  a d d it io n  o f  a n  a m m ^  

a m m o n ia  c o m p le x ,  a s  s h o w n  b y  t h e  f o l lo w in g  r e a c t  on^  

zno . H.0 . (NH.). SO, = [Zno (NĤU
T h e  t e t r a m m o n iu m  goaps, thus r e m o v in g  th e

a m in e s  ( d ia m in e  ,S) w h ic h  f o r m  ,h e  f o a m e d  la te x ,
s o a p  la y e r  o n  t h e  l a t e x  p a r t i c le s  w h ic h  g e n e r a l ly  s t a b i l i s e d  b y  a

L a te x  c o m p o u n d s  u s in g  s u c h  g e l l in g  s y s  a lc o h o l  c o n d e n s a t e )  w h ic h  
n o n - io n ic  s t a b i l i s e r  (e .g . ,  e t h y le n e  0x 1 e  b u t  o n  r a is in g  t h e

f f . . — ■'«' — *  “ “

p » < , « i o n  o , .  g o o d  
g e l b e f o r e  t h e  d i s p e r s e d  a i r  s y s t e m s  d e ^  ^^^^,b,gs b e c o m e

s h o u ld  b e  a  g r a d u a l  b r e a k d o w n  . g y g te m ,  g e l l in g  t a k e s  p la c e  a t
in t e r c o n n e c t e d .  In  t h e  h e a t  s e n s i t is in g  9  9  i s  s t i l l  h ig h  s o  th a t

a h ig h e r  p H  ( 9 - 1 0 )  a t w h i c h  t h e  in te r n a l  p r e s s u r e  b u i ld s
th e  a i r  b u b b le s  t e n d  to  p e r s is t s  a n d  o n  r a p  d  h e  g  
u p  w h ic h  r u p t u r e s  t h e  c e l l  w a l l s  ( f o a m  s p li t t in g )  g iv in g



a s  a  " f e a th e r y "  s t r u c t u r e .  T t i i s  e f f e c t  i s  q u it e  p r o m in e n t  in  ttiic l<  a r t ic le s  
h e n c e  i s  l im ite d  to  th in  s e c t io n s  o n ly , e .g . ,  c a r p e t  u n d e r la y s .

In th e  g e l l in g  s y s t e m  b a s e d  o n  s o d iu m  s i l i c o f lu o r id e ,  lib e ra t ion  
h y d r o f lu o r ic  a c id  c o n t in u e s  e v e n  a f t e r  g e l l in g  is  c o m p le t e d  t h u s  low e rin g  th 

p H  o f  th e  f o a m .  W h e n  a n  a c id i c  p H  is  a t t a in e d ,  t h e  f o a m ,  i.e . a i r  d ispe rsed  
s y s te m ,  b r e a k s .  T h is  b r e a k in g  o f  th e  a i r - d is p e r s e d  s y s t e m  a f t e r  g e llin g  0^  

th e  I n te r c o n n e c t in g  c e l lu i r  s t r u c t u r e  o f  t h e  v u l c a n is e d  f o a m  p ro d u c t .  T tiis  

th e  m a in  r e a s o n  fo r  th e  w id e s p r e a d  u s e  o f  s o d iu m  s i l i c o f lu o r id e  gelling system 
in  la te x  f o a m  m a n u fa c tu re .

A  ty p ic a l f o n n u la t io n  o f  la te x  f o a m  b a s e d  o n  N R  la t e x  s u i t a b le  fo r  D u d Iod 
p r o c e s s  is  s h o w n  b e lo w  -

Parts b T w T

60% NR latex (de-am m oniated) --------------------------------------  ------ ------------------ ■ ? 6 7 ^
20% Potassium  oleate soap so lu tion ' »........ ...... .................... ................. _________________5 n
50% Sulphur d is p e rs io n -------------------  -  ■'—  ----------   — . .  -- , .
50% ZDC d isp e re io n "-------------------- "  ------------------------------ --------------- , - , . “
60%  ZM BT d ispers ion^--------  ---------------------------- “ -------------------- ^ ______ - — l l
50% Antioxidant d ispe rs ion /em u ls ion '_____________ _______________ __________, 2 n - i n
50% Filler d is p e r s io n ----------------------------- ----------- —  Upto40:0
50% Zinc ox(de dispersion — ------------------------------------------------------------------- ---------  g q

® f  --------------" ^ ---------------------- 0-5 to  3= required20% Sodium Silicofluoride dispersion* _________________________— __— 5 0-7 5

Cure in open steam ,100-C ) or as required

Minutes

For higher density foam s, a m ixture o f potassium  o lea te  and po tass ium  castor oil 
soaps IS recom m ended,

ZDC-2inc diethyl dithiocarbamate

ZM BT - z inc salt o f m ercaptobenzothiazoie.

= « l°n e /d ip h e n y la m m e , acelonErf 
latex L m  "  as antioxidants for

- r 'dH is low  <acidic\ anri aien ©^hibited by those  la lices  w hose gelling

T s ^ c ^ c is ^ t  t  a t , 1 : p r s f d  S m n r ' ^ ,  '“" “h
before the  latex ge ls properly. This results iJ w ha i i^ T
m inute bubbles coalesce before gelling ,
structure. S teps should therefore, be i a k L  to  d L a b i Z  f
causing ge lling before the air-dispersed system  S S  b r L . ®  ' “ w
gelling agents, e .g., a .triam ine base (e g trIeThvI tn m « h  ^  °
guanid ine and a ca tion ic soap like cetyl trim ethvl am m n ^  triam ine), diphenyl

successfu lly  used ,0 re ievanU oam  c o li i™ e  A ll r t r m T n c r K ^  'Ih e
gelling pH and cutting down the gelling tim e. unction by raising the



a s p e rs io n  o f  so d iu m  silico fluo ride  Is ccnvem ently prepred by the following 

method-

'■® ’ ' ° r ' ^ t  m e“ e q u i r e d  f o r  t h e  la t e x  u s e d .  N e i t h e r  to o  p r o lo n g e d  a  g e l l in g  
the g e llin g  t im e  r e q u  a d v is a b le .  In t h e  f o r m e r  c a s e ,  t h e r e  m a y
time no r a  veiy s h o r t  9e l^ h g  t n o n - u n i f o r m  d e n s i t y  a n d
be se tt in g  o f t h e  c h e m  M  S

; ; s S K S n »  -  »  T o "

«  r » 2 .° . .  . . . i n s  I i ~  o . «  —  "

be d iv id e d  in t o  t h e  f o l lo w in g  s t e p s  -

C o m p o u n d in g  

ii. F o a m in g  a n d  g e l l in g  

ill. V u lc a n i s a t i o n  

iv. W a s h in g ,  d r y in g  a n d  f in is h in g

' “ ' " Z t l o n i a  la t e x ,  if  u s e d ,  s - u l d ^ ^ e — "  

a m m o n ia  c o n t e n t  t o  0 . 3 - 0 , 1 5 / o )  ^  g e n e r a l ly  p r e fe r r e d  in  th e

f o r m a ld e h y d e  s o lu t io n ,  t h e  added d u r in g  d e - a m m o n ia t io n  a s
in du s try . A  s m a l l  a m o u n t  o f  c a s e in  m a y  b e  a d  ^ ^ d in g  t o  th e  q u a n t ity
a  s ta b ilis e r . D e - a m m o n ia t io n  m a y  r e q u ir e  8 - 2 4  h o u r s ,  a c c o r  

o f la t e x  a n d  e f f i c ie n c y  o f  t h e  d e - a m m o n ia t io n  p la n t  o r

S u lp h u r ,  a c c e le r a t o r ,  T e d ^ la te x  t a k e n  in  t h e  m ix in g
e m u ls io n )  a r e  t h e n  a d d e d  to  t h e  d e - a m  . .  ^ a l lo w e d  to  m a tu r e

t a r *  f it te d  w ith  a  s lo w  s p e e d  s t ir r e r . s h o u ld  b e

b y  k e e p in g  it  s lo w ly  s t i r r e d  f o r  ,̂33 b e e n  s h o w n  to  im p r o v e

d e c id e d  b y  t h e  a m b ie n t  “ o v e r - m a t u r in g ,  h o w e v e r ,  s h o u ld  b e
u p o n  t h e  p r o p e r t ie s  o f  t h e  f in a l  p r o d u c  ,  g n O  h a n d l in g  o f  t h e

a v o id e d  a s  it  g iv e s  p o o r  s t r e n g t h  o f  r e d u c e s  t h e  s t a b i l i t y  o f
p r o d u c t  b e f o r e  d r y in g  m a y  b e  
th e  la t e x ,  m a k in g  t h e  g e l l in g  to  t a k e  p la c e  f a s te r .



2 4 4  Technology of Rubber and Rubber Goods Indusin

Foaming and Gelling
F o a m in g  m a y  b e  d o n e  e i t h e r  b y  t h e  b a t c h  o r  c o n t in u o u s  p r o c e s s  

Batch Process - In t h e  b a t c h  p r o c e s s ,  a  p la n e t a r y  m ix e r  is  u se d  to 
fo a m in g .  T h e  m ix e r  is  p r o v id e d  w ith  a  w ir e  c a g e  ( c a g e  b e a t e r )  w h ic h  rotates 

in  a  p la n e t a r y  m o t io n  ( h e n c e  t h e  n a m e  o f  t h e  e q u ip m e n t )  a t  a b o u t  200 rpm 
T h e  la te x  c o m p o u n d  is  w e ig h e d  o u t  in to  t h e  m ix e r  b o w l,  s o a p  s o lu t io n  added 

a n d  t h e  m ix  m e c h a n ic a l ly  w h ip p e d  in to  a  f o a m  b y  t h e  r o t a t in g  c a g e  bea te r 

T h e  b e a t in g  t im e  n o rm a l ly  v a r ie s  b e tw e e n  1 5  a n d  2 0  m in u t e s  a n d  th e  volum e 

in c r e a s e  o f  t h e  c o m p o u n d e d  la t e x  is  g e n e r a l ly  f r o m  4 - 6  t im e s  f o r  cu sh ion s  
u p to  a b o u t  te n  t im e  fo r  s o f t  p r o d u c t s .

A f t e r  t h e  d e s i r e d  v o lu m e  in c r e a s e  h a s  t a k e n  p la c e ,  z i n c  o x id e  w ith  the 
s e c o n d a r y  g e l l i n g  a g e n t ,  i f  r e q u i r e d ,  i s  a d d e d ,  f o l l o w e d  b y  so d iu m  

s i l ic o f lu o r id e .  T h e  s p e e d  o f  b e a t in g  i s  u s u a l ly  r e d u c e d  a t  t h i s  s t a g e  in  order 

to  're f in e ' th e  f o a m , i.e ., to  r e d u c e  th e  b u b b le  s i z e  a n d  t h is  b e a t in g  is  con tinued  

till th e  c h e m ic a ls  f in a lly  a d d e d  a r e  u n ifo rm ly  d is t r ib u te d . T h e  f o a m e d  com p ound  

is  th e n  p o u r e d  in to  t h e  m o u ld  a n d  t h e  l id  p la c e d  in  p o s it io n .  T h e  g e llin g  is 

a l lo w e d  to  b e  c o m p le t e d  a n d  t h e n  t h e  m o u ld  is  p la c e d  in  t h e  v u l c a n is e r  

Continuous process - T h e  m o s t  p o p u la r  f r o t h in g  m a c h in e  u s e d  in the 
c o n t in u o u s  p r o c e s s  is  w h a t  is  k n o w n  a s  t h e  C a k e s  m ix e r  T h e  m ix in g  head 

o f  th e  C a k e s  m a c h in e  c o n s is t s  e s s e n t ia l ly  o f  a  r o t o r  w h ic h  i s  t o t a l ly  e n c lo se d  
w ith in  tw o  s t a lo r  m e m b e r s ,  B o th  th e  r o t o r  a n d  s t a t o r  h a l v e s  c a r r y  teeth 

e n m e s h in g  w ith  e a c h  o t h e r  L a t e x  c o m p o u n d  a n d  a i r  a r e  m e t e r e d  a c cu ra te ly  
in  th e  r ig h t  p ro p o r t io n  to  t h is  h e a d  a n d  b ro k e n  in to  a  f in e  f o rm .  T h e  f o a m  flows 

in to  a  s e c o n d  c h a m b e r  in  w h ic h  z in c  o x id e ,  s e c o n d a r y  g e l l i n g  a g e n t  and 
s o d iu m  s i l i c o f lu o r id e  a r e  m e te r e d  in  a n d  m ix e d  in to  t h e  f o a m .  T h e  fo a m  is 

th e n  c h a r g e d  in to  m o u ld s  w ith  th e  h e lp  o f  a  f le x ib le  p la s t i c  h o s e .  

Construction o f Moulds

T h e  m o u ld s  f o r  f o a m  r u b b e r  a r e  u s u a l ly  m a d e  f r o m  c a s t  a lu m in iu m  
t e c a u s e  o f  t h e  l ig h tn e s s ,  d u ra b i l i t y  a n d  g o o d  h e a t  c o n d u c t iv i t y  o f  t h e  m e ta l 

Z  " i^ d e ,  c y l in d r ic a l  c o r e s  a r e  a t t a c h e d  to

o f  t h e  b a c k  s i d e  o f  the

I b o u t  I  in . h  °  t h e  p r o d u c t  to
a b o u t  1 n c h  to  e n s u r e  u n i f o rm  c u r in g  t h r o u g h o u t  th e  m a s s  o f  t h e  p ro d u c t.

4 0 /o) w it h o u t  a f f e c t in g  t h e  c o m fo r t .  In d e s ig n in g  m o u ld s  allowance should 
b e  g iv e n  to  s h n n k a g e  o f  t h e  p r o d u c t  w h ic h  a m o u n t s  to  r o u g h ly  8 - 10%  linear 

M o u J d  lu b r ic a n t s  l ik e  p o ly e th y le n e  g ly c o l  a n d  a lk y l  s u lp h a t e  solutions



D r o d u c t s  a r e  n o r m a l ly  c u r e d  b y  o p e n  s t e a m  (a t  1 0 0 “ C )  
M ou ld  P  , g n d  q u ic k e r  t h a n  h o t  a i r  c u r in g .  T h in  s e c t io n s  o f  f o a m , 

^hich is  .® j j a r p e t  u n d e r la y s ,  c a n  b e  s u i t a b ly  c u r e d  b y  h o t  a i r  

e-S -

i r a n i s a t io n  t h e  p r o d u c t  i s  s t r ip p e d  f r o m  th e  m o u ld  a n d  w a s h e d  
;^ t t e rv u lc a n is ^  . s o l u b le s  l ik e  s o a p ,  e t c . ,  w h ic h  m a y  p r o d u c e  a  f o u l 

°  r s e  W a s N n g t  b e s t  c a r r ie d  o u t  b y  p a s s in g  t h e  p r o d u c t  b e t o e e n  

^ o u r d u r ™  J  t h e  w a t e r  b a th .  T h e  e x c e s s  w a t e r  a b s o r b e d  d u n n g

: S  f s ^ m o v e d  b y  p a s s l n g t h e  p r o d u c t  t h r o u g h  s q u e e z e  r o l le r s ,

t h P  o r o d u c t  i s  b e s t  c a r r ie d  o u t  in  h o t  a i r  o v e n s  a t  6 0 - 8 0 ° C ,

from th e  d e le t e r io u s  e f f e c t  o f  s u n l ig h t .

Common D e fe c ts  in  F o a m  M aking
T h e  f o l l o w in g  a r e  t h e  c o m m o n  d e f e c t s  e n c o u n t e r e d  d u r in g  f o a m

manufacture -
i. S h r in k a g e

ii. F o a m  c o l l a p s e  

ill. S e t t in g
iv. Complete d is t o r t io n  o f  t h e  f o a m .

U n d e r  n o r m a l  w o r k in g  b e  des ig^ n ing
latex foam  o n  drying a n d  a l lo w a n c e  f o r  t h is  „ latpx c o m p o u n d  b e fo re
the moulds. Ith a l b e e n  experienced  thatmatunnj^the^^^^^^^^
use considerably improves t h e  s h n n k a g e .  le a d in g  to  enormous
a g e n t i s  u s e d ,  v e r y  q u ic k  s e t t in g  m a y  P  b e  c o r r e c t ly

s h r in k a g e .  T h e  d o s a g e  modification of t h e  g e l l in g  a g e n t ,
a d ju s te d  b y  p r e l im in a r y  t n a ls .  O f t e n  s u it a  r e d u c e s  t h e

e.g ,, a d ju s t in g  t h e  p H  to  7 , 0  o r  a^ ^ m g  a  P  j, ^ e lp s  c o n s id e r a b ly  
ra te  o f  h y d r o ly t ic  d e c o m p o s i t io n  o f  s o d iu m  s i li  
in c o n r o l l in g  t h e  g e l l i n g  r a t e  a n d  t h e  c o n s e q u e n t  s h r in k a g e .

. P « - .  -  “ »
g e l lin g  p H ,  g e l l in g  m a y  t a k e  to o  lo n g  a  t im e  w h ic h  m



a ir  s y s t e m  m a y  b e  la r g e ly  d e s t r o y e d  b e f o r e  t h e  la t e x  g e l  is  p ro p e r ly  formg^ 

T h e  r e s u l t  i s  a  c o l l a p s e  o f  t h e  f o a m  s t r u c t u r e .  V a r i o u s  s e c o n d a r y  geiiin j 
a g e n t s ,  e .g . ,  V u ic a s t a b  T M ,  V u lc a s t a b  E F A ,  a n d  V u lc a f o r  D P G  h a v e  been 

r e c o m m e n d e d  t o  ‘s e n s i t i s e ’ th e  g e l  f o rm a t io n  s o  t h a t  t h e  r u b b e r  p a r t ic le s  are 

d e s t a b i l is e d  b e f o r e  t h e  d is p e r s e d  a i r  s y s t e m  is  a f f e c t e d -  A l l  t h e s e  secondary 
g e l l in g  a g e n t s  c u t  d o w n  t h e  g e l l in g  t im e  b y  r a is in g  t h e  g e l l i n g  p H .

Setting
If t h e  d o s e  o f  t h e  g e l l in g  a g e n t  i s  n o t  s u f f i c ie n t  to  g e l  t h e  la te x  in the 

d e s i r e d  t im e , t h e r e  m a y  b e  s e t t l in g  o f  t h e  g e l l in g  a g e n t ,  r e s u l t in g  in  a  non- 

u n ifo rm  d e n s i t y  o f  t h e  f o a m .

Complete Distortion o f the Foam
C o m p le t e  d is t o r t io n  o f  th e  la t e x  f o a m  m a y  t a k e  p la c e  e i t h e r  b y  foam 

c o l la p s e  o r  b y  in c o m p le t e  v u lc a n is a t io n .  T h e  D o s a g e s  o f  t h e  g e llin g  and 
c u r in g  a g e n t s  s h o u ld ,  t h e re fo re ,  b e  p r o p e r ly  a d ju s t e d  a n d  a d e q u a t e  curing 

t im e  in  o p e n  s t e a m  s h o u ld  b e  g iv e n .

ESTIMATION OF PROTEIN CONTAMINATION IN LATEX
L a t e x  c o n t a in s  a  s ig n if ic a n t  a m o u n t  o f  w a t e r  s o l u b le  p ro te in s .  Latex 

p r o d u c t s  s u c h  a s  g lo v e s ,  c o n d o m s  a n d  s u r g ic a l  b lo o m s  c o m e  in to  con tact 
vi/ith h u m a n s ,  a n d  c o n ta m in a t in g  p r o t e in s  p o s e  h e a lt h  r i s k s .  L a t e x  p ro te in  is 

e a s i ly  a b s o r b e d  th r o u g h  s k in  a n d  c a n  t r ig g e r  a l le r g ic  r e s p o n s e s .  Fortunate ly, 

m o s t  o f  t h e  s o lu b le  p ro te in  in  la te x  c a n  b e  e a s i ly  r e m o v e d  b y  s im p ly  w ash ing  
t h e  la te x  p r o d u c t s  in  w a te r .

B e c a u s e  o f  t h e  h e a lth  r i s k  a s s o c ia t e d  w ith  l a t e x  p r o t e in ,  la te x -b a se d  
p r o d u c t s  th a t  a r e  l ik e ly  to  c o m e  in to  c o n t a c t  w ith  h u m a n s  r e q u ir e  re m o v a l of 
th e  p ro te in  a n d  c a re fu l m o n ito r in g  o f  th e  p ro te in  c o n te n t  in  t h e  f in is h e d  products. 

E s t im a t io n  o f  p ro te in  c o n c e n t r a t io n  in  la te x  i s  c o m p l i c a t e d ,  t im e  c o n su m in g  
a n d  r e q u ir e s  s p e c ia l i s e d  s k i l l s  a n d  in s t r u m e n t s .  M o s t  p r o t e in  a s s a y s  are 

b a s e d  o n  c o lo r im e t r ic  m e t h o d s  C o lo r im e t r ic  a s s a y s  r e q u ir e  a  la r g e  sam p le  
v o lu m e ,  ru n n in g  o f  k n o w n  s t a n d a r d s ,  u s e  o f  c o lo r im e te r s ,  p lo t t in g  o f  standa rd  

c u r v e s  a n d  s o  fo rth . T h e  m o s t  w id e ly  u s e d  m e th o d  f o r  e s t ln io i i o n  o f  p ro te in  in 
la te x  is  b a s e d  o n  t h e  m e th o d  o f  L o w ry . T h e  L o w r y  m e t h o d  is  c o m p lic a t e d  to 
p e r fo r m  a n d  h a s  lo w  s e n s it iv it y .

A  s im p le  a n d  r e l ia b le  m e th o d  f o r  e s t im a t io n  o f  p r o t e in  c o n t e n t  in  latex 
c a l l e d  t h e  L a t e x  d o t M e t r ic  p ro t e in  a s s a y  h a s  b e e n  d e v e lo p e d  Protein 
e s t im a t io n  c a n  b e  p e r f o r m e d  a n y w h e r e  a n d  w ith  a  m in im u m  o f  s k i l l  and 
in s t r u m e n ta t io n .  T h e  t e s t  t a k e s  1 0 - 1 5  m in u t e s  to  p e r fo r m  a f t e r  p ro te in  has 

b e e n  e x t r a c t e d  f r o m  th e  t e s t  s a m p le s .  T h e  t e s t  d e t e c t s  p r o t e in  in  la te x  in 
a m o u n t s  a s  s m a l l  a s  5  m g / m l la t e x  p ro te in .

A  p ro p r ie ta r y  t e s t  s t r ip  a n d  r e a g e n t  s o lu t io n s  h a v e  b e e n  d e v e lo p e d  such 

th a t  w h e n  a m  m l p r o t e in  s o lu t io n  is  a p p l ie d  o n t o  t h e  t e s t  s t r ip ,  it p ro d u c e s



n .m e t n c a l  p r o t e in  s p o t s  ( F ig u r e  1 ). T h e  d ia m e t e r s  o f  th e  
coinp3‘: ' a n d  , o  p r o t e in  c o n c e n t r a t io n  ( F ig u r e  2 |  T h u s  b y

l e , n  P L ° P ° r  of p r o t e in  s p o t s  w it h  t h e  d o t M e t r i c  c a r d  ( s u p p l ie d
Sieasuring th e  c o n c e n t r a t io n  c a n  b e  r e l ia b ly  d e t e r m in e d .  F ig u r e  2

f in e a r  r e la t io n s h ip  o f  p r o t e in  c o n c e n t r a t io n  ( b o v in e  s e r u m  a lb u m in ,  

B s ' S h  th e  d ia m e t e r s  o f  p r o t e in  s p o t s .

I. 1 : L a te x  d o t M e tr ic  p ro te in  assay

A  p ro te in  s p o t  m e a s u r in g  s c a le ,  t e s t

using t h e s e  p lo t s  ( F ig u r e  2 )  f o r  t e s t  s tn p s ,
sam p le s . T h e  p r o t e in a s s a y  k it  c o n s is t s  p ro te

re ag en t s o lu t io n s  f o r  d e v e lo p in g  ^  ,
p ro te in  s p o t  d ia m e t e r  a n d  a  s im p le - t o - f o l lo w  p r

P r o t e in  e s t im a t i o n  p r o t o c o l  - v t r a r t in a

T h e  p r o t e in  e s t im a t io n  p r o t o c o l  - - 1 - 3  a  

so lu b le  p r o t e in  f r o m  la te x .  S im p ly  t a k e  a  p ie  ^  w ith in
fo r20-3b  m in u t e s  in  t h e  e x t r a c t io n  ^ o '^ tio n  s u P P ^ e d  w ith  «ac^^^^^

20 -3 0  m in u t e s  m o s t  o f  t h e  e x t r a c t io n  s o lu t  ^  d ilu t in g  t h e  p ro te in

p re p a re  a  s e r ia l  d i lu t io n  v irith  t h e  P  o f  a d d it io n a l  f iv e
e x t ra c t  t w o - f o ld  w it h  e a c h  s u c c e s s i v e  d ilu t i  p g ^ ,e lo p

tub es . A p p ly  1 - 3  m l o f  t h e  c o n c e n t r a t io n  in  t h e  la t e x
the t e s t  s t r ip  f o r  8-10 m in u t e s ,  a n d  r e a d  t h e  p ro te in  i-

e x t ra c t  w it h  t h e  d o t M e t r i c  c a r d .



F ig . 2 : The f ig u re  s h o w s  th e  d ia m e te rs  o f  th e  p ro te in  s p o ts  a re  proportional 
to  p ro te in  c o n c e n tra ito n

CONCLUSION

T h u s  f r o m  th e  a b o v e  ( r e la t e d  to  e s t im a t io n  o f  p r o t e in  c o n ta m in a t io n  in 

la te x )  it h a s  b e e n  s h o w n  th a t  d o t M e t r ic  p r o t e in  a s s a y  i s  h ig h ly  reproducible 
a n d  s im p le  to  p e r fo m n . T h e  r e l ia b i l i t y  o f  t h is  a s s a y  h a s  b e e n  c o m p a r e d  witti 
th e  s t a n d a r d  L o w e r y  m e th o d  g e n e r a l ly  u s e d  f o r  e s t im a t io n  o f  p ro te in  in latex 

p r o d u c t s .  F r o m  t h is  m e th o d  a s  l it t le  a s  5  m g / m l o f  p r o t e in  c a n  b e  detected. 
T h e  d o tM e t r ic  a s s a y  d o e s  n o t  r e q u ir e  u s e  o f  a n y  i n s t r u m e n t  o r  s p e c ia lis e d  

s k i l l s ,  m a k in g  it a  p a r t ic u la r ly  u s e fu l  f o o l f o r  r a p id  e s t im a t io n  o f  t h e  ra n g e  of 

p ro te in  c o n c e n t r a t io n  in  a n  in d u s t r ia l  p r o d u c t io n  s e t t in g .  T h e  t e s t  c a n  be 
p e r fo r m e d  o n  th e  f a c t o r  flo o r.



Vulcanisation

r r . z r r r . £ r ? i» . - = » > » - - ™ “ '
in to  a  s t r o n g  e l a s t i c  p r o d u c t .  in  s o lv e n t s  a n d

^ “ era,^
irt ♦ h ie  r^ h an tfiTd is c u s s e d  in  t h is  c l i a p t e r  

VULCANISATION SY STEM S

r «  : s  r « . , a .  —
type  a r e  f o r m e d  a s  s h o w n  b e lo w  -

S x
1----------- s y -

G e n e r a l ly ,  x  in  a n  '^P*°



in  t h e s e  n e tw o r k s  i s  u s u a l ly  c a l le d  t h e  “ c o e f f i c i e n t  o f  v u lc a n is a t io n "  and r  

d e f in e d  a s  th e  p a r t s  o f  s u lp h u r  c o m b in e d  p e r  o n e  h f ln d r e d  p a r t s  o f  rubber. For 
m o s t  r u b b e r s ,  o n e  c r o s s - l in k  f o r  a b o u t  e a c h  200  m o n o m e r  u n it s  in  th e  chain 

i s  s u f f ic ie n t  to  p r o d u c e  a  s u i t a b le  v u l c a n is e d  p r o d u c t  ( m o le c u la r  weight 
b e tv i/e e n  c r o s s - l i n k s  e q u a l  c a .  8 ,0 0 0  t o  1 0 ,0 0 0 ) ,  It i s  t h e s e  a m o u n t s  o f  cyclic 

s u lp h u r  (y ) a n d  t h e  e x c e s s i v e  s u lp h u r  in  t h e  c r o s s - l i n k s  (x )  w h ic h  con tribu te 
to  t h e  p o o r  a g e in g  p r o p e r t ie s  o f  th e  v u lc a n is a t e s .

S u lp h u r le s s  V u lca n isa tio n

V u lc a n is a t io n  e f f e c t e d  w ith o u t  e le m e n t a l  s u lp h u r ,  b y  t h e  u s e  o f  thiuram 

d is u lp h id e  c o m p o u n d s  ( a c c e le r a t o r s )  o r  w ith  s e le n iu m  o r  t e l lu r iu m  p roduces 
p ro d u c t s  w h ic h  a r e  m o r e  r e s is ta n t  to  h e a t  a g e in g .  W h i t  t h e  t h iu r a m  d isu lph ides, 
e f f ic ie n t  c r o s s - l i n k s  c o n t a in in g  o n ly  1 o r  2 s u lp h u r  a t o m s  a r e  fo u n d ,  and  in 
a d d it io n  t h e  a c c e le r a t o r  f r a g m e n t s  a c t  a s  a n t io x id a n t s .

P e ro x id e  V u lca n isa tio n

T h e  s a t u r a t e d  r u b b e r s  c a n n o t  b e  c r o s s - l i n k e d  b y  s u lp h u r  and 
a c c e le r a t o r s .  O r g a n ic  p e r o x id e s  a r e  n e c e s s a r y  f o r  t h e  v u lc a n is a t io n  o f  these 
r u b b e r s .  W h e n  th e  p e r o x id e s  d e c o m p o s e ,  f r e e  r a d i c a ls  a r e  f o r m e d  o n  the 

p o ly m e r  c h a in s ,  a n d  t h e s e  c h a in s  c a n  t h e n  c o m b in e s  to  f o r m  c r o s s - l in k s ,  as 
s h o w n  b e lo w  -

C om bination

C r o s s - l i n k s  o f  t h is  ty p e  o n ly  in v o lv e s  c a r b o n - t o - c a r b o n  b o n d s  a n d  are 
q u it e  s t a b le ,  th e y  a r e  a l s o  f o rm e d  b y  g a m m a  r a d ia t io n  a n d  X - r a d ia t io n ,  

O th er S y s te m s

.  S o m e  e la s t o m e r s  c a n  b e  v u lc a n is e d  b y  th e  u s e  o f  c e r t a in  n o n - s u lp h u r  
V b i f u n c t io n a l  c o m p o u n d s  w h ic h  f o rm  b r id g e  t y p e  c r o s s - l i n k s  f o r  e x a m p le , 

n e o p r e n e  w ith  m e ta l  o x id e s  o r  b u ty l r u b b e r  w ith  d in i t r o s o b e n z e n e

VULCANISATION CONDITIONS

In v u lc a n is a t io n  ( c u r in g )  p r o c e s s e s ,  c o n s id e r a t io n  m u s t  b e  m a d e  for 
t h e  d i f f e r e n c e  in  t h e  t h i c k n e s s  o f  t h e  o b je c t s  in v o lv e d ,  t h e  v u lc a n is a t io n  

t e m p e r a t u r e ,  a n d  t h e  t h e r m a l  s t a b i l i t y  o f  t h e  r u b b e r  c o m p o u n d .

E ffect o f  T h ic k n e s s

R u b b e r s  a r e  p o o r  h e a t  c o n d u c t o r s ,  t h u s  it  i s  n e c e s s a r y  t o  c o n s id e r  the 

h e a t  c o n d u c t io n ,  h e a t  c a p a c ity ,  g e o m e t r y  o f  th e  m o u ld ,  h e a t  e x c h a n g e  s y s te m .



w a d d in g  a n  addition com plicated articles, the item m a y  b e

r “rate at Which the m ould is heated or cooled.

Effect o f  Temperature t o  p r o d u c e  a

" '^ ^ ' t d ' o r o d u c t  h a ^ rn g  u n i f o r m  p h y s ic a l  p r o p e r t ie s  in  t h e  s h o r t e s t
properly P ^ '  ^ h e  " t e m p e r a t u r e  c o e f f i c i e n t  o f  v u l c a n is a t io n  i s  a

poss ib le  ‘ L h i p  t h a t  e x i s t s  b e tw e e n  d if f e r e n t  c u r e  t im e
term u s e d  to  id e n t i f y  t h e  r e  . ,  J L  , jo n  o f  t h is  ty p e ,  o p t im u m  c u r e  t im e s  
at d if fe re n t t e m p e r a t u r e s  . W i t h  ^ ^ ^ g t e d  f o r  m a n y  r u b b e r  c o m p o u n d s
as h ig h e r  o r  lo w e r  t e m p e r a t u  F o r  e x a m p le  m o s t  a ib b e r  c o m p o u n d s

with k no w n  c o e f f i c ie n t s  o f  in d ic a t e s  th a t  t h e  c u r e  t im e  m u s t

have a  c o e f f i c ie n t  o f  ( 1 0 'C )  in c r e a s e  in  c u r e  t e m p e r a tu r e ,

* r “ r 2 . _

S  I m p l a n t '  n o t  to  b y T h e  appea°^ ^ nce  o T th e
d e te r io ra t io n  w il l  o c c u r .  T h i s  e f f e c t  i s  e i u i j   ̂

f in ish e d  p r o d u c t  o r  b y  it s  p h y s ic a l  p r o e p r t ie s

m e th o d s  a r e  b r ie f ly  o u t l in e d  a s  f o l lo w s ,

f p r e c " h a p e d ' s l u g " r o r
m o u ld  w h ic h  i s  c lo s e d .  T h e  p r e s s u r e  aPP p r e s e n t  f lo w s  o u t  o f  th e
to  fit th e  s h a p e  o f th e  m o u ld ,  a n d  t h e  s l ig  This  e xcess  i s  k n o w n  a s

m a te r ia l o f  t h e  m o u ld  o r  t h r o u g h  s p e c ia l  v e n t s ,

"m o u ld  f la s h ” .

T r a n s f e r  M o u l d i n g  u n c u r e d  s t o c k  f r o m

T r a n s f e r  m o u d in g  f ' f a c t u a l  m o u ld  c a v it y .  T h i s  p r o c e s s
o n e  p a r t  o f  t h e  m o u ld  ( t h e  p o t)  in to  t h e  a



p e r m it s  t h e  m o u ld in g  o f  c o m p l i c a t e d  s h a p e s  o r  t h e  im b e d d in g  o f  in se rts  in 

m a n y  p o r d u c t s ,  t h e s e  p r o c e d u r e s  a r e  d i f f ic u l t  w it h  t h e  u s u a l  c o m p re ss io n  

m o u ld s .  A l t h o u g h  th e  m o u ld s  a r e  r e la t iv e ly  m o r e  e x p e n s iv e  t h a n  com p re ss ion  
m o u ld s ,  t h e  a c t u a l  p r o c e s s  p e r m i t s  s h o r t e r  c u r e  t im e s  t h r o u g h  th e  u se  of 
h ig h e r  t e m p e r a t u r e s  a n d  b e t t e r  h e a t  t r a n s f e r  w h ic h  i s  o b t a in e d  d u e  to  the 
h ig h e r  p r e s s u r e  a p p l ie d  to  f o r c e  t h e  c o m p o u n d  in to  t h e  m o u ld .

I n j e c t io n  M o u l d in g

In r e c e n t  y e a r s ,  In je c t io n  m o u ld in g  p r o c e s s e s  w h ic h  a r e  n o rm a lly  used 
fo r  th e  p r o d u c t io n  o f  p la s t ic s ,  h a v e  b e e n  d e v e lo p e d  s o  t h a t  s m a l l  rubber 

c o m p o u n d s  c a n  b e  m o u ld e d  a n d  v u l c a n is e d  b y  t h is  m e th o d .  B y  careful 

te m p e r a tu r e  c o n t r o l  o f  t h e  f e e d  s t o c k ,  i t e m s  c a n  b e  v u l c a n is e d  in  le s s  tfian 
s e v e r a l  m in u t e s  ( c u r e  t im e s  a r e  g e n e r a l ly  r e p o r t e d  in  s e c o n d s ) .

O p e n  C u r e s

i. H o t  a i r  o v e n s  c a n  b e  u s e d  to  v u l c a n is e  th in  a r t i c le s  ( b a l lo o n s ,  etc.). 

i t e m s  w h ic h  h a v e  b e e n  p r e s h a p e d  (b y  e x t r u s io n )  o r  b y  a  com b in a tion  
o f  p r e c u r in g  in  a  m o u ld ,  f o l lo w e d  b y  p o s t - v u lc a n i s a t o n  in  a n  oven 

T h e  la s t  p r o c e s s  i s  u s e d  t o  r e m o v e  p e r o x id e  d e c o m p o s it io n  products 

f r o m  i t e m s  c u r e d  w ith  p e r o x id e s .  T h e  s y s t e m  is  n o t  t o o  e f f ic ie n t  due 
to  t h e  p o o r  h e a t  t r a n s f e r  o f  h o t  a ir ,  a n d  lo n g e r  c u r e  t im e  a t lower 

t e m p e a r a t u r e s  a r e  n e c e s s a r y  to  p r e v e n t  t h e  f o r m a t io n  o f  p o ro s ity  or 

d e f o rm a t io n  o f  th e  u n v u lc a n is e d  p ro d u c t s .

li. O g e n  s t e a m  c a n  b e  u s e d  in  c lo s e d  c o n t a in e r s  c a l l e d  "A u to c ja y e s ' 

(w h ic h  r e s e m b le  h o m e  p r e s s u r e  c o o k e r s j H  h e  p r o c e s s  in v o lv e s  the 

u s e  o f  s a t u r a t e d  s t e a m  u n d e r  p r e s s u r e .  T h e  s a t u r a t e d  s t e a m  a c t as 

a n  in e r t  g a s ,  b e tte r  h e a t  t r a n s fe r  is  o b ta in e d ,  t h u s  h ig h e r  te m p e ra tu re s  
c a n  b e  u s e d  a n d  s h o r te r  c u r e  t im e s  a r e  p o s s ib le ,  m a k in g  t h is  p ro cess  

m o r e  d e s i r a b le  th a n  th e  a i r  o v e n .  H o s e ,  c a b le s ,  b u i l t - u p  footw ear, 
t y r e s  in  p o t - h e a t  m o u ld s  a r e  c u r e d  b y  t h is  m e th o d .

ill. W a t e r  c u r e s  c a n  b e  u s e d  f o r  a r t i c le s  th a t  a r e  n o t  a f f e c t e d  by 

im m e r s io n .  T h e  m e th o d  is  u s e fu l  f o r  la r g e  i t e m s  ( f o r  e x a m p le ,  large 
c o n t a in e r s  o r  r u b b e r - l in e d  c o n t a in e r s )  a n d  is  e s p e c i a l ly  u s e fu l  for 

h a r d  r u b b e r  c o m p o s it io n s .  D ir e c t  c o n t a c t  w ith  w a t e r  p r o d u c e s  better 

h e a t  t r a n s f e r  t h a n  w ith  a ir  o r  o p e n  s t e a m ,  c o n s e q u e n t ly  w ith  this 
s y s t e m ,  l e s s  d e f o rm a t io n  a n d  f a s t e r  c u r e s  a r e  o b t a in e d .

iv. L e a d  s h e a t h in g  c a n  b e  u s e d  to  c o v e r  s o f t ,  la r g e  e x t r u e d  s e c t io n s  

w ith  a  p r o t e c t iv e  c o v e r  f o r  v u lc a n is a t io n  in  s t e a m  T h e  p r o c e s s  is 
u s e d  f o r  g a r d e n  a n d  o th e r  h o s e ,  th e  le a d  s h e a t h  i s  u s u a l l y  a p p lie d  
b y  h y d r a u l ic  p r e s s u r e  o r  e x t r u s io n  im m e d ia t e ly  a s  th e  h o s e  e m e rg e s  
f r o m  it s  e x t ru d e r .

v  C o n t i n u o u s  v u l c a n is a t io n  p r o c e s s  - C o n j i n u o u s  vulcan isation  
g e n e r a l ly  in v o lv e s  th e  u s e  o f  s o m e  fo rm  o f  heating in  a m a n n er such



im m e d ia t e ly  a f t e r  th=  ru b b e r  

T h e  p r o c e s s  i s  n o r m a l ly  u s e d  f o r  e x t r u d e d  g o o d s ,  

®'*'‘^'®H'!Jirina c o n v e y o r  b e l l s  a n d  f lo o rin g ^
c o a te d  w  g . _ 3^ ji,3b ,e  ^ o t

^ h a m s  T w h i c h  e x t r u s io n s  m a y  b e  v u l c a n i s e d  m  a
l iq u id  b a t h s  in  w n  ^  r a p id ly  a t  t e m p e r a tu r e s

“ " ‘ ■ 'Tnn  , n n ° ?  h o w t e r  t h e  c o m p o u n d s  m u s t  b e  m o d if ie d  to  
f r o m  2 0 0 - 3 0 0  C ,  h  ’ p r o b le m  w ith  a n y  e x t ru d a te ,

■ s M s s
th a n  w it h  h o t  a i r  a lo n e ,  

c  Continuous hot air tunnels - ^ ^ e s e  c a n  b e  u s e d

m a n n e r  a s  h o t  a i r  o v e n s  a r e  p a s s in g  a n

d ip p e d  g o o d s ,  c a n  b e  ^

: u r e ^ ^ 3 ^ a ^ r L t w i . c o ^

t im e  a r t i c le s  a r e  s t n p p e d  v u lc a n is a t io n

d . Steam t u b e s  -  T h e s e  a r e  u s e d  °  ^ ir g

o f  s h e a t h in g  A f t e r  , g a ^  lu b e  c o n t a in in g  s t e a m
t h e  c a b le  p a s s e s  in to  a  j a c k e t e  . o f  t h e  c o v e r ,  th e

u n d e r  p r e s s u r e .  D e p e n d in g  c o n t r o l le d  to  c o m p le t e  th e

S * a n i s " o r c — ^

b e l t s  a n d  c o n t in u o u s  f lo o r in g  s  p  ^ ^ id e  a g a in s t  ause of and e d le s s  steel band wh h preŝ ^̂
l a r g e  h e a t e d  d r u m .  . ten m in u t e s  c o n t a c t

v u l c a n is a t io n  to  o c c u r  ^ '^ e v e r ,  t h is  s y s t e m  is
t im e .  B e l t  c u r in g  p r e s s e s  a r e  a  s o  u s e a  3,3
n o t  c o m p le t e le y  c o n t in u o u s ,  a lth o u g h  lo n g

m a d e  b y  t h is  m e th o d .  v „ l r a n i s e d  b y  t r e a tm e n t
C o ld v u lca n is a t io n -T h e se a ^ c le sm a ^ ^ ^ ^ ^ ^ ^ ^ ^ ^

w ith  s u lp h u r  m o n o c h lo n d e  r e p la c e d  b y  u s in g
t o  its v a p ^ T h e  p r o c e s s   ̂ a t  r o o m  te m p e r a tu r e s ,
u lt ra  a c c e le r a t o r s  w h ic h  a r e  c a p a b le  o t  c



vii. H ig h  e n e r g y  r a d ia t io n  -  S y s t e m s  u s in g  e i t h e r  g a m m a  radiation f 
c o b a l t  60 o r  e le c t r o n  b e a m s  h a v e  b e e n  u s e d  f o r  v u lc a n is a t io n  T ^ 
e le c t r o n  b e a m  m e th o d  h a s  b e e n  u s e d  to  c u r e  b o th  p o ly e th y le n  

s i l i c o n e  r u b b e r s .  T h is  i s  g e n e r a l ly  a c c o m p l i s h e d  b y  p a s 's m a i r  
r n a t e r la l i ' t h r o u g h  th e  b e a m  o n  a  c o n v e y o r

v iii M ic r o w a v e  v u lc a n is a t io n  -  U lt ra  h ig h  f r e q u e n c y  f ie ld s  ( H M F )  deve looM  

b y  a l t e r n a t in g  e le c t r o m a g n e t ic  c i r c u i t s  c a n  b e  u s e d  to  w a rm  up 
v u l c a n is e  a r t ic le s  w ith  la r g e  o r  u n e v e n  c r o s s  s e c t io n s .  T h e  p r o c « r  

re q u ir e d  p o la r  ru b b e r  m ix tu re s  s in c e  n o n p o la r  m a t e r ia ls  w ill n o t absorb 

th e  e n e r g y  p r o d u c e d .  It i s  p o s s ib le  to  w a r m  a r t ic le s  u p to  2 0 0 ”C  within 

3 0  s e c o n d s  w ith  s o m e  U H F  s y s t e m s .  C o n t i n u o u s  '^ '-o ce ss  utilisinn 
e x t r u d e r s  a n d  m ic r o w a v e  h e a t e r s  a r e  a v a i la b le .

DYNAMIC VULCANISATION O F A MIXTURE O F  NATURAL RUBBER 
WITH POLYPROPYLENE

D y n a m ic  v u lc a n is a t io n  is  b a s e d  o n  a  p r o c e d u r e ,  in  w h ic h  t h e  ru bbe r is 

v u lc a n is e d  w h i le  h o m o g e n is e d  w ith  m e l t e d  t h e r m o p la s t i c s .  T h e  m ix tu re  is 

p la s t ic  a b o v e  th e  m e lt in g  t e m p e r a t u r e  o f  t h e r m o p la s t i c s  a n d  it s h o w s  the 
p r o p e r t ie s  o f  a  v u lc a n is a t e  b e lo w  t h is  t e m p e r a t u r e .  S e v e r a l  c o m b in a t io n s  of 
th e m n o p la s t ic s  w ith  e la s t o m e r s  h a v e  b e e n  d e s c r ib e d  r e c e n t l y  T h e y  form 

m ix t u r e s  c a p a b le  o f  d y n a m ic  v u lc a n is a t io n  w ith  g o o d  r e s u l t in g  p ro p e r t ie s  

P h y s i c a l  a n d  m e c h a n i c a l  p r o p e r t ie s  o f  t h e  m ix t u r e s  d e p e n d  o n  the 

v u  c a n is a t io n  s y s t e m  u s e d  a s  w e l l  o n  th e  m o r p h o lo g ic a l  s t a t e  o f  t h e  b le nd  in 
m o lte n  s ta te  w h ic h ,  in  tu rn , d e p e n d s  v a r ia b le s  a s s o c ia t e d  w ith  th e  p repa ra tion

o f  b le n d s ,  s u c h  a s  t h e  in t e n s it y  a n d  d u r a t io n  o f  m ix in g .

w ith  v u lc a n is a t io n  o f  a  m ix t u r e  o f  n a t u r a l  rubber

T v s te r^  T ? ' '  "= ‘ " 9  v u lc a n is a t io n
S o f  v i l w  e x a m in e d  a l s o  f ro m  the
p o in t  o f  v ie w  o f  th e  m ix in g  c o n d it io n s .

P ro c e d u re

i n d e x S n  p o ly p r o p y le n e  T a t r e n  H P F  w ith  t h e  m e lt in g  flow

T e n s i le  s t r e n g th  a n d  e lo n g a t io n  a t  b r e a k  a r e  d e t e r m in e d  o n  a  tp n s i le  
t e s t e r  s c h o p p e r  H a r d n e s s  i s  m e a s u r e d  b y  a  d u r o m e j g r  S h o r e .  T h e  content



'^ ' ' ' " ‘ '^ T p o r t i o n  i s  d e t e r m in e d  b y  w e ig h t  a f t e r  s a m p le  e x t r a c t io n  w ith

o ,8 ,e co p n p o s iw n  °  b y  d io u m y l  p e r o x id e  ( D C P ) .  It i s  k n o w n  th a t
,h iu r a m d is u lp h id e  ( p o ly p r o p y le n e .  F o r m a t i o n  o f  t h e  g e l  a f t e r

T M TD  d o e s  d e c r e a s e s  w it h  t h e  in c r e a s in g  p o ly p r o p y le n e  c o n t e n t
vu lcan isa tion  o  T M T D  d e c r e a s ^ ^  v u lc a n is a t io n ,  th e

as e x p e c te d . If d ic u  V  P  r e a c t  w ith  b o th  c o m p o n e n t s  o f  t h e  m ix tu re ,
d e co m p o s it io n  p r o d u c t s  o f  w  v u l c a n is a t io n  s o

higher y ie ld  o f  g e l  i s  °  ^ „ n t L t  o f  P P  is  3 0 %  a n d  4 0 %  re s p e c t iv e ly ,
: 'a , . h e a m o u n t o f t h e g e  w h e n t  e  ^  2 ) . P a r t  o f

e x ce ed s  th e  a m o u n t  o f  r u b b e r  p r e s e n  f o r m a t io n  o f

^ p r o p y l e n e  i s  b u i l t  in t o  t h e  o f  s o l.  T h e i r
,y b r id  b r a n c h e d  s ^ ^ c tu ^ e s^  a t e o ^

S ^ e l  t’^ e ^ ^ e ^ t o f t h e

Fla. 1 : DeP«ndence^^geljmounU '

T h e  m e c h a n i c a l  p r o p e r t ie s  s'"®
s h o w n  in  T a b le  1. T h e  p r o p e r t ie s  o f  t h e  m ix tu  c o n d i t io n s

c o m p a r e d  w it h  u n v u l c a n is e d  ® P  .  o r e s e n c e  o f  a c c e le r a t o r s  o f
a n d  w ith  m ix t u r e s  v u l c a n is e d  b y  s u lp h u r  " t n  P  ^^ ^^ red m ix t u r e

c u r in g .  U n d e r  t h e s e  c o n d i t io n s ,  s o m e  f - a j s e d  b y  s e p a r a t i o n  o f  t h e  

c o n t a in in g  3 0 %  o f  P R  ® ,  b e  p r e p a r e d .  W i t h  m ix t u r e s
c o m p o n e n t s  s o  t h a t  t h e  p r o b e s  c o  , the v u lc a n is in g  s y s t e m
v u lc a n is e d  b y  s u lp h u r  a t  P P  c o n t e n t  o f  5 0 %  a n d  m o re .



d o e s  n o t  c a u s e  t h e  v u lc a n is a t io n .  T h e  T a b le  1 s h o w s  th a t  w ith  th e  increasin 
p o r t io n  o f  P P  in  u n c u r e d  m ix t u r e s  t h e  t e n s i l e  s t r e n g t h  in c r e a s e s .  A  sitniia ,̂ 

e f fe c t  i s  o b s e r v e d  fo r  m ix t u r e s  v u lc a n is e d  b y  p e r o x id e s ;  w h e n  c o m p a re d  with 
u n v u lc a n is e d  m ix tu re  th e  t e n s i le  s t r e n g th  i s  h ig h e r  a t  t h e  P P  c o n te n t  o f 40% 

b u t a p p r e c ia b ly  lo w e r  a t  6 0 %  o f  P R  T h is  t r e n d  c o r r e s p o n d s  to  t h e  assum ption  

th a t  r a d ic a ls  f o rm e d  b y  t h e  d e c o m p o s it io n  o f  d ic u m y l  p e r o x id e  re a c t  with 
b o th  c o m p o n e n t s  in  a  m ix t u r e  N R / P P .  A s  lo n g  a s  t h e  r u b b e r  p re d o m in a te s  in 
th e  m ix tu re ,  t h e  p o ly p r o p y le n e  m a c r o r a d i c a l s  r e a c t  m o s t ly  w ith  ru b b e r  giving 

in situ b lo c k  c o p o ly m e r s .  T h e s e  c o p o ly m e r s  im p r o v e  t h e  c o m p a t ib i l i t y  o f tiie 
c o m p o n e n ts  a n d  te n s ile  s t r e n g th  is  h ig h e r . O n  th e  b t h e r  h a n d ,  a s  t h e  proportion 
o f  P P  in c r e a s e s ,  m o r e  a n d  m o r e  p o ly p r o p y le n e  m a c r o r a d i c a l s  d e c a y  via 

f r a g m e n ta t io n  a n d  b y  t h e  r e a c t io n  w ith  t h e  p r e s e n t  o x y g e n .  T h is  le a d s  tottie 
d e s t r u c t io n  o f  P P  m a t r ix  a n d  to  d e t e r io r a t io n  o f  t h e  t e n s i l e  p ro p e r t ie s .

F ig . 2 : T he  da ta  fro m  F ig u re  1 ca ic u la te d  as ra t io  o f  ge i to  w e lg f , t  u n ity  o f 
e la s to m e r (g /N R )

V u lc a n i s a t io n  b y  s u lp h u r  g iv e s  a  m a te r ia l  w ith  s im i la r  p r o p e r t ie s  a t  the 

r a t io  m i  PP 7 0 :  3 0  a s  t h e  c r o s s - l in k in g  b y  p e r o x id e  T h e ln c r e a s e  o f  th  " P P  
c o n t e n t  c a u s e s  w o r s e n in g  o f  t h e  p r o p e r t ie s  o n  t h e  c o n t r a r y  to  t h e  in it ia t io n  

b y  p e r o x id e .  T h is  is  e x p la in e d  b y  t h e  d e c r e a s e  o f  th e  c r o s s - l in k in g  d e g r e e  o f





e la s t o m e r  a n d  b y  lo w e r in g  t h e  p r o b a b i l i t y  o f  t h e  f o r m a t io n  o f  h y b r id  rubbe 
p o ly p r o p y le n e  c h a in s .  T h e s e  c o n s id e r a t io n s  a r e  s u p p o r t e d  b y  th e  datao^ 

h a r d n e s s  s in c e  t h e  m ix t u r e s  N R / P P  6 0  ; 4 0  v u l c a n is e d  b y  s u lp h u r  show 

lo w e r  h a r d n e s s  t h a n  s im i la r  u n v u l c a n is e d  m ix t u r e s .  T h e  h a r d n e s s  o f the 

m ix t r u e  4 0 : 6 0  v u lc a n is e d  b y  p e r o x id e  i s  a l s o  lo w e r ,  w h ic h  p r o b a b ly  reflects 
t h e  d e g r a d a t io n  o f  p o ly p r o p y le n e  m a t r ix .

T h e  w h o le  s y s t e m  is  s e n s i t iv e  to  t h e  c o n d i t i o n s  o f  m ix in g .  Its in fluence 
o n  t h e  p r o p e r t ie s  i s  s e e n  in  T a b le  2  o n  a n  e x a m p le  o f  t h e  m ix t u r e  N R / P p  7q

■ 3 0  v u lc a n is e d  b y  d ic u m y l p e r o x id e  a t  t h e  c o n c e n t r a t io n  o f  1 % . T h e  properties 
o f  v u lc a n is a t e  d e p e n d  o n  t h e  r a te  a n d  t im e  o f  m ix in g .  A t  lo w  (3 0  rp m ) and 

m e d iu m  (7 5  rp m )  ra te ,  1 m in u t e  is  n o t  e n o u g h  f o r  o b t a in in g  s a m p le s  with 

g o o d  m e c h a n ic a l  p ro p e r t ie s .  T h e  e n h a n c e d  m ix in g  r a t e  ( 1 5 0  rp m )  le a d s  to an 

in c r e a s e  in  th e  s t r e n g th  b y  6 0 %  a n d  in  t h e  e lo n g a t io n  a t  b r e a k  b y  160% . if 

th e  t im e  o f  m ix in g  is  p r o lo n g e d  to  8  m in u t e s ,  g o o d  p r o p e r t ie s  o f  t h e  m ixture 

a r e  fo u n d  a t  lo w  a n d  m e d iu m  m ix in g  ra te .  A t  t h e  h ig h e s t  r a te ,  t h e  lo n g e r  time 

o f  m ix in g  l e a d s  to  d e te r io r a t io n  o f  t h e  p ro p e r t ie s .  T h e r e  i s  a n  o p t im u m  degree 
o f  m ix in g  g iv e n  b y  a  p r o p e r  c o m b in a t io n  o f  m ix in g  r a t e  a n d  t im e .  In su ffic ien t 

h o m o g e n e it y  o f  t h e  m ix t u r e  i s  a c h ie v e d  b e lo w  t h e  o p t im u m  v a lu e .  O n  the 

o th e r  h a n d  th e  m e c h a n ic a l  a n d  t h e r m o - o x id a t iv e  d e g r a d a t io n  o f  t h e  orig ina l 
p o ly m e r  a n d  p r o d u c t s  o f  t h e  r e a c t io n  t a k e s  p la c e  a t  h ig h e r  th a n  optim a l 
d e g r e e  o f  m ix in g .  T h u s ,  t h e  r e s u lt in g  p r o p e r t ie s  o f  t h e  m ix t u r e  a r e  w o r s e  for 
v a r io u s  r e a s o n s .

Table 2 : The in f lu e n c e  o f  th e  c o n d it io n s  o f  m ix in g  o n  th e  p ro p e r t ie s  o f  the 
m ix tu re  NR7PP 70 : 30 v u lc a n is e d  fay 1%  DCP

Speed
rpm

Time Tensile stress 
MPa

Elongation
%

hardness
Sh

30 1 3,4 70 78
75 1 3.6 50 82
150 ■1 5,6 160 80
30 8 6.6 180 82
75 6 7,1 210 82
150 8 4 5 140 80

VULCANISTION O F HYDRAULIC WIRE BRAIDED HOSE

P e r h a p s  t h e  m o s t  im p o r t a n t  p r o p e r t y  r e q u ir e d  o f  a  w ir e  r e in fo r c e d  
h y d r a u h c  h o s e  i s  t h a t  it  s h o u ld  b e  w e l l  b o n d e d  t o g e t h e r  w it h  g o o d  
c o n s o l id a t io n  a n d  c o m p a c t io n  a n d  lo w  c o m p r e s s io n  s e t  T h i s  i s  a  ve ry  
n e c e s s a r y  p r o p e r t y  o f  t h e  c u r e d  h o s e  in  o r d e r  to  o b t a in  s a t is f a c t o r y  im p lu s e  

f ie ld  a n d  u s e r  p e r f o r m a n c e .  It i s  u s u a l ly  a c h ie v e d  b y  a p p ly in g  p r e s s u r e  t o  the



fn  a n d  d u r in g  v u l c a n is a t io n ,  a n d  o v e r  th e  y e a r s  h a s  c o n s is t e d  

hoseius* ®  n r e s s u r e  in  o p e n  p a n s ,  c lo t h  v i/ ra p p in g s . u n d e r te a d  s h e a th s ,  
ofstraigM®‘ ® ^ 'T ^ ^ ,e r r u b b e r  h a s  b e e n  e x t r u d e d  in to  p o s it o n  o r  in d e e d  m o r e  

gppliedaft® ''"; e s t a b l i s h e d  e le c t r i c  c a b le  in d u s t r y  c o n t in u o u s  s y s t e m s ,  
jecently o r  m o l t e n  s a l t  in  p r e s s u r is e d  t u b e s  ( P L C V ) .

 ̂ n e r f o r m a n c e  o f  u n d e r ie a d  c u r e d  h y d r a u l ic  h o s e  i s  c o m p a r a b le  

T r  w  C V  s y s t e m .  A d d i t io n a l ly ,  h o s e  m a d e  w ith  b r a id  in s u la t io n s  

*  u fd " ru b b e r in  p la c e  o f  c o n v e n t io n a l  c a le n d e r e d  s h e e t  r u b b e r  a r e  a ls o

**^"’ T « p n t l v  the ultimate hose performance i s  measured b y  the S(>called 
t u a  e  w a v e "  p r e s s u r e  impulse t e s t  ( I S O ,  1 4 3 6 ) ,  b u t  t h is  h a s  n o t  

■ ' ' ' ' I s i d e r e d  1 0 0 %  s a t is f a c t o r y ,  b e c a u s e  o f  a  la r g e  s c a t t e r  o f  t e s t  r e s u lt s  

nn  th e  s a m e  p ie c e  o f  h o s e ,  t h e  t e s t in g  t im e  is  to o  lo n g ,  a n d  t h e  t e s t

S  not n c lu d e  A e x 'n g ,  a n d  in  t h is  c o n n e c t io n  d o e s  n o t  t ru ly  r e f le c t  o p e ra t in g  
^  i io n s  T h e r e f o r e  a n  a l t e r n a t iv e  to  t h e  s t r a ig h t  im p  u s e  t e s t  i s  a ls o  

exam ined  - t h e  n e w  h a l f  o m e g a  f le x in g  t e s t  ( I S D  D I S  8 0 3 2 ) .

Impulse Perform ance
F ig u r e  3  s h o w s  a n  i n c r e a s e d  p a t te rn  o f  s t r a ig h t  im p u ls e  

n f  P L C V  T h i s  i s  c o n s id e r e d  to  f o l lo w  a u t o m a t ic a l ly  f r o m  im p ro v e d
S p r o S e r t i l s a n d b r o u g h t a b o u t b y t h e g r e a t ^

of the P L C V  s y s t e m ,

Impulse-flex (H alf O m e g a )
B y  u s in g  t h e  p a r a m e t e r s  o f  t h e  h a l f  o m e g a  

has b e e n  s h o w n  ( F ig u r e  3 ), t h e  f a l l - o f f  in  im p lu s e  

c o n d it io n s  i s  c o n s i s t e n t  in  t h e  t h r e e  s i z e s
c o n so lid a t io n  t r e n d s  b e t w e e n  le a d  c o v e r e d  a n d  P L C V  s y s t e m s  t o g e in e  

c a le n d e re d  a n d  l iq u id  r u b b e r  in s u la t io n s .

Energy U sa g e  , ^
It h a s  b e e n  c le a r l y  s h o w n  th a t  b y  t h e  u s e  o f  ™ I n  s o lv e n t

calendering operation c an  b e  e lim ina ted . T h e  l iq u id  m  y   ̂ o ( , t , e n

b ase d  fo rr^  o r  t h e  m o r e  d e s i r a b l e  t r u e  l iq u id  fo rm , a s  s o lv e n t s  d o  n o t 

need  to  b e  u s e d .  ,

T h u s ,  b o th  t h e  h ig h e r  c a p it a l  c o s t  a n d  ®
rubber c a le n d e r  c a n  b e  e l im in a t e d  b y  t h e  u s e  o f  lo w  e n e r g y  a n a  c o  p 

low c a p it a l c o s t  d r o u g h t  m ix in g  e q u ip m e n t  f o r  t h e  a p p l ic a t io n  o f  th e  

ru b b e rs  u s e d  in  w ir e  b r a id e d ,  h y d r a u l i c  h o s e .



F ig . 3 : Lead P ICV V  C a le n d e rs /L iq u id  in  s o lu t io n  (u n d e r  im p u ls e  + flex 
p r e s s u r e )

P r o c e d u r e

H o s e  in  b o r e  s i z e s  10 , 1 2 .5  a n d  1 9  nnm  a r e  m a d e  u s in g  c a le n d e re d  
s h e e t  a n d  l iq u id  r u b b e r  in s u la t io n s  a n d  a r e  v u lc a n is e d  u n d e r  le a d  o r  b v  P LC V  
s y s t e m s .

S t r a ig h t  im p lu s e  ( I S 0 1 4 3 6 )  a n d  im p lu s e  + h a l f  o m e g a  f le x  ( I S O  8032), 

f s o ^ D ra f t  80°32 ' ‘ ® *® ''m ined w h ic h  f o r m  t h e  b a s i s  fo r  the

w h p n  3 . A d h e s io n  i s  im p r o v e d  in  a ll tiose

m  f h T h n ^ ^ ^  ‘ ’ V * ’ ® P L C V  s y s t e m  b e c a u s e  o f  t h e  h ig h e r  p re s s u r e s  
s v s  p m  ? h f ,  ® ' '^ l« n is a t io n  in  P L C V  t h a n  o n  t h e  c o n v e n t io n a l  lead

th e  Z m  h h  T ' ®  in s u la t io n  b e c a u s e
th e  iq u id  r u b b e r  f lo w s  in to  a n d  b e tw e e n  th e  w ir e  b r a id e d  in t e r s t i c e s  during

" l C V  p r o c e  " s i n ? "

T a k in g  F  R a t io 's  d e r iv e d  f ro m  th e  re s u lt s  in  F ig u r e  3  it c a n  b e  s e e n  tha t -

a . T h e  s i z e  o f  h o s e  is  v e r y  s ig n if ic a n t  w ith  r e g a r d  to  le v e l  o f  im p lu s e

® b y  t h e  u s e  o f  l iq u id  r u b b e r  a s  an
in s u la n t  in  t h e  h o s e  r a t h e r  t h a n  b y  t h e  u s e  o f  c a le n d e r e d  r u b b e r



3 s ig n i f ic a n t  im p r o v e m e n t  b y  t h e  u s e  o f  P L C V  c u r e  o v e r

n H p r le s d  s y s t s m .  
r t e r e  is  a  v e r y  im p o r ta n t fa li-< 3 f f  o f  im p u ls e  p r o p e r t ie s ,  u n d e r  f le x u r a l

^ .pacted, b u t  a n d  t h e  le n g th  o f

Ml scale o m e g a  t e s t  c o u ld  b e  u sed^

^ ' ' ' ^ J L r a i ^ M j e i s t r a d i t o n a l W ^

i s c o f i i i d i f ^ t  a  u s e f u l  a d ju n c t  to  e h e o m  J  decided to  in v e s t ig a te  

C ,R . is  u s e d  a s  a n  a l t e r n a t i v e  to  B a y p r e n  C .R .

673-4. . ,
T h is  e q u ip m e n t  c o n s i s t s  o f  t h e  f o l lo w in g  m o d u le s  -

î  T h e  le a d  a s s e m b ly  m o d u le  w ith  f u r n a c e

iii.

T h e  t e m p e r a t u r e  p r o g r a m m e  

T h e  a m p l i f ie r  m o d u le

iv. T h e  r e c o r d e r  a c s e m b lv  a n d  is

T h e  b a s e  m o d u le  c o n s is t s  o f  t h e  a n d  f lo w m e t e r  fo r

fitted w ith  c o n n e c t io n s  f o r  w a t e r  c o o l in g ,  g  . ^ loU jer i s  p o s it io n e d

a tm o s p h e r e  c o n t r o l  a r o u n d  ® „ t u r e  m o n it o r  i s  a d j a c e n t  to  th e
w ith in  t h e  a s s e m b ly ,  s o  t h a t  ^ a n c e  h a s  c a p a b i l i t y  a t  t e m p e r a t u r e
s e p e c im e n  u n d e r  e x a m in a t io n . T h e  u  t h e  t e m p e r a t u r e  l im it  i s
u p to  a n d  o v e r  1 0 0 ° C ,  a l t h o u g h  t o r  t h is  in v e s i iy



Test C urren t
rec ipe

NA22
base

Pyrogaltol/s
donor

Rheometer T M ax. 96.0 94 .0 94^0
@ 1 77‘ C TM in, 12.0 12.0 12,0

Search 1.7 1.7 1.7

T 9 0 4.6 4.6 4.6

A S T M o ilN o .3  

(70 Hrs, @ 1 0 0 *C )

+ 43,0 + 45.0 + 45,0

iRHD hardness 83.0 81 83.0

T/S (MPa) 11.4 11.0 10.9

E/B (%)
C om pression set

210.0 210 .0 220.0

(24 hours @ 70"c) 36 35.0 33.0

T h e  s p e c im e n  h o ld e r s  w ith in  t h e  h e a d  a s s e m b l y  c o n s is t  o f  small 

p la t in u m  c r u c ib le s ,  w h ic h  lo c a t e  in to  w e l ls  in  a  c e r a m i c  b lo c k .

T h e  o t h e r  c o m p o n e n t s  o f  t h e  a n a ly s e r  a r e  c o n n e c t e d  in  s e r ie s  to  the 

r e c o r d e r  w h ic h ,  in  tu rn , p r o d u c e s  a  g r a p h i c a l  r e c o r d in g  o f  t h e  r e a c t io n  a s  it 
t a k e s  p la c e .

R e s u lt s  o f  th e  d a t a  o b t a in e d  f r o m  th e  D T A  t r a c e s  ( T a b le  4 )  a s  p roposed  

b y  B o r c h a r d t  a n d  D a n ie ls  a n d  d e r iv e d  f r o m  th e ir  e q u a t io n ,  a l s o  c o n f i rm s  that 

t h e  p y r o g a i lo l/ S  D o n o r  s y s t e m  h a s  a  r a t e  o f  r e a c t io n  a t  l e a s t  e q u a l  to  or 
f a s t e r  t h a n  th a t  o f  N A  2 2  in  c o m p o u n d s  b a s e d  o n  e i t h e r  B a y p r e n  o r  Denka  
C .R .  r u b b e r s ,  a n d  a l s o  h a s  e x c e l l e n t  c o m p r e s s io n  s e t  ( T a b le  3 ).

T ab le  4 : C o m p a ra tiv e  en e rg y  o f  a c tiv a tio n  fo r  a c c e le ra to rs  In  neop re n e  
c o m p o u n d s

E KJ/cml 
com p

A cce le ra to r

N A 2 2

S /D onor pyrogallo l

Baypren

25.52

24.77

Denka

31.75

26.60



EQuatio"

K  =

K A V
[ K ( A - a ) - C p A T r

F o rf ir s t  o rd e r  r e a c t io n s  (x  = 1 ) s in c e  C  J  i s  re la t iv e ly  s m a ll,  th is  s im p lif ie s

K  =
AT 

A - a
(T h is  m e th o d  c a n  o n ly  b e  u s e d  f o r  c o m p a r a t iv e  s tu d ie s ) ,

CONTINUOUS VULCANISATION METHOD

C o n t in u o u s  v u l c a n is a t io n  g e n e r a l ly  in v o lv e s  t h e  u s e  o f  s o m e  fo rm  o f  

heating in  a  m a n n e r  s u c h  t h a t  t h e  v u l c a n is a t io n  s t e p  u s u a l l y  o c c u r s  

im m ediately a f t e r  t h e  r u b b e r  a r t ic le  is  f o r m e d .  T h e  p r o c e s s  is  n o rm a l ly  u s e d  

forextruded g o o d s ,  c o a t e d  w ir in g ,  c o n v e y o r  b e lts , a n d  f lo o r in g . T h e s e  m e th o d s  

are d e s c r ib e d  b r ie f ly  a s  u n d e r .

LCM (LIQUID CU RE METHOD)

T h e  v u l c a n is a t io n  m e d iu m  m a y  b e  -

i. A n  e u t e c t ic  m ix t u r e  o f  th r e e  in o r g a n ic  s a lts :  K N O ^ , N a N G ^  a n d  N a N O j ,  

e tc .,  c o m p o s i t i o n  b e in g  5 3 - 4 0 - 7 %  a n d  e u t e c t ic  p o in t  1 4 3  C

ii. A  m ix t u r e  o f  5 0 %  K N O 3 a n d  5 0 %  N a N O ,  h a s  a n  e u t e c t ic  p o in t  o f  

2 1 9 “C

iii. A  c o m m o n ly  a p p l i e d  v u l c a n is a t io n  t e m p e r a t u r e  i s  2 4 0  C ,
t im e  f o r  t h in - w a l le d  s e c t i o n s  in  t e n -m e t r e  b a th  b e in g  1 m in u t e  a s  

s h o w n  in  F i g u r e  4 .

T h e  s p e c i f i c  e n e r g y  c o n s u m p t io n  o f  a  t e n -m e t r e  
bath a n d  b e lt  h e a t in g ,  m o t o r s ,  f a n s ,  e t c . ) ,  m e a s u r e d  a t  a  ‘ ’ ^ teh  t e m p e r  

“f 2 40 - c , i s  o n  a n  a v e r a g e  0 . 2 5  K W  p e r  k i lo g r a m  o f  s e c t io n .  A b o u t  3 0  

this e n e rg y  i s  e f f e c t iv e ly  u s e d  f o r  v u lc a n is a t io n .

T h e  s p e c i f i c  v u l c a n is a t io n  c o s t s  a r e ,  o n  a n  
k ilogram  o f  r u b b e r  s e c t io n ,  f o r  a  p r o d u c t io n  c a p a c i t y  o f  200  9  _  „  
^Bure a ll f a c t o r s  h a v e  b e e n  t a k e n  in to  a c c o u n t  ( la b o u r ,  e n e r g y  P  

salt lo s s e s ,  o v e r h e a t ,  e t c .) .

Microwave P re -h e a t in g  P iu s  H o t Air V u lca n isa tio n

W it h  t h i s  m e t h o d  o n e  o r  m o r e  m a g n e t r o n s  a r e  u s e d  

® '® ctrom agnetic f ie ld  w ith  a  f r e q u e n c y  o f  (u s u a l ly )  2 4 5 0  M e g a  H



p ro f ile  t r a n s p o r t e d  t h r o u g h  t h is  f ie ld  i s  v e r y  q u ic k ly  h e a t e d ;  d e p e n d in g  onth 

p o la r it y  o f  t h e  c o m p o u n d ,  it w il l  t a k e  3 0 - 4 0  s e c o n d s ,  f o r  e x a m p le ,  to  heati 
f r o m  9 0 - 1 9 0 ° C .  V u lc a n i s a t io n  p r o p e r  t a k e s  lo n g e r ,  a n d  is  u s u a l ly  done  in 

h o t  a i r  t u n n e l  a n -a n g e d  im m e d ia t e ly  b e h in d  t h e  m ic r o w a v e  o f  U H F  equiptDew 
T y p ic a l  v u lc a n is a t io n  c o n d i t io n s ,  f o r  a u t o m o t i v e  a n d  b u i ld in g  p ro f ile s , area 

t e m p e r a tu r e  o f  3 0 0 ° C  a n d  a  d w e ll  t im e  o f  5  m in u t e s  in  t h e  H o t  A i r  tunnel, 

m ic r o w a v e  p lu s  H o t  A i r  m e th o d  i s  o f t e n  u s e d  f o r  t h i c k  o r  t h ic k -w a l le d  rubber 

s e c t io n s .  T h e  c o m p o u n d  to  b e  v u l c a n is e d  m u s t  b e  p o la r ;  i f  it is  not, some 

p o la r it y  c a n  b e  o b t a in e d  b y  u s in g  f in e ,  e s p e c ia l ly  lo w - s t r u c t u r e  c a rb o n  blacks 
d ie t h y le n e  g ly c o l  ( D E G )  o r  t r ie t h a n o la m in e -

Na N O ,
3 i r c

F ig . 4  : LCM  m e th o d  s h o w in g  e u te c tic  m ix tu re  K N O j, N aN O , a n d  NaNO,

T w o  s y s t e m s  o f  m ic r o w a v e  p r e - h e a t in g  a r e  d is t in g u i s h e d .  T h e  cavity 
s y s t e m  (w ith  a  r e c t a n g u la r  a p p l ic a t o r )  i s  e s p e c ia l ly  s u i t a b le  f o r  la r g e  profiles 

o r  m u lt ip le  s m a l l  p r o f i le s .  T h e  r o u n d p ip e  s y s t e m  is  m o r e  s u i t a b le  fo r  singte 
s m a l l  p i;o n ie s .

T h e  s p e c i f i c  e n e r g y  c o n s u m p t io n  o f  a  2 x  6  K W  m ic r o w a v e  un it fora 

c a p a c i t y  o f  2 0 0  k g /h r  a n d  a  t e m p e r a t u r e  in c r e a s e  o f  1 0 O 'C ,  i s  0 , 1 7  K W  pet 
k i lo g r a m  o f  r u b b e r  p ro f i le .  F o r  a n  a s s e m b ly  in c lu d in g  a  h o t  a i r  tunnel ttiis 
f ig u r e  is  0 .3  K W / k g .  T h e  p o w e r  e f f ic ie n c y  o f  a  m ic r o w a v e  u n it  i s  s l ig h t ly  more 
t h a n  5 0 % .

H ot Air V u lc a n isa tio n

M o d e m  H o t  A i r  v u lc a n is a t io n  t u n n e ls  h a v e  a  n u m b e r  o f  f e a t u r e s  ensuring 
g o o d  h e a t  t r a n s fe r .

i. T h e  v u lc a n is a t io n  t e m p e r a tu r e  is  h ig h  3 0 0 - 3 5 0 ° C .

ii. T h e  a i r  v e lo c i t y  in  t h e  t u n n e l  h a s  b e e n  in c r e a s e d  to  a b o u t  3 00m /m ii'



c o n v e y o r  b e l t s  in s t e a d  o f  a  s in g le  b e lt ,  th e

iii. B y  ®PPJj||g h a s  b e e n  in c r e a s e d  b y  a  f a c t o r  t h r e e  w ith o u t  a n  in c r e a s e

in floor Space or energy.
T h e  m e tn o d  i s  s u i t a b l e  o n iy  f o r  t h in - w a l le d  s e c t io n s ,  w h ic h  m a y  b e

^ T t u n n e l s  u s e  f r e s h  a i r  o n ly ,  w h i le  in  o t h e r s  t h e  H o t  A i r  i s  re c y c le d .  

i ; " ^ , ;  a T t u n n e ls ,  a  h e a t  e x c h a n g e r  h a s  b e e n  in c o r p o r a t e d .

!  L m v  c o n s u m e d  in  v u lc a n is a t io n  o f  3 0 0  k g  o f  r u b b e r  s e c t io n s  p e r  

^ m e t r e  t u n n e l  w h ic h  i s  t r a v e r s e d  t h r e e  l im e s  b y  th e  
^  t i l  v u l c a n is a t io n  le n g t h  o f  5 4  m e t r e s )  i s  a b o u t  6 0  K W /h r .  ( i.e . 0 .2 8  

w h e n  m e  v u l c a n is a t io n  t e m p e r a t u r e  i s  3 0 0 " C  a n d  t h e  tw o  f in a l 

S e r i t s  ( o f  3  m e t r e s  e a c h )  a r e  n o t  p r o v id e d  w ith  a i r  h e a te r s .
S S K ( S c h e r . S p r i t z K o p f ) P r e - h e a t i n g P l u s H o t A i r V u l o a n i s a t i o n

™ l e t i p t : I . A L h e a t - u p , v u l c a n i s a t i o n t a K e s p l a c e i n ^

'“ " " ' T h i s  m e a n s  t h a t  t h e  S S K  h a s  e x a c t ly  t h e  s a m e  fu n c t io n  a s  a  m ic ro w a v e
unit, but th e re  a r e  a  number o f  t y p ic a l  d i f f e r e n c e s .  th e

i. Microwave heat-up an electromagnetic field is used, whereas the
SSK-unit u s e s  m e c h a n i c a l  e n e rg y .  „ „ i „  w h i le

ii. T h e  m ic r o w a v e  m e t h o d  is  s u i t a b le  f o r
t h e  S S K  m e th o d  is  als o  su itab le  f o r  n o n - p o la r  P

iii. The floor space needed for the SSK-unit is six or seven times
th a n  f o r  a  m ic r o w a v e  u n it .  „ „ , i i n m p n t

iv. T h e  S S K  u n i t  i s  c o n s id e r a b ly  c h e a p e r  2 4 D
t h o u g h o n t h e o t h e r h a n d a m o r e e x ^
in ste a d  of 16D, because a h ig h e r  pressu h n t t h a t o f

V T h e p o w e re ffic ie n cy o fth e m icro w a v e is iu sta b o ve S O A .b u tth a to

t h e  S S K  is  80%, _  c o n s u m p t io n  o f

F o r  a  c a p a c i t y  o f  3 0 0  k g /h r , w ith  A T  7 0  . c o m b in a t io n

an S S K  i s  14 K W / h r  w h ic h  is  0.05 K W / k g  is  o.22 K W / k g  o f
of S S K  + H o t  A i r  t u n n e l  r e q u i r e s  a  to ta l o f  50 K W / h r , 

ru b b e r p ro f i le  p r o d u c e d .



266 Technology O f Rubber and Rubber Goods Industri !
F lu id ise d -b e d  V u lc a n is a tio n  I

T h e  v u l c a n is a t io n  m e d iu m  is  in  e f f e c t  a  m ix t u r e  o f  a i r  a n d  veru  i 
g la s s  b e a d s  { 0 .1 -0 .2  m m ) ,  t h e  s o - c a l l e d  b a l lo t in is .  T h e  c o n t in u o u s  ru ^ *  

s e c t io n  w h ic h  i s  t o  b e  v u l c a n is e d  is  t r a n s p o r t e d  t h r o u g h  t h e  b e d  o f  b a l lo t i?  

a n d  is  k e p t  f iu id is e d  b y  h o t  a ir .  O n  a c c o u n t  o f  t h e  e x c e l l e n t  h e a t  t r a n s f e r ' 

t h is  s y s t e m  ( t h e  m e d iu m  b e h a v e s  lil<e a  l iq u id )  v u l c a n is a i t o n  ta k e s  only'" 
s h o r t  t im e .  M a x im u m  t e m p e r a t u r e  i s  2 5 0 ° C .  F i u id i s e d  b e d s  a r e  about a* 
lo n g  i s  L C f i/ l b a th s ,  t h a t  is ,  1 0 - 1 2  m e t r e s .  T h e  m a in  p r o b le m  w itii this 

v u lc a n is a t io n  m e th o d  i s  th a t  t h e  g la s s  b e a d s  t e n d  t o  s t i c k  to  th e  rubber 

p ro f ile .  T h e  f iu id is e d  b e d  m e th o d  is  m o r e  c o m m o n  in  B r it a in .  A  s t r ik in g  feature 

o f  a ib b e r  s e c t io n s  o r  h o s e s  p r o d u c e d  b y  t h is  m e th o d  is  t h e ir  v e lv e t - l ik e  surface 

E lec tro n  B eam  V u lc a n isa tio n

T h is  v u l c a n is a t io n  m e t h o d  is  b a s e d  o n  i r r a d ia t io n  o f  r u b b e r  surfaces 

w ith  (3 r a y s ,  p  r a d ia t io n ,  i.e . ,  a n  e le c t r o n  b e a m ,  i s  p r e f e r r e d  to  o t h e r  types of 
r a d ia t io n  b e c a u s e  o f  it s  h ig h e r  p e n e t r a t in g  a n d  io n is in g  p o w e r  T h e  radiation 

e q u ip m n t  c a n  a l s o  b e  u s e d  f o r  p r e s e r v a t io n  t r e a t m e n t  o f  f r u i t s  a n d  potatoes 

a n d  f o r  s t e r i l i s in g  m e d ic a l  in s t r u m e n t s .  T h e  e l e c t r o n s  c a u s e  C - C  b o n d s  via 

r a d ic a l  f o rm a t io n .  S u lp h u r  o f  p e r o x id e  v u l c a n is a t io n  s y s t e m s  is  n o t  needed. 

T h e  m e th o d  is  v e r y  q u ic k ,  a n d  p r a c t ic a l ly  n o  h e a t  i s  g e n e r a t e d .  H o w e v e r, the 
d e p th  o f  p e n e t r a t io n  i s  o n ly  a  f e w  m i l l im e t r e s  a n d  e v e n  i r r a d ia t io n  fro m  belli 
s id e s  w il l  f a il  w ith  c o m p o u n d s  t h ic k e r  th a n  6  m m .  It i s  n o t  s u r p r is in g  tha t the 

m e th o d  is  f r e q u e n t ly  u s e d  f o r  th e  th in  c a b le s  o r  f la t  a r t ic le s .  S p e e d s  o f  400- 
5 0 0  m /m in .  a ir  f e a s ib le  ( fo r  c a b le ) .

PLCV (P re s s u r is e d  L iquid C o n tin u o u s  V u lc a n isa tio n )

T h e  v u lc a n is a t io n  m e d iu m  is  a n  L C M  s a l t  m ix t u r e ,  b u t  t h is  t im e  the 
m ix t u r e  IS u n d e r  p r e s s u r e  c a . 2  a tm . T h e  m e t h o d  is  u s e d  f o r  c a b le s  only, 

p r e s s u n s a t io n  h e lp s  to  d e c r e s e  p o rp o s ity .  A n  a d v a n t a g e  o f  t h is  m e th o d  over 
t h e  S t e a m - p ip e  m e th o d  is  th a t  t h e  v u lc a n is a t io n  t e m p e r a t u r e  is  in d e p en d en t 
o f  t h e  p r e s s u r e  a n d  t h e  v u lc a n is a t io n  m e d iu m  is  d ry .

HVGC (H igh V elocity  G as  C ure)

T h r ®  v u lc a n is a t io n  t a k e s  p la c e  in  h ig h - s p e e d ,  r e c ir c u la t in g  N,

v e l o r f c  i^ n n  v u l c a n s a t i o n  t e m p e r a t u r e  i s  3 5 0 ” C ,  t h e  m a x im u m  gas

u s e d  f n r  r T h t e T  m a x im u m  p r e s s u r e  1 0  a tm .  T h e  m e th o d  is
u s e d  f o r  c a b le s  o n ly  T h e  c u r in g  u n it  in c lu d e s  a p p a r a t u s  f o r  m o n it o n n g  the 

r a n c e n t r a t io n  o f  O ,  a n d  C H ,  (b y  p r o d u c t s  o f  th e  d e c o m p o s it io n  o f  v u lcan is in g

S te a m -p ip e  V u lc a n isa tio n

T h e  s t e a m  p ip e  m e th o d  is  u s e d  f o r  c a b le s  o n ly  b e ca u < ;p  rn m n n n e n t s  
t h a t  l a c k  a  m e t a l  c o r e  c a n n o t  b e  t r a n s p o r t e d  t h r o u g h 't h e  p ip e  T h e  i L q t h  of 

p ip e  w h e r e  v u l c a n is a t io n  t a k e s  p la c e  i s  5 0 - 8 0  m e t r e s ,  a n d  t h e  s u b s e q u e n t



i s  1 0 - 2 5  m e t r e s .  S t e a m  p r e s s u r e  m a y  r e a c h  2 5  a tm o s p h e r e s  
^ l in g  s e c W ^  c o r r e s p o n d s  to  a  t e m p e r a t u r e  o f  a b o u t  2 2 3 “C .

ga ug e  p re s  ^  h o r i z o n t a l  ( H C V  f o r  c a b le  d ia m e t e r s  u p to  1 5  m m ),

^'’ ® , r r v V o r  f o r  h e a v ie r  c a b le s ,  v e r t ic a l  ( V C V ) ,  D e p e n d in g  o n  f a c t o r s  
p ip e  le n g th ,  s t e a m  p r e s s u r e ,  c a b le  d ia m e te r  e t c  v u lc a n is a t io n  

o f  2 0 0  to  e v e n  5 0 0  m e t r e s  p e r  m in u t e  c a n  b e  a c h ie v e d .

D n tn cu re  Vulcanisation

T h is  m e th o d  is  h ig h ly  s u i t a b le  f o r  v u lc a n is a t io n  o f  b ro a d  r u b b e r  b e i t in a  
b  J t e  a n d  V - b e l t s .  B y  m e a n s  o f  a  s t e e l  b e l t  t h e  s h e e tm g  ,s  p r e s s e d  

" " 1 , 1  i n t e r n a l  s t e a m - h e a t e d  d r u m .  T h e  r e v e r s in g  r o l ls  m a y  b e  s t e a m  

S lT s t e a m  i s  n o t  a v a i la b l e  t h e  d r u m ( s )  m a y  b e  h e a t e d  w ith  o il  o r  w ith

e le c tr ic  q u a r t z  r a d ia t o r s .

” ° " 'H e f c u r e  v u l c a n is a t io n  i n v o lv e s  p a s s in g  th e  p ro f i le  to  

fe c ircu la t io n  o v e r  a  h e a t e r .  _________

Pressurised vulcanisation
Pressureless vu lca n isa tio n

1. PLCV
1- LCM

2 HVGC
2. UHF + H o tA ir

3 Steam Pipe
3 Hot A ir

4 Rotocure
4. SSK + H o tA ir

5 Helicure
5. Fluid Bed

6. Radiation cu ring  (p -rad ia tion ) _____________



Manufacturing Techniques of Rubber 
Products

I N T R O D U C T I O N

M a n u f a c t u r in g  t e c h n iq u e s  p o s e  a  f e w  o f  t h e  k e y  p r o b le m s  w h ic h  are 

c o m m o n  to  t h e  in d u s t r y  a n d  a r e  w o r t h y  o f  n o te .  T h e s e  a r is e  m a in ly  from  the 

in t r in s ic  p r o p e r t ie s  o f  t e x t i le s  a n d  r u b b e r  s to c l^ s  a n d  f r o m  t h e  se m i-p la s t ic  

c o n d i t io n  o f  m a t e r ia ls  in  t h e  u n v u lc a n is e d  s ta te .

A lt h o u g h  t h e  r u b b e r  c o a t in g  a p p l ie d  to  t e x t i le s  p r o v id e s  p ro te c t io n  from 

m o is t u r e  a b s o r p t io n ,  it i s  im p o r t a n t  to  l im it  e x p o s u r e  t im e  to  a  practical 

m in im u m .  A  h ig h  m o is t u r e  r e g a in  in  r a y o n ,  f o r  e x a m p le ,  c a n  re su lt  in 
s e p a r a t io n s  w ith in  t h e  c a s in g  s t r u c t u r e  w h e n  in t e r n a l  p r e s s u r e  is  re le a s e d  at 

th e  c o n c lu s io n  o f  t h e  v u lc a n is a t io n  p r o c e s s .  F o r  t h is  r e a s o n ,  a n d  a ls o  to 

p re v e n t  s e lf - a d h e s io n ,  'in  p r o c e s s ’ s t o c k s  m u s t  b e  in t e r le a v e d  a t  a ll s ta g e s  in 
d r y  lo w - m o is t u r e  a b s o r b e n t  t e x t i le  l in in g s .

T h e  in s ta b i l i t y  o f  r u b b e r e d  m a t e r ia ls  a n d  c o m p o u n d s  c r e a t e s  handling 
p r o b le m s .  F o r  e x a m p le ,  r e la t iv e ly  m in o r  d is t o r t io n  to  c u t  p ly  m a te r ia ls  will 
a l t e r  t h e  b ia s  a n g le  a n d  r e g u la r it y  o f  c o r d  s p a c in g .  T h i s  c a n  a f f e c t  ultim ate 

c a s in g  t e n s io n  a n d  u n if o r m it y  o f  t h e  ty re . In c r i t ic a l  a r e a s ,  l ik e  ra d ia l ply 

t y r e s ,  th e .p la n t  i s  d e s ig n e d  w ith  f e s t o o n  a p p l i a n c e s  a n d  a i r  f lo t a t io n  sys tem s 
t o  m in im is e  t h is  d a n g e r

C a r e  i s  n e c e s s a r y  to  e n s u r e  th a t  c o m p o u n d s  a r e  f r e e  f r o m  incip ie rit 
s c o r c h in g  a n d  t h a t  t h e  d e s i r e d  s u r f a c e  c o n d i t io n  is  r e t a in e d  a t  t h e  t im e  of 

t y r e  b u i ld in g  C le a r ly ,  o v e r - t a c k y  o r  o v e r - d r y  m a t e r ia ls  p r e s e n t  hand ling  

d if f ic u lt ie s  a n d  d u e  a t te n t io n  h a s  to  b e  p a id  to  m a tu r in g  t im e s  a n d  s h e l f  l ife .« 
i s  im p e r a t iv e  th a t  in t e r fa c e  b o n d in g , d u r in g  a s s e m b ly  i s  g o o d ,  a n d  c le a n lin e s s  

i s  a  k e y  r e q u ir e m e n t  a t  a ll s t a g e s  o f  m a n u fa c tu re .  T h e  d e v e lo p m e n t  o f  su rfa ce  
b lo o m in g ,  w ith  s o m e  c o m p o u n d s ,  c a n  b e  c o u n t e r a c t e d  b y  l ig h t  a p p lic a t io n  of 
a  s o lv e n t - s o a k e d  te x t i le  p a d  d u r in g  t h e  t y r e  c a s in g  a s s e m b ly  o p e r a t io n s .

O n e  o f  t h e  a n a t h e m a s  o f  ty re  m a n u f a c t u r e  is  in c lu d e d  a ir. E v e n  a fte r all 
p r e c a u t io n s  h a v e  b e e n  t a k e n  in  t h e  f it t in g  a n d  p r o g r e s s iv e  c o n s o l id a t io n  of 

in d iv id u a l  c o m p o n e n t s ,  it  i s  in e v i t a b le  th a t  m in u t e  c h a n n e ls  o f  a i r  w il l  p e rs is t



w it h in  t h e  s t r u c tu re ^  D u r in g  t h e  p o w e r  s t i t c h in g  
, ,  the s te p p e d  edge^ s , , .3,3,3 r e q u ir e  to

operations, ^ u a l p r ic k in g .
„ere le a se d  y c o n t o u r  of the r a w  ty r e  i s  im p o r t a n t  1

„ fs to ck  c a n  ^;“ : r ^ f , u e n c 8 o f  t h e  h ig h  in t e r n a l  p r e s s u r e  a p p l ie d  to  u,= 

v s u r f ^ M  i r r e g u la r i t ie s  i n d u c e  f lo w  w h ic h  c a n  r e s u l t  in  m o u ld in g

- S l n . n e f o r m o f s ^ . s «

is e s s e n t  a l to  P P  y  f in is h e d  p ro d u c t .
m a n u fa c tu n n g  p  a r p  ^ u b ie c t  t o  specific g ra v it y  c h e c k in g  a n d  to

T h e  m ix e d  - l a s t  c it v  a n d  m o d u lu s .  W a t e r  h a r d n e s s ,
c u re m e te r t e s t in g  f u s e d  for te x t i le  t r e a tm e n t ,  

v iscosity, a lk a lin ity ,  a n d  to ta l  t a t ic  r u b b e r - t o - c o r d  a d h e s io n  is
^ u s t b e  c o n t r o l le d ,  a n d  a  o f  p r o c e s s e d  r o l ls  f o r

d e s ira b le  w ith  c e r t a in  c r i t ic a l  r^ a t r n a t e r ia ls  m u s t  b e  e x a m in e d  fo r
use in manufacture. R u b b e r e d  p y  g o m e  instances, p e r c e n t a g e

ex ten s ib ility , r e g u la r i t y  o f  c o r d  s p a ™ 9 ,  a n  • o p e r a t io n s  in  c o m p o n e n t

m o is tu re  r e g a in .  T h e  c o n t in u o u s  d im e n s io n a l  a c c u r a c y

p re p a ra t io n  a n d  t y r e  b u i ld in g  is  e s s  , u n i f o r m it y  a n d  g r a d in g
of c o m p o n e n t s  a n d  m a c h in e  s e t t in g s .  r a d ia l  a n d  la te r a l
m a c h in e s  a r e  u s e d  t o  c h e c k  s t ia t i c  o r  d y n a m ic  b a ia n  

run -ou t, e t c . , o f  t h e  f in i s h e d  p ro d u c t .

P N E U M A T I C  T Y R E S  has b ro u g h t  a b o u t

R e c e n t  e m p h a s i s  h a s  b e e n  a s s is  w a te r  d is p la c e m e n t
the d e v e lo p m e n t  o f  m o r e  c o m p le x  t r e a d  p  re q u ir e m e n t

I m p r o v e m e n t s  to  r o a d  n e tw o r k s  3 " ^ ’ P® ' s p e e d s .  C o n c u r r e n t ly ,  

m o t o n « a y s ,  h a v e  le d  to  altered s ig n if ic a n t ly  re s u lt in g
s u s p e n s io n  s y s t e m s  a n d  c h a s s i s  d e s ig n  d e v e lo p m e n t s  h a s

In m o r e  s e n s i t iv e  s t r u c t u r e s .  T h e  . a n d  r e s o n a n c e s  e x c i t e d  b y
te n d e d  to  h ig h l ig h t  t h e  i ll e f f e c t s  o f  y i  s t r u c t u re .  A s  a  d ir e c t
f o r c e s  g e n e r a t e d  b y  l a c k  o f  u n i f o r m it y  " ^ ^ ' " ' g j c a t i o n s  fo r  ty re  u n ifo rm ity  
re su lt , v e h i c le  m a n u f a c t u r e r s  in s is t  u p o n  g  e x te n t ,  f o r  t h e  t r u c k

p a r t ic u la r ly  in  t h e  p a s s e n g e r  c a r  f ie ld  a h  ^ . . i t j c a l  w ith  t h e  a d o p t io n  o f  t h e  

r a n g e s .  T h i s  r e q u ir e m e n t  h a s  . .  g j u l u s  m a te r ia ls  in  th e  c a r c a s s ,
r a d ia l p ly  t y r e  a n d  th e  I n c r e a s in g  u s e  o f  h  g
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c o m p le t e  r e a p p r a i s a l  o f  p r e v io u s ly  a c c e p t e d  m a n u f a c t u r in g  p ra c t ic e s  
o p e r a t in g  t o le r a n c e s  h a s  b e e n  m a d e ,  l e a d in g  to  t h e  r a is in g  o f  q h T  

a c c e p t a n c e  s t a n d a r d s  f o r  r a w  m a t e r ia ls ,  i n p r o c e s s  c o m p o n e n t s  
m a n u f a c tu r e ,  a n d  f in is h e d  t y r e  g r a d in g .  '

C O N S T R U C T I O N  O F  T Y R E

T y r e  m a n u f a c t u r e  h a s  a l s o  b e e n  c o m p l i c a t e d ,  p a r t ic u la r ly  in the 
p a s s e n g e r  c a r  r a n g e ,  b y  a  t r e n d  t o w a r d s  t h e  a d o p t e io n  o f  s q u a t  section 

t y r e s .  W h e r e a s  a  f e w  y e a r s  a g o  t h e  s e c t i o n  h e ig h t - w id t h  ra t io  was 

a p p r o x im t e ly  1 0 0 % , in  p r e s e n t - d a y  t y r e s ,  it i s  n e a r e r  8 0 %  a n d  th e  trend is 

s t i l l  d o w n w a rd s .  F r o m  t h e  c a r  m a n u f a c t u r e r 's  p o in t  o f  v ie w ,  t h is  re su lts  in 
v e h i c le s  w ith  a  lo w e r  c e n t r e  o f  g r a v i t y  a n d  c o n s e q u e n t l y  im p r o v e d  control 

c h a r a c t e r i s t ic s .  O f t e n  t h e  o p p o r t u n it y  i s  t a k e n  to  in c r e a s e  w h e e l  d iam e te rs  

to  p e n n i t  t h e  f it t in g  o f  m o r e  e f n c ie n t  b r a k e s  w h i le  s t i l l  m a in t a in in g  th e  low 

v e h ic le  l in e .  S u c h  c h a n g e s  t a x  t h e  d e s ig n e r 's  a r t  in  p r o d u c in g  m o u ld  shapes 

a n d  n ia n u f a c t u r in g  p r o c e s s e s  to  e n s u r e  t h a t  t h e  in f la t e d  r a w  ty r e  shape  

im m e d ia t e ly  p n o r  to  m o u ld  c lo s u r e  in  t h e  v u l c a n is in g  p r e s s ,  i s  r e a s o n a b ly  in 
k e e p in g  w ith  t h e  t y r e  m o u ld  p ro f i le .  F a i lu r e  to  a c h i e v e  t h is  c o n d it io n  can

v  d im e n s io n a l  a c c u r a c y  in the
v u lc a n is e d  p r o d u c t  a n d  a ls o  p r o m o t e s  m o u ld in g  d e f e c t s .

n iv  f ! !  ® p r o g r e s s iv e  s w in g  f r o m  d iagona l

r a n a i r T h l ” to  r a d ia l  p ly  in  t h e  p a s s e n g e r  c a r  a n d lr u c k  

s p e c l l i s e r i  h  L  e x t e n d  to  e a r t h - m o v e r  a n d  other
c o m n le t e  c h a n n o ^  ^ T y p e s .  T h is  r e v o lu t io n a r y  c o n c e p t  d e m a n d e d  a 

N o T o t S  d id  a n d  f a c t o r y  c o n t r o l  p ra c t ic e s ,

t h e  c o n v e n t io n a l  d ia g o n a l  p ly  ty re  T l^ ^ a ltp m  1
c o u n t e r  t o  t h e  r a d ia l  ty re , h a s  t h e  v ir tu e  m a  t h i ' ?  c on s tru c t io n ^

u s in g  t h e  s t a n d a r d  t y p e  o f  t y r e  b u ild in g  a n d  vu^ rl?® -®  a s s e m b le d

c o n s id e r a t io n s  u n d o u b t e d ly  p r o m o t e d  m is  d e v e t o m . 1 " ?  

p a r t  o f  th e  w a y  t o w a r d s  t h e  a d v a n t a g e  in  tread W e w h ^ h  m " 
th e  c o n v e n t io n a l  c r o s s  p ly  t y r e  F u r t h e r m o r f t h P  I
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im o r o v e d  s t r e n g t h ,  a n d  a  lo w e r  c o r d  d e n ie r ,  th e r e b y  y ie ld in g  
ex ten s ib ilit ie s . ^  d e v e lo p m e n t  w a s  q u ic k ly  o u tm o d e d  b y  th e  g e n e ra l
c o r d  of h ig h e r  f o r  s p e c ia l i s e d  a p p lic a t io n s ,

adoption o r  r a y  . r e q u ir e d  t h e  u s e  o f  a d h e s iv e s  to  a c h ie v e  a d e q u a te  
80th these la n e  RecenH  p o ly e s t e r ,  g la s s  f ib re , a n d  s te e l

bonding to  r u B o e  m a t e r ia ls  a v a i la b le  to  t h e  d e s ig n e r ;  in  th e

“ a r b o n  f ib r e  m a y  f in d  a p p l i c a t io n s  in  t h is  f ie ld .

T h .  o h v s i c a l  p r o p e r t ie s  o f  m a t e n a ls  u s e d  in  t y r e  s t r u c t u r e s  in f lu e n c e  
L d  d e a r e e  t h e  in it ia l  r u b b e r in g  t e c h n iq u e s ,  h a n d l in g  a n d  s t o r a p  o f ,0 a marked d e g  , a n d  t y r e  b u i ld in g  a n d  v u lc a n is in g  p r o c e d u r e s .  F e a tu r e s  

t c C r f o t  im p o r t a n c e  i n l d e  m o is t u r e  re g a in ,  e x te n s ib ility , t h e m ia l  s tab ility , 

I x ib i l i t y ,  a n d  a c c e p t a b i l i t y  o f  a d h e s iv e s .

T h P  s c o r c h  r a t e  p la s t ic i t y ,  m o d u lu s ,  s h r in k a g e  f a c t o r ,  e a s e  o f  

n  t a c k  a n d ' s h e l f  l i f e  o f  r u b b e r  c o m p o u n d s  l i k e w is e  a f f e c t

d S e n c e s ^ n  t h e ir  p r o p e r t ie s  in  r e la t io n  to  t h e ir  u s e  in  t y r e s  a r e  s h o w n  in  

T ab le  14 .1 .

T ,H l„  1 .  F e a tu re s  o f  g e n e ra , p u rp o s e  e la s .o n .e rs  fo r  u se  ,n  ty re s______

------- iiS  5̂
P rope rty  NR

Wear resistance 2 2 3

Road holding 2 2 3

Low heat bu ild -up  3

Tear resistance 4

Gas and vapour 1
impermeability 

Ageing res is tance  1

Ozone res is tance  1

2 3

4 2

1 1

2 1

4 1

T h e  t y r e  d e s i g n e r  i s  f a c e d  w ith  a n  ' a f d ? s 7 h

lo r e fa X r o "
'^ d e t e r m in in g  t h e  t y r e  s i z e  a n d  ty p e ,  t h e  v e h i c le  a n d  t y r e  d e s ig n e r s  

g iv e  p r im e  c o n s id e r a t io n  t o  t h e  f o l lo w in g  a s p e c t s .



i. V e h i c le  w e ig h t  d is t r ib u t io n ,  w h ic h  w il l  d e t e r m in e  t h e  lo a d -c a rry in
c a p a c i t y  o f  t h e  t y r e  a n d  t h e  o p e r a t in g  in f la t io n  p r e s s u r e .  ^

ii.  A x le  h e ig h t  a n d  c le a r a n c e  f o r  t h e  c h a s s i s ,  s u s p e n s io n ,  a n d  brakinq 
s y s t e m ;  t h e s e  d e c id e  t h e  o v e r a l l  d ia m e t e r ,  s e c t i o n  w id th ,  a n d  bead 
d ia m e t e r  o f  t h e  ty re .

iii. T h e  v e h i c le  s u s p e n s io n  s y s t e m ,  w h ic h  w il l  i n f lu e n c e  t h e  b a s ic  tyre 

c o n s t r u c t io n ,  in c lu d in g  t h e  s e le c t io n  o f  e i t h e r  r a d ia l  o r  d ia g o n a l ply 
c o n s t r u c t io n .

iv. T h e  s p e e d  c a p a b i l i t y  a n d  o p e r a t in g  c o n d i t i o n s ,  b o th  o f  w h ic h  will 

h a v e  to  b e  c o n s id e r e d  in  r e la t io n  t o  c o n s t r u c t io n ,  c o m p o u n d s ,  and 
t r e a d  p a t te rn  d e s ig n .

H a v in g  e s t a b l i s h e d  t h e  b a s i c  t y r e  d im e n s io n s ,  w h ic h  m u s t  c o n fo rm  to 
a g r e e d  in d u s t r y  s t a n d a r d s ,  t h e  t y r e  d e s ig n e r  i s  in  a  p o s i t i o n  to  d e c id e  o n  the 

t y r e  m o u ld  d im e n s io n s ,  t r e a d  p a t t e r n  d e t a i l s ,  r u b b e r  m ix e s ,  te x tile  

r e in fo r c e m e n t ,  a n d  t h e  f o rm  o f  th e  s t r u c t u r e  F r o m  t h e  v e h i c l e  w e ig h t  and 

s p e e d  r e q u ir e m e n t s ,  m a t h e m a t ic a l  c a lc u la t io n  o f  t h e  c a s i n g  a n d  b e a d  wire 
s t r e n g th s  c a n  b e  m a d e ;  t h e  m a t e r ia ls  c a n  th e n  b e  s e le c t e d  a n d  t h e ir  m a k e ­
u p  s e t t le d .

W h e n  f o rm u la t in g  a  ty re  d e s ig n  it is  e s s e n t ia l ,  f r o m  a  m a n u fa c tu r in g  

s ta n d -p o in t ,  to  p a y  d u e  r e g a rd  to  t h e  c o s t  a n d  a v a i la b i l i t y  o f  m a t e r ia ls ,  factory 

p la n t , a n d  p r o d u c t io n  m e th o d s ,  s o  th a t  a  v ia b le  p r o d u c t  is  p r o d u c e d  a t an 
e c o n o m ic  p r ic e  a n d  m e e t s  t h e  n e e d  o f  t n e  c o n s u m e r .

T y r e  S i z in g

T h e  g e n e r a l ly  a c c e p t e d  s y s t e m  f o r  in d ic a t in g  t y r e  d im e n s io n s  is  to 

q u o t e  th e  a p p io x im a t e  c r o s s - s e c t io n a l  w id th  o f  t h e  ty re ,  f o l l o w e d  by  the 
n o m in a l  d ia m e t e r  o f  t h e  b e a d  s e a t  o f  t h e  w h e e l  to  w h ic h  t h e  t y r e  m u s t  be 
f it te d  T h e s e  d im e n s io n s  a r e  e i t h e r  e x p r e s s e d  in  in c h e s  o r  m i l l im e t r e s  but 

d u a l  im p e n a l  a n d  m e t r ic  u n it  m a r k in g s  a r e  s o m e t im e s  e m p lo y e d .

f h e  lo a d - c a r r y in g  c a p a c i t y  o f  a  ty re  is  d e p e n d e n t  o n  i t s  in t e r n a l  v o lu m e  

a n d  Its in f la t io n  p r e s s u r e .  It t h e r e f o r e  f o l lo w s  th a t , f o r  a  f ix e d  s e c t io n  h e igh t- 
w id th  ra t io , t h e  lo a d - c a r r y in g  c a p a b i l i t y  w il l  i n c r e a s e  w it h  in c r e a s in g  w h ee l 

d ia m e t e r s .  T h is  a r r a n g e m e n t  h a s  b e e n  a p p l ie d  in  t h e  p a s t  f o r  s ta n d a rd  
p a s s e n g e r  c a r  a n d  t r u c k  t y r e  r a n g e s ,  b u t  re c e n t ly ,  in  th e  c a r  g r o u p  t h e r e  has 

b e e n  a  t r e n d  t o w a r d s  d e s ig n in g  t y r e s  o f  c o m m o n  lo a d - c a r r y in g  c a p a c i t y  for 

a l l  w h e e l  d ia r^ e te r s .  T h is  m e a n s  th a t  th e  c r o s s - s e c t io n a l  a r e a  r e d u c e s  a s  

t h e  n o m in a l  b e a d  d ia m e t e r  in c r e a s e s ,  i.e .,  th e  in t e r n a l  v o lu m e  r e m a in s  
c o n s t a n t  r e g a r d le s s  o f  th e  n o rm a l b e a d  d ia m e t e r  In th is  la t t e r  c ir c u m s ta n c e ,  

h e  c o n v e n t io n  is  to  id e n t i f y  a  t y r e  b y  a  le t t e r  o f  t h e  a lp h a b e t  in d ic a t in g  the 

lo a d - c a r r y in g  c a p a c i t y ,  f o l lo w e d  b y  t h e  p e r c e n t a g e  h e ig h t - w id th  r a r io  and  
f in a lly  t h e  w h e e l  d ia m e te r .



h  th P  b a s i c  p r in c ip le s  o f  t y r e  m a n u f a c t u r e  a r e  s im i la r  fo r  a ll ty re  
;s,lthougn tn  t h a t  t h e  m e th o d  a n d  p la n t  u s e d  to  p r o d u c e  a

! !  c v c le  t y r e  m a d e  u p  o f  a p p r o x im a t e ly  1 0  c o m p o n e n t s ,  w il l d if fe r  
L  m a t  n e c e s s a r y  to  h a n d le  a n  e x t r a  la r g e  e a r t h m o v e r  ty re

,ad ica lly  ‘  ^ 175 in d iv id u a l  u n it s .  A t y p ic a l  t y r e  o f  t h is  ty p e  w ill c o n ta in
em body ing  t e x t i le  in  t h e  c a r c a s s  p l ie s  a n d  a  c o m p o s it e  t r e a d

« n n  k a  q iv in g  in  o v e r a l l  t y r e  w e ig h t  o f  1 .2 5  M g .  A l th o u g h  s e m i-  
^e igh ing  6 ° °  ^  is  e m p lo y e d ,  m u c h  o f  t h e  a s s e m b ly  i s  a  s k i l le d
automatic t h a n  2 4  h o u r s  to  c o m p le t e  a n d  fo llo w e d  b y
manual o p e ra t r o n ^  q  ^ s p e c ia l i s e d  r a n g e s  in c lu d e  t y r e s  fo r
a vu lc sn is in y
aircraftand r a c in g  o a r s .

Tyre construction

Standard D ia g o n a /  P ; y  ryr^^^^ c o m p r is e s  la y e r s

Itwill b e  s e e n  ( F ig u r e  1 . * d ia g o n a lly  f r o m  b e a d ,  w ith

of c o rd s , n o r m a l ly  t w o  ^  t>ias E a c h  la y e r  o r  r u b b e r e d  c o r d  is
a d ja c e n t l a y e r s  a s s e m b l e d  o f  th e  p l ie s  a r e  in te r lo c k e d
J o w n  a s  a  p ly . It w il l  b ^ n o t e d  t h a t  t h e  o u t e r  ̂ ^ ges^ oU ^ ^ P

a ro u n d  t h e  s t e e l  w i r e  b e a d  ^iil take place in a  c o n t ro l le d  manner
ang les, d u r in g  t h e  in  t h e f n is h e d  p ro d u c t,

and  a c h ie v e  a n  a c c e p t a b le  le v e l  o f  u n ifo rm ity .

Tread

j i i i
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Belted Bias Tyre C onstruction

Again the casing plies are cut at an angle approximately to that us 
for standard diagonal ply tyres and are assembled together in a similar m ann 
tp producea balanced and uniformly tensioned structure (Figure 14 2 )

The fundamental difference in the construction is that the plies a 
surmounted by two or more layers of rubbered cord material, cut at a loŵ  ̂
angle than the carcass plies. These are in the form of circumferential strim 
extending across the full width of the crown area of the tyre, and fitted with an 
opposed bias relationship to the casing plies, and to each other. These form 
a restraining belt which raises the modulus of the tread area, thereby controlling 
the inflated tread profile and also reducing tread pattern movement.
Radial Ply Tyre Construction

As the terminology implies, the essential difference between the radial 
ply tyre and the two alternative constructions just described lies in the 
disposition of the casing ply cords (Figure 14,3). In the radial ply tyre the 
cords lie at approximately 90” to the circumference. This results in an 
extremely flexible sidewall which acts independently of the tread bracing 
belt, thus fruther reducing the distortion which takes place in the belt and the 
tread block as the tyre passes through the road contact zone. Advantages 
include increased tread life, improved comfort at high speed and improved 
security on cornering.

•  Tread
Edge strips Tread braciag 

layers

Inner liner

Filler



instruction, in general use, compnses four low-angle plies of 
IHe bell CO have adopted steel or glass fibre cors for

,5Ktilecord:s'’^ . ^ e  depends upon performance requirements, practical 
t l i e f a c i l i t i e s ,  and economic considerations.

Tread pattern

jTrcad bracing layers

Radial plies

Wall rubber

Chater stnp

Bead filler

wrapping

Bead coil

Fig. 14.3: Radial ply tyre (two-ply construction), tubeless

Tyre Components ,
B . „ „  « d . » d  . p . « » t

ancillary operations, prior to tyre vulcanisatio , function and
basic components forming a tyre structure and to indicate
method of preparation.

The bead coils are a combination practically
tensile steel wires They have the function of ^ all conditions
inextensible units, which retain the inflated tyre on

The appropriate number of wires, ĝ of extruded
separated, are coated with rubber ends are taped or
The layer of wires is coiled to form a ^'"9, an<J *h g^g^re good
stapled. The jvire treatment and use For some purposes,
bonding and a regular bead shape in the finisnea pi w   ̂contain
the bead coil is covered with a light cross-woven ru 
the wires and preclude any possibility of looseness in



Bead Apex

The bead apex is a fibrous or rubber compound strip located on the 
face of the bead; its primary function is to pack out the area of the struct 
immediately above the bead coil and so provide a steady gradation of thicknS 
betw/een the latter and the sidewall zone, the thickness of which is only th , 
of the casing plies and sidewall rubber. ®

This component has been eliminated from many of the conventional 
passenger car tyres with small bead coils, there being sufficient compound 
and compound flow during moulding to fill the void adequately It has to be 
retained, however, in the radial ply tyres, in which high sidewall deflections 
occur, and in large tyres of multi-bead construction. The stress-carrrying 
zone in the low wall region has to be spread to avoid rim chafing or structural 
break-up.

The component, which is generally triangular in shape with a finely 
tapered upper edge, is formed either on a profile calender or, preferably, by 
extruding from a muti-head die. Application and consolidation of the baseol 
the apex to the outer circumference of the bead is a semi-automatic machine 
operation. The bead is gripped and revolved while the apex is fed fonward 
manually to be located centrally and consolidated by means of angled pressure 
rollers.
Bead F illers (Flippers)

I n those instances where further reinforcement of the tyre bead area is 
required, the already wrapped and apexed bead may be enclosed by a strip 
of rubberised textile or, in some applications, by steel cords. Emphasis is on 
the avoidance of localised circumferential stress lines which could promole 
looseness or cord break-up under constant flex conditions. High-grade flexible 
heat-resistant compounds are essential for this region of the tyre.
Carcass Plies

It is the carcass plies that give the tyre its strength. These consist o( 
cords of cotton, rayon, nylon, or polyester, woven as the warp of a fabric with 
only very light yams, widely spaced, as the weft. These weft strands sen/e to 
r^aintain the uniformity of cord spacing during handling but play no part in 
the performance of the product The fabric is treated with adhesive, rubberised 
to a thickness of approximately 1.0 mm, and interleaved with a low moisture 
regain textile lining. Steel is produced in weftless from a creel feeding directly 
through a rubber calender. The large rolls of rubbered textile, approximately
1.5 m wide and 300 m long are cut into strips, termed plies on a horizontal 
Banner machine. This ply-cutting plant has facilities for mechanically 
unwinding large rolls of fabric and simultaneously rewinding the interleaving 
lining. The fabric sheet is fed forward, through a festoon unit to allow for 
continuous operation, and then guided along a horizontal multi-belt conveyor



* m rotary cutting knife. This knife is complete with its own drive 
entire unit traverses across the support beam when cutting 

^ ( 5,, and ne width and bias angle: the latter is variable
W and 90°. and the operation is controlled by photoelectric cells.

are placed manually on adjacent batching tables, where they 
H pnd to end into a continuous length and batched into roll form, 

with a textile lining to prevent self-adhesion. Surtable devices are 
“  S  at all stages to prevent distortion of the material. 
r L  Bracmg C om ponen ts (Breakers o r Belts) fo r  Radial o r  Belted

ffms Tyres
Trpad bracing components raise the modulus of in tread area, thereby 

lintaining the inflated tyre tread profile and reducing tread pattem movement 
35 it contacts the road.

The method of strip cutting the rubbered textile is identical with that 
„sed for cutting plies, but, in this case, the travelling beam on the bias cutting 
machine is adjustable for angles of 15°-25°.

The method of converting the single-layor low-angle cut stnps into the 
form of the final belt varies. The mostwidely used 
tyres, employs four layers, made from folded 
opposite bias angle. In practice, the two strips are slightly °  
graduated step-down in thickness at the belt edges, ‘ h e r e b y  r e d u c n g  stress 
concentration and minimising the development of lossene 
Insulating C om ponents (Undertread, Breaker Cushion Insulations)

These insulating components are calendered stnps of ™bter “ m ^ "  
usually of 1 mm gauge or less. They are located |n ®
structure where additional insulation is required betwee f-natinq the 
prevent chafing. The compounds are similar to those used for coating the
carcass plies 
Treadireao

The tread is the wearing surface of the tyre. It is Substantially
as an extruded slab of rubber compound. In cross-sec i g j„es. The
rectangular across the centre protlon, tapering down *° p,atjon in
Ihicl^ness must be calculated to accommodate the Pf ” ® ^g n e a th  the
the tyre mould and to allow an adequate residual _{end to a
pattern grooves. The tread width is such that the ‘^Pere sWewall region.
position s lig h tly  a b o v e  t h e  maximum flex zone in the upp h t hert

The extruding operation is continuous, and the ^ t o  length
as a continuous length into a band dispenser, (hs and stored on
at the tyre building machine, or pre-cut into individual le g .. | j,,
"at metal trays in L it i- le a f stillages. The former method is preferred, lengtn



vanabon of pre-cut treads often occurs as in-built stresses in the oompounj 
are released.
Sidewall

The sidewall is an extruded rubber compound layer which serves to 
protect ttie carcass structure from weathering and chafing damage Togethef 
with the tread, which it overtpas in the buttress region, it forms the outermost 
layer of the tyre.

As with the tread, the extruding operation is continuous, and sidewalls 
are normally batched into spools Interleaved with a textile or polyethylene 
lining material.

For conventional diagonal ply and belted bias tyres, built on relatively 
flat drums, frequently a common formulation permits extrusion of tread and 
sidewalls as one piece Two separate compounds are used either to achieve 
perfomiance or for reasons of economy Modem dual extruders, feeding through 
a common Y-box head, produce a combined tread-sidewall unit; by joining 
the two stocks under high pressure and at high temperature, interface failures 
are eliminated.
Chafer

The chafer is a narrow circumferential strip of material which encloses 
the completed bead area. Its supper edge is located slightly above the rim 
flange height and extends downwards and around the bead base. This 
arrangement provides some protection from rim chafing and, In the case ol 
tubeless tyres, serves to prevent air leakage either into the tyre or through 
the tyre in the bead area. To meet these conditions, the material used is 
either a rubber-coated wick-proof cross-woven textile cut at 45° bias ora 
strip of calendered compound. In the latter case, the strip, of approximately 
1 mm gauge, is generally fully cured, buffed, and solutioned, prior to assemWj 
into the raw tyre. In this way, stock flow during vulcanisation is avoided and 
the retention of an adequate rubber covering over the casing ply edges is 
assured.

Processing of cured rubber strips is a continuous operation of multi- 
strip calendering and vulcanising by drum cure. After surface buffing a«i 
solutioning, individually on an ancillary unit, the strips are spooled in continuous 
lengths suitably interieaved with polyethylene.
Inner L in ing

For tubed tyres, the inner lining is a thin layer of compound usually 
calendered direct onto the underside of the first ply after the latter has been 
joined and batched in continuous lengths. The component serves to insula® 
fully the tyre cords from the inner tube and thereby prevent tube chaflnS 
damage. It also protects the cords from possible degradation due W 
atmosphenc moisture absorption.



K te«  tvres the inner lining is the air-retaining member and rs 
Hprpd as a two-layer laminate having stepped edges The overall 

usually as 2 5 mm, and the width must ensure that the edges
by the inner edges of the chafer This provides a kw permeability

fayeTbeadtobead,

* c h  strip may be considered as an extension to the lower edge 
,.h Jsidewall introduced as a further anti-abrasion measure on radial ply 

° M  are more subject to rim chafing than the cross ply tyre. It is a 
Intruded Srip about 25 mm wide and tapered a both edges, which is 

"2 ly hot-assembled to the sidewalls by operating extruders in tram.
Truck tyres and allied ranges are far more complex, involving many 

,HHitira^^mponents, inserts, and compounds. Also, itwill be °bvious that

l * a “  ‘’ V S n  Ihe s" r*o?u sL e r  dimensional size and weight of components 
Steel ply radial giant, earth-mover, and aircraft tyres are particular examp

Tyre Building  

The B u ild ing  D rum
Throughout the conventional diagonal ply and

including passenger car, truck, and earthmover tyres Jhe tyre
in general use is a plain segmental open-ended metal drum g^ts
on a driven shaft. The internal mechanism is f
can be collapsed radially to permit the removal of th P  ̂ g 
The ends of the drum are flanged to suit the bead configuration 
be built, in all oases, the drum overall
bead diameter. This difference, known as the dru parthmover tyres.
25 mm for single bead tyres to 300 mm for large ruc^^ g roppate undercut 
Furthemore, in the latter cases, the flange profile product. The raw
to achieve a balanced ply-to-ply tensioning m th from the
tyre can be completed on the building , operation, the
cylindrical to a toroidal shape dunng the mould closing up
circumferential stretch being of the order of 60/0. Hi-.i niu tvres

The fact that the tread ",\gd gt'̂ a diameter within 5%
from a relatively inextensible unit and must be
of its final diarrieter in the moulded tyre. p,y "tyres
built casing has to be inflated into ^ machinery incorporating
necessitated, therefore, new complex and cost y
inflatable textile-reinforced diaphragms, overly 9 ^,3 ^p (q (^e diameter
to shape the carcass plies and other g'^his, the shoulders of the
for belt fitting. It will be understood that, to ach correct tension is
drum move inwardly in a controlled manner so that the correct
maintained in the carcass plies.



Because it can still be accommodated on standard tyre buildin 
machinery, the batted bias tyre has come into being. ^
Diagonal P ly Tyres

A modern building plant, for passenger car tyres, is highly mechanised 
and constructed for maximum accuracy and productivity. For diagonal piy 
tyres, including the belted bias version, the standard form of building machine 
is designed specifically for operation w/ith lovi -̂crown building drums; the uncured 
ravK tyre is completed in a one-stage operation.
Belted Bias Tyre

The procedure outlined for the building of a conventional diagonal ply 
tyre is applicable to a belted bias construction but with the addition of the 
breaker belt layers. These strips are assembled centrally to the top prior to 
fitting the tread unit.
Radial P ly  Tyres

No standardised type of building machine has yet emerged for radial 
ply tyres, but \mo general methods of tyre building are currently employed 
First Method

Plies, beads, and chaffers are assembled in the manner already 
described on the same machine as used for diagonal ply and belted bias 
tyres. The partly built carcass is then transferred to another machine, which 
comprises a driven shaft carrying a shaping drum. The first operation on this 
machine is to inflate the flexible drum sleeve and shape the casing (Figure 
14.4). During the operation the dmm flanges and bell-shaped housings traverse 
inwardly in a controlled sequence, partly to enclose and also to contain the 
tyre casing.

A pre-folded breaker length is applied manually to the exposed top 
carcass ply, the recessed inner edges of the bell surfacesserving as guides. 
A marginal overlap joint is made, and a second breaker lengths is applied 
with the fold on the side opposite to that of the first length. The assembled 
belt IS then consolidated by roller pressure. A pre-cut tread length is run on 
by drum rotation, joined, and hand consolidated.

At this stage the shaping bells are withdrawn to allow pivoting disc 
rollers to traverse and consolidate the tread. Sidewall rubbers extending 
from the tyre hands to overlap the centre tread tapered edges are fitted, cut 
to length, joined, and consolidated, first manually and then’ by rollers. In 
some variants of the machine, inflatable rolling bags automatically apply 
sidewalls to the otherwise completed tyre. Vacuum is applied to collapse the 
flexible durm centre and permit removal of the finished tyre.

In the above method, the initial partly built casing is in a very unstable 
condition and precautions have to be taken tn



^nufacwring
Bell-shapcd

housinB

Fig 14.4: Shaping of tyre casing - .he casing is shaped and the belts are 
positioned for belt assembly

Second Method .
One of the most modern building machines carries

S T s f " "
L t  no operator intervention to correct for misalignment ,s

The centra, inf,a,ah,e drum js i^ g  —
flat bui,ding operation and serves 'o s^^pe ^
diaphragms, on either side, turn tjp the p,y .  f to the casing. Be„-
and a,so apply the pre-assemb,ed ^'^ewaHs and chafer^to the
shaped housings control the shape of th diaphragms for
bead setting r^gs, ply turn-down fingers, and m-built diapnr g
consolidation of the outer ply edges.

transferred to the building ring The operator's function
metal ring and extema,ly by an inflatable j.^. ,he transfer nng,
is confined to fitting beads,
initiating the automatic sequences and maintaining this equipment,
a high degree of skill is required forsetting up anu
Preparation of Raw Tyres for Vulcanisation hv line

Tyres from the ^ ^ f^ ^ ^ ^ a ^ e ro fd T e  the vulcanising
conveyors, either to a holding stocK area
department



Intermediate operations include viewing and the application of a lubrica 
to ttie inside surface of Itie casing. The latter is necessary to facilitate th 
introduction of the Bago Matic press diaphragm or the Autoform bladder a'l 
the outset of the vulcanising process.

In some circumstances, an external coating of a thin rubber solution 
extended with a heavy loading of black and viJith talc is also employed. This 
prevents adherence of the tread and sidewall to the hot mould face and provides 
a coarse medium through which air, trapped between the casing and the 
mould, can wick to channels and vents incorporated in the mould profile

A variety of single or dual purpose semi-automatic machines are used 
for these operations. With the tyre rotating the paints are applied by means 
of strategically positioned spray guns.
Moulding and Vuicanisation 
Tyre M oulds

For most applications, tyre moulds are basically of two-piece 
construction, in steel or aluminium, with the split being circumferential sand 
either central or slightyl off centre, dependent upon tread pattern complications 
The use of male and female registers and dowels ensure both circumferential 
and radial location during mould closure. Each mould half is recessed just 
above the bead diameter to accommodate rings, termed 'slip rings', which 
incorporate the tyre bead profile.

The tread pattern in each mould half may be either cut from the solid, 
produced in the form of a ring which is then bolted to the mould shell, or built 
up from a series of aluminium die cast segments. The latter method is 
advantageous for complex pattern designs, incoprorating slpes, tunnels, buffer, 
bars, and variable-pitch arrangements, because segments from a few master 
dies, in the requisite number of pitches, can be utilised for a range of tyre 
diameters and section by making small machining adjustments Larger truck 
Wres, and tractor and earthomver tread patterns are either sand cast (simple 
bar designs) or produced as tread rings.

vulcanisation process, heat is applied externally to the tyre 
within He mould either (i) by locating the mould in a suitable form of pressure

f  “ ' I  ''' the mouldbetween two steam-heated chests or platens.
C uring  Bags, Bladders, and Diaphragms

To avoid porosity, to consolidate the components, and to force the 
uncured tyre into contact with the mould profile, internal pressure must be 
applied. Advantage is taken of this requirement to introduce a secondary 
source of heating. The media are normally contained withing a pre-cured 
form of tube, termed a curing bag, made from a resin-cured butyl rubber this

T
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as an ancillary operation prior 

.opponent IS ^ould. In the modem vulcanising plant,
t,loading been largely replaced by a curing diaphragm or bladder
l[ie curing ba9 jp situ in the vulcanising unit. For internal inflation,
^tnremains p 12.6 kgf/cm= (193"C) to
eilher h'S'̂ 'P o i r  m  or circulating hot water is used; use of the latter enables 
19,7 Kgftef" ( f  ”  'ature to be varied independently High internal pressures 

are generally employed for steel casing tyres, and for aircraft, 
hmover and large truck tyres, having thick cross-sect,ons.
Thus heat is applied externally to the tyre mould to cure the outer 

the tyre (tread, sidewalls, etc.), whilst the secondary source of 
cures the inner layers of the structure. The internal heating is

S ^ c tm a n ^ h e 'e r ^ ^
w g h  the thickness of the containing curing bag or diaphragm,

C ureTem p era tu res  and Times ^  u  u  ,

The thickness of the tyre to be vulcanised determines the highest 
temperature that can be used

At one end of the range, cycle tyres, ha''i"9

require 8 hours with a mould temperature of 120 0.
The cure re q u ire m e n ts  are der^ed from laborato^ teste

but it is not always practicable to set the ideal
From a technical aspect a long cure at a 'o'" ^  employed to reduce
for productivity reasons maximum temperatu .^hberis involved, cure
curing cycles to minimum. Where ^  , d e performance and
setting requires to be precise for consistent high fa g
bond strength 
Vulcanisation Plant

Autoclaves and PansAutoclaves and Pans
Onginally the general having a

ply tyres, was in the form of a deep ^ ,amjng a vertical stack
hydraulically operated centre ram and capab ^^^^j.ggction depth.
of up to 20 in d iv id u a l moulds, dependent upon th , and

T „  0 .™ ,
prevent adhesion, is inserted in the ' ' f *  , the vulcanised product
transformed to an approximation of the toroidal sh P al^g |s
Bagged-up tyres are placed manually in " a t e m b l y  ^  fed
located, and the top mould half is POSit® ■ autoclave, into which it is 
along the track, via the nr.ould closing press to the



hoist loaded. The steam inlet supply is connected to each curing bag Afta 
the lid of the fully loaded autoclave has been locked, hydraulic pressure j, 
applied to the central ram, closing the moulds tightly against the lid. Externa 
stream services are admitted through the side of the autoclave, with tiis 
steam circulating around the moulds during the curing sequence. Some cooiim 
of moulds, prior to unloading, is effected by a short cold-water flood introduce 
after exhausting the steam. After disconnection of inflation fittings, moulds 
are transferred, by hoist, to the roller track and opened; the vulcanised ty,e 
v îth bag in situ is ejected. Condensate is syphoned from the bag, which is 
extracted from the tyre and put back into circulation.

Autoclave moulding is a flexible but inefficient system in curing time, 
because moulds require a lengthy warming up period at the commencemeni 
of each cure, and is now considered obsolescent. For very large tyres, the 
principle is retained and a relatively shallow 'pan' or 'kettle' accommodating 
two or three moulds is used, the hydraulic ram often being replaced by an 
inflatable rubber diaphragm located beneath the base plate on which the 
moulds rest. To obtain the higher internal pressures, hot water rather than 
steam is used, and cold water is circulated prior to pressure release at the 
end of the cure to provide some degree of cooling.
Presses

Various forms of press, generally accommodating a pair of moulds, 
have replaced the autoclave or kettle. The mould halves are bolted to the lid 
and base of the press and remain in situ. At the end of the curing cycle, the 
press opens automatically.

For supplying external heat, in the case of small tyres, e g . cyds 
tyres, a stem chest may be an integral part of the tyre mould. For passengei 
car tyres, use is made of steam chests or 'cavities' which remain permanentli 
in the press and into which the mould halves are fixed in intimate contact li 
other circumstances, mould halves may be fixed directly to flat upper ani 
lower platens. For press operation with relatively deep section truck iyn 
moulds, steam circulates directly around the moulds, using the sealed pres 
dome as a pressure vessel. As with autoclave curing, these early pres 
processes used inflatable solid-base curing bags previously inserted intotli 
uncured tyre.

The other fomis of press are the Bago Matric Press (MBP) and A utofor 

Press (AP). In the BMP the diaphragm is of an open-ended barrel shape wi' 
a bead formation at either extremity for attachment to ring assemblies earns 
at the head of a central sheaved piston rod, projecting from the press base 
the AP, the bladder is again barrel-shaped but the upper end is closed. It li' 
merit because it eliminates hydraulic and vacuum services and the Uaii 
can be replaced quickly.
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instrumentat sequence of service requirements during

T*’® n l lie d X rc ^ c e t iJ r , having a senes of manual^ adjustable(Mistime,arecontrotedbyacy^^^, ^ pneumatic

cams. or dose the appropriate diaphragm-actuated valve,
servomech  ̂sm ,^g inflation media.
and so permit 0 „ „ tu re s  are individually controlled and recorded for

^ ^ ^ / ; : : : £ r e a n ? o T :  complex instrument using solid state electrical

""wherehigh-pressurec^^

outlet,

mtoying textile materlalsjhich arejherma^y unstable^

t ^ ' t y t ^ i : ; s : o r n g T t : i v ^  
still inflated, TWO alternative methodsareasf— ^^^^^^^^^^^^^^^^^

'■ ^\S:^"dc;"c"ldwafe?rdl'pressure,Thl^
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ii Immediately after extraction from e pressure of
a nm and allowed to coo under 
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BELTING Hicfnr t h e  conveyance of materials.
The main type of belting purposes in the form of flat

Belting is also produced for power transmission p 
transmission belting and V-belting
Converyor Belting „infnrcement either textile or steel

Conveyor belts are constructed of a ,̂ 0^  Impact or the
cord, which Is protected from The rubber conveyor belt is
ingress of moisture, by a rubber or  ̂  ̂rubbensed textile
usually manufactured by laminating a ^ i n  a special press or
reinforcement, and consolidating and vulcani
rotary curing machine conveyor belting for

The emphasis, in recent years^has be  ̂̂  n̂ entior
a given application or purpose. As examples of



may be made of heat-resistant belting for carrying hot sinter and cok 
resistant types, and others specially designed to be non-toxic for f 
carrying. Beits are also made with a moulded rough or chevron surfac 
incline conveying. ® ®
Materials

The main synthetic fibres used are continuous filament fibres of rayon 
of polyester, and of nylon (Table 14.2 gives their physical properties in 
comparison with cotton). Rayon and polyester are both high-modulus materials 
being paricularly suitable for use in the warp or longitudinal direction for Iona 
haul high-tensile belting which requires to undergo the minimum amount of 
stretch in service. Rayon is lower in strength than polyester and has the 
great disadvantage of losing strength when wet.

Table 14.2: Physical properties o f textile fibres

Physical properties Polyester Nylon Rayon Cotton
Tenacity (g/den.) 8.0 8.5 5,0 1 5-2.0
Elongation at break (%) 8.5 13.5 11.0 3-10
Initial modulus (g/den.) 110-130 40-50 90 12-70
Moisture regain (%) 0.4 4.2 13.0 8.0
Specific gravity of fibre 1.38 1.14 1.5 1 54

Nylon IS the most widely used synthetic fibre in belting today It has the 
and f h  ^  ^ comparatively low modulus,
aDnlfratlnt°"® f The principal
e ^ e n . t f c n  " " I  high strength and
S n  absorption charactenstics and, thereto
S e r  for hinh ? i° ^^ed as a warp
o w i : g t o te e x tT s S ° " ^

e " s " a : a ^ T m " m t e r r v c h T a c L l f c s  f^: 
g i v e s " a ? o : : r e r a l S n ^

weftmember,.ogive m a x i m u m J a b i l i t y t o t L ^ S S T S  

than s S r c r n ^ o T d ^ s r d r ^ r
strength this factor can lead to load suppcrprottemro r h J f i
the low to medium strength type of belting, a proportion of cotton ol^taple



** hp woven with continuous filament yarn to aid adhesion of
fibre ray°" by normal frictioning methods and to provide the bulk

lamina ^  development of improved bonding techniques for
f ib r e  rs ign ificant growth has taken place in the use of 100% 

sV'"'®"" I t ! ,  e a nylon, in belting. For the lower strength products, the 
'^"'^®'"aintained by introducising additional rubber between the plies.

tensile very long-haul belts are manufactured from fabrics with a 
® fttnd  a pdyesier warp, as mentioned above, a steel cord 

S r c e L n t  which gives the required very small stretch in service, ,s

employed-

''^''"sai^Dle interlacings, such as plain or oxford weaves, are norrnally u s ^  
fabrics for plied belting Special weaves are used to enhance such physical 

fastener holding, stretch characteristics, edge wear, and tear
Sstance Slid woven or compound weaves are also g^a
S a y e r  fabrics are combined together dunng weaving to produce a
monopoly construction.
Rubber Formulations for Carcass and Cover

Choice of rubber mixes will depend on the ‘VP® 
manufactured, i.e., general purpose, heat resistant.

The carcass compound for the general purpose belt«

quality natural rubber with low-modulus fillers and g
vulcanising system.  .

For underground mining, conveyor of fire,
provide flame resistance, which will P''®''®" explosion of mine
and has antistatic properties to minimise the risk of the expio
gases due to static discharge.

Manufacture

Drying of the fabrics is a multiple
dunng the vulcanising operation. The fabnc ^

steam-heated drum drier or hot P'®*® ® , co„on-containing fabrics
tennperatureof115“C. A moisture leve of ^3
is required . It is desirable to carry out t . must be available
possible after di7ing: alternatively temporaiy storage boxes 
at a temperature of 70“G.



fabrics are friction coated, and the heavier fabrics are also topped or 
coated to give additional rubber between plies and between the outer^r 
and covers.

To obtain good adhesion, synthetic fibre fabrics are either pre-spr 
with isocyanate-based solutions or RFL-dipped prior to calendering, a  topM 
skim coating of rubber only is then required; with a four-blow calender^ 
can becanrled out on both sides in one operation. The rubberised fabrics a'* 
stored in cotton liners to prevent sticking.

Recently, techniques have been developed whereby no pre-treatmeni 
of the fabric is required, the bonding being achieved by special bonding agents 
added to the fricition or topping compounds.
Belt Building

Usually full-width fabrics to the optimum width of the calender are used 
for the calendering operation. Fabrics are then cut accurately to the widtli 
required on a cam-cutting machine which has multiple circular cutting knives. 
The actual cutting widths will depend on the construction required; typical 
constructions used are shown in Figure 14.5,

straight laid construction

Folded Jacket construction 

—  -----------~ l

Stepped ply construction 

Fig. 14.6: Conveyor belt constructions

■,h. general l y plied together on long building tables equipped 
wrth ^o-bowl consolidating rolls. Semi-automatic tables, letting off a multiple 
number of plies in one operation with individual liner rewind for each roll and 
tension control, are also used,

3"™able within certain prescribed

o «  ir! th iT e ft . '"  ^



face and back rubber sheeting calendered to the required 
Theseparate carcass on the building table to provide the

thickness „p|etely built belt is then consolidated and passed through
„t,bercover.Thecor^pletey Alternatively, the covers may be
Ik in g  rollers carcass using a three or four-roll calender.
"̂tendered d ir^flyoM om ^^^

; S S m p « »

„> W «  ”  •
continuous dmm-cunng machine.

Because matenals. such as ruD , reduce vulcanising
degrading their structure, many attempts ' methods
cycles by pre-heating through o, m icrowave heating has
have met with little ^  has high dielectric characteristics and
opened up new possibilities ® generating heal uniformly
thus can absorb energy of very high frequen y
within the material structure. Microwave he g ,^g
heating but, with the frequency increased f r o m  1OT mh 
disadvantages and difficulties of the latter ^  po^er supply

The microwave heating systems which is then fed to a
to raise the main voltage to contains within its vacuum
magnetron oscillator. The --9 "e tro  ^ 3,eguide
envelope a tuned circuit and delivers the energy
to the applicator designed that, for the

One form of applicator is a cavity. The laminate
frequency generated, the chamber b required as in
is placed inside the cavity: no direct irrespective of the product
dielectric heating, and the material “ n ĵg3lgn gnd the
shape. Even distribution of energy i jpnoctor system mounted at each 
provision of a specially designed rotary deflector sy

e"‘ ry point, . 0 ^  press, a system of
The pre-heaters is kept gnd magnetrons being used

approximately 20 multiple 1 -112 gl^es |t possible to distribute energy

e i e c t r i : : r c S r s n : i " ^ ^ ^ ^



carefully selected. The reduction in overall cure time depends on the partic h 
type of belt but reductions of up to 50% are achievable.

In addition to reduced cure time, the reduction in strain during vulcanisin 
and the more consistent vulcanising conditions lead to a better-quality produg 
Press Operations

Various types of large flat multi-ram presses are used, frame or column 
construction, both single and double daylight.

The raw belt is unreeled from a braked let-off station to the press, and a 
section is vulcanised. The presses have cool areas at the ends to prevent 
overcure betvi^een successive sections of the belt. Each press is equipped 
vi/ith stretching gear, usually consisting of flat hydraulically operated clamps 
the belts being stretched a given amount prior to closing the press. This 
stretching process is essential to prevent excessive lengthening of the belt 
occurring in service. A moulding frame is made from flat 50-75 mm wide 
metal Irons placed along each side of the belt. Lateral pressure to form the 
belt edges is usually applied by hydraulically operated cams which move the 
metal irons in a fixed amount after the press has been closed on low pressure. 
The thickness of the metal irons is selected to give 10-12% compression on 
the raw belt thickness. A specific pressure of the order of 21 kgf/cm" is used 

The length of cure depends upon the thickness of the belt, and a average 
cure time world be 17 minutes at 145“C. On completion of the cured of a 
section, the next length is indexed into the press, the small semi-cured end 
section being brought to the exit end of the press and its cure completed on 
the next press operation.

Because synthetic fibres, such as nylon, are not affected by the ingress 
of moisture or by microbiological attack and also have good edge wear, belting 
IS now being manufactured from these materials to the full width of the press 
without a moulded rubber edge. The slab of belting produced is slit to the 
required width after vulcanising, two or three belts being obtained from one 
making and one pressing operation.
Continuous Vulcanisation of Belting

The bdt is passed between a rotating steel drum and an endless high- 
k i r  r .  K Tk ‘®"sioning the latter hydraulically;

th H "tem ally heated drum
and also through the steel band by contact with steam-heated shoes Typical 
dimensions of one such machine (the Show-Boston 80 inch Rotocure) are as 
follows, width of steel band, 2 m; width of main drum, 2.3 m approximate 
maximum product width, 1.9 m; drum diameter. 1.5 m; maximurpressure, 
4.8 kgf/cm l The maximum product thickness is 32 mm, but the rriaximum 
product width varies with the application. The curing speeds are variable 
between 65 m/h and 4 m/h, giving a cure times from 3.5 minutes to 53



^ ,ripauately covers the range normally required for rubber 
minutes, , f S g  fed through the vulcaniser is subjected to an initial 
Sng^ "  predetermined stretch

-or Conveyoi* Belting 
passenger ̂  ^ „g n „e r  carrying have been used for some time. However, 

Belts tor p a ® ^  “ ^'^gndling large numbers of people at airports,

used tvoe of belt today is designed to run short {50
The most the area on which the passengers stand is

mm) edge-f P P ° ^ 3°  ^ ^uncomfortable supports and a smooth ride iscompletely free from hard and uncomro

s r » s = ; —
and the combined action of the upper a supported

passengers can center and leave th ^  ,,arietv of passengers travelling.amaximum speed ofSem/minutessuitshe^^^^^^^^^^^

The surface of the belt is nbbed a g . j  gj-omij-like platform at the 
6 mm wide and 6 mm apart, meshing m tolerances in order
entry and exit points. The ribs ^  t ,̂g teeth of the combs without
to ensure that they move smoothly 9 . .̂gp̂ ô jes the danger
wear or damage. The ribbed surface s ' ' 9  the stationary platfom^
of clothing being trapped between the mo g pigte is designed
at the exit point. If any obstruction integrate part of the
to trip out the conveyor drive. Moving handrails are 
passenger conveyor installation.

Transmission Belting
Flat Transmission Belting ,tart, ,rpri from plain weave

Flat transmission belting is still as hard driven types,
1.05 kg/m=and 1.15 kgm/mj' f  °hjacteristics combined with good edge
giving the required high '^ “ ^uluscha acte si ^  manufactured from 
wear and fastener holding efficiency, 
polyester- or rayon-containing fabrics.



The fabrics are friction and skim coated with natural rubber compn 
or, in case of belts operating in contact with excessive oil, with chloron"*' 
or nitrite compounds, formulated to have low heat build-up, high strength 
good adhesion to fabric. The finished belts can range from 3 to 10 plies 
in manufacture, widths of calendered fabric are plied together to form a sS* 
The slab is then vulcanised in a press or drum-curing machine a hiah 
percentage stretch being applied during vulcanising to ensure that the minimum 
amount of stretch occurs in service.

The slabs are usually from 200-400 metres long and 2 metres wide and 
are slit on a multi-slitting machine to the widths and lengths required for 

stocking. This type of flat transmission belting, known as ‘cut edge' is the 

main type manufactured today. Folded-edge type belts which are made in 
the narrow finished widths, with the outer plies folded round a centre core to 

form a Jacket, show better edge wear but their production is slow.

Transmission belting is also manufactured from single ply or compound 
weave fabrics, usually made from specially latex-impregnated and coated 
yarns.
V-Belts

Endless V-belts are manufactured in various types, including fan bells 
for automobile use, fractional horse power drives for domestic and light 
industrial applications, and larger industrial belts.

The standard industrial belts are manufactured in five section sizes 
usually from rayon cord material. More recently, premium industrial belts, 
known as 3 V, 5 V, and 8 V belts, or wedge-type belts, are used. In these, the 
ratio of depth to the top width is greater than in the standard sections, which
th^ u l ' c o n s t r u c t i o n s  are made possible by 
the use of high-tenacity matenals such as polyester cord.

section ® ‘°P ^ " ‘^ber, a cord
a S m w l  h i  ® ^''Shion rubber, the whole
m a n u f a I ^ P d l^ ^ 'T ° ^ ' '1  The shorter belts are
lavers o?n ® f  The required number of
Ditch The indiuirliiL^ wound on at touch
transferred tn a ^  ^^e then parted off by means of circular knives and 
transferred to a skiving machine, which roughly forms the V shanp Finallv

Q tly vulcanised in multi-ring moulds in open steam.

twin-dmm °buiid1nf ‘hey are built ontwin drum building machines using weftless cord fabric instead of an
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0 0 l“ ^  Ig glgo manufactured, with the advantage that
A iinl̂  renuired can readily be made up. The links are stamped 

aryendjess'®J’?‘ansmlssion-type material and joined together with metal

e Belts
p^ifve  D"''® ® precision drive and timing equipment applications,

’’ "^ f^w T h  a toolhed inner surface which meshes with mating axial 
3̂  m o u ld e d  with engagement. The tjelts are
grooves ,n the PU^V to^give p^ gteel or glass fibre cord is,
requ ired  to have n/ j .  , helically wound at a set pitch onto a

r = Stable encases the load-canying members,
are moulded integrally with the belt, and a tough nylon fabric is 

« » H „T m e  wearing surface to protect the teeth. The nature of the 
S  W o u ^  teeth^can be varied according to the application, to

tie resistant to oil, heat, or fire.

compounded to meet the .  jf,js  may be in any form (solid.
orphysically, of the matenal passing th^ g ̂  ^  ^3^ jjg
liquid, or gaseous) and either acid, a gs in the case of sand or
extremely abrasive and flow at a fairly hig ^
shot blasting operations. vary from as low as - es-C to
properties, and operating p ^ 3.  ^e a requirement for some
♦200‘ C and higher, added to which there may De a 1 M
flame or fire resistance. simultaneously;

Very fortunately not all of these pro[» compounders and hose
nevertheless, on occasion, the ingenutiy of the compo 
designers is stretched, to say the least!

" “ lya llo f the extremely widerangeof —

the hose industry, either singly or i n 33 reinforcement 
All the following fibrous matenals have app selected according

or carcass in current and future hose manufac 
to properties for each service requirement. Polyester

Asbestos fibre poiypropylsii®
Carbon fibre
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Cotton Nylon Steel wire

Plax Glass fibre

The reinforcement is applied to the lining in yam form by knitting, braiding 
spiralling, or circular loom weaving, or as cut woven fabric wrapped straightol 
on the bias. If more than one ply of textile is applied, it is usual to include a 
layer of insulating rubber between them to prevent chafing in service

Generally speaking, the operating pressure of the hose is the deciding 
factor in the selection of material. For a low-pressure application, such as a 
garden hose, steel wire would not be used, but rather a weaker material such 
as cotton or flax. Nylon has little use as a reinforcing material, mainly because 
of its low modulus and high extensibility, but it is these very properties that 
make it eminently suitable for the expanding hose portion of the power steering 
system of an automobile or truck.

The cover, generally speaking, is the outer protective layer of the hose, 
and has to be compounded to resist environmental conditions such e 

weathering (including ozone in certain circumstances), temperature extremes, 
oil and chemical contamination, as well as cutting and abrasion when the 
hose is dragged around.

It is essential for optimum service performance that the lining, 
neinfbrcement, and cover of the hose are fully consolidated and bonded together 

(Manufacture
The method and machine used in the production of a particular hose, 

as a general rule, depend upon the type of reinforcement necessary for the 
service conditions to be met and upon such practical considerations as the 
bore size and length required. The manufacture of hose will be described 
under five headings which fonm a convenient breakdown by type, use, process 
and production method.
Moulder Hose

In the manufacture of moulded hose, as the name implies, the hose is 
formed during the vulcanisation stage by being moulded against a lead sheath 

The lining (tube) is normally extruded in lengths of upto 500 metres, 
depending on bore size. The extrusion may be carried out on conventional 
equipment, either cold or hot fed or a combination of the two, and in either 
strip or pellet form. To meet the subsequent processing requirements, the 
compound has to be fairly hard and firm in the green uncured state

After cooling and maturing, the linings are reinforced by either braiding 
or spiralling the textile around them. The braid is mainly of cotton for the 
general purpose hose (air, water, garden) or it is of rayon. Alternate leftano 
right-hand laid textile reinforcement is also used.
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^ machine which applies the textile yarn to the hosejining

A braider is a m ^

.^aOiannerverVe^ and in this instance are usually installed in a vertiMl 
maypo'®

TH nuter-cover coat of rubber is next applied to the reinforced hose by 
f frroS -he ad  extruder After covering, the hose is passed through 

le " r  atead press or a lead extruder
After lead covering and winding onto drums, the lining is

come instances air is used also), pressure is applied, and the ends 
^gter on clamped. The drum and contents are placed in largeof the hose and lead are c^rnp
pansforvutonisingt gg g

super-heated, an nrocess) If the inside of the lead is fluted, then
r . s " ; " r s s ' s r i ’ ’ , ; . . . ™»
lead then of course, a smooth finish is produced,

r = = : = = S H = i
returned to the melting pot for re-use.

Generally speaking, moulded ^

r p r n g ^ : ' s t ° o f : h - « "  inclusive

" ' " h t H e r e s t i n g  process isthatusedforthe^

hoses. Basically, hydraulic hoses depen ' applied by either
reinforced with either textile ^ 5 5  ,he braiders and spiralling
braiding or spiralling techinques, in this process, n
machines are usually mounted horizontally , must

The process also ha^ compression-s^

r r e r ^ i^ s ^ L ^ r d % : :1 n ^ . . o n to a ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^  

air, and then braiding and/or sP"-a'^ 9  wth ^^i^pisation, the finished
with CR, and cloth wrapping is then earned out, m
hose is stripped from the mandrel, „ tn 40 metres

In this method, the production flexible mandrel process
by the steel mandrel length. The introdu possible, depending
has made lengths uptc, and even longer , [handling weights
on bore size. The limiting factor in *1̂ ® bobbins.
and thew ire  c a p a c ity  of the traingmachinec^^^^^^^^^^

Vulcanisation under lead is ofte rirncess In tliis process, the 
particularly in the flexible-mandrel long-length process.



Steel mandrels are replaced by long lengths of flexible cores of suitahi 
polymetic materia, on which the lining is applied. Braiding is carried 
conventionally, and then the cover is extruded into position. After the tub” *̂' 
has stood for some time for maturing purposes, the lead Is applied through 
either a lead ram press or a lead extruder, the virho is vulcanised, and ttie 
the lead and mandrel are removed from the hose. In modem hose plants ttie 
curing may be carried out in steam pans, continuous cateneries, fluidised 
beds, or salt baths, or by high-frequency methods.

Flexible hydraulic hoses are used in almost every industry, the main 
ones being aircraft, automobiles, earthomoving, materials handling, and 
mining.

In the majority of hydraulic hoses, the linings consists of either NBR- or 
CR-based compounds, which are suitable for most of the hydraulic fluids in 
common everyday use. Because of the extremely low temperatures 
encountered, hose made for outside use in some latitudes are specially 
compounded for temperatures below the normal specification limits of -35"C 
to -40°C. Special liquids, such as the phosphate ester type, require other 
materials, e.g., HR of EPM, to be used.

Over the years, service reqirements and conditions have increased in 
severity, particularly for burst pressures and for impulse performance. 
Considerable research and development in the field of metallurgy has been 
directed to discovering the best type of steel alloy and wire finish to be used, 
the correct tensile strength of wire, the pressure of application during braiding, 
and the angle of braids and/or spirals, to ensure that all layers of wire are 
worldng together in harness and unison.

As a general guide, the universally recognised operating factor for burst 
pressure to working pressure is 3:1 for static conditions and 4:1 for pulsating 
conditions.

Considerable progress in design has been made over the past few years 
and vwre-reinfcrced braided hoses capable of well over 500,000 impulse cycles 
are now commonplace, whereas such performance was only possible in the 
past with hose of all-spiral-wire contruction. Under certain conditions, with 
attention to the operating and safety factors, cycles of well over 1000 000 
impulses can be achieved with braided constructions.
M achine-Made W rapped Hose

As the name implies, this type of hose is made on machines, consisting 
of three rollers whose centres are on the corners on an equilateral triangle, 
the base being formed by two of these rollers.

The process consists of extruding the lining tutie in the straight position, 
and, after cooling, blowing it onto a circular-section mandrel treated to prevent 
sticking. The mandrel, the outside diameter of which is the nominal bore size



.cturing  T M o o s  of Rubber Products

be made either of steel for the smaller-diameter hoses or 
of the wses, may facilitate ease of handling and movement;
of light alloy f  available three-roll making machine, which can be as
® length s that OT b\om-on lining tube, sits
^uch as 40 m etr^.^^^ top roller applying
„icely on and b ^gi^forcement is applied lengthways in stnp form into
pressure as the aD 3^,n,etimes called),

0̂  ona spreading machine,

T s S d ^ ^

removed frcim the mandrel.

s ; ; ? a % r r s r r « —
fabrics. Furthermore, weftless in one operafion
and if so desired, armounng wires can als mmoleted by applying a
and on the run during manufacture. The
wrapping cloth in line with the for cure, in simultaneous
manufacturing stages are completed, ready for

° ' " t l  ™ d . » , O f — - * . 5  » «
water, compressed air, and steam deliveryjor welding 
equipment, and for conveying beer, wine, and food.

" ^ " Z ^ : : ^ i i a r g e - s i . e  hoses r e g u . d . ^ ^ ^ ^ ^
hand on large lathes or making ‘a^les w position,
of lining, carcass, and cover being hand PP position when it is
SteelwL helices are incorporated by ®P'^""'"9‘! ' X n  conditions, 
required to prevent collapse of the hoses under

Oil suction a n d d is c h a r g e ( O S & D ) ^ ^ ^ ^
bore sizes up to a nominal 6°° requirements of the oil companies,
on even larger sizes to keep pace with d

Furthermore, with the advent of the su^^^^ expensive
loading and discharging on the open se ^ g [,ggn introduced. In
port and docking facilities, there is a need
addition to conventional OS & D hoses used in tne sy



for some of the hoses (those between the buoy and the ship) to be capable nf 
flotation. This is achieved by one of the two methods. The first is to place 
flotation beads around the hose. While this is very effective, if has the 
disadvantages that assembly is difficult and time consuming and the outfit is 
prone to damage. The other method is to build into the hose an Intergral 
flotation system by the use of expanded rubber, with a closed-cell structure 
introduced into the carcass of the hose.
C ircu la r Woven Hose

The carcass of this type of hose consists of long lengths of fabric woven 
on circular looms. The warp threads run in the longitudinal or lengthways 
direction, and the weft threads are woven into the warps to produce a seamless 
circularweave.

One type of kerbside petrol-pump hose is produced by weaving around 
an oil-resistant lining tube, with wire helices included in the weft. The largest 
volume user of this form of reinforcement is, however, fire hose, and briefly, 
such hoses are made by weaving the jacket (which also serves as the cover)’ 
as a separate operation, on vertical looms.

The lining tube is extruded or hand-built from calendered material, and 
either in an uncured or in semi-cured state (backed with an uncured compound) 
inserted into the woven Jacket. Consolidation and vulcanisation of the hose 
are completed by admitting live steam to each length, the ends of which have 
been suitably closed. The fabric is usually treated to prevent mildew, etc. 
Other Processes

The five processes (just described) cover the vast majority of 
manufacturing methods, but, of course, there are others which are only in 
very small volume production by comparison. These include open steam and 
water curing methods, where the consolidation pressures necessary during 
vulcanisation are applied externally to the hoses in autoclaves by either steain 
or super-heated water

Another interesting hose is that containing convolutions and which has 
applications as flexible connections in low-pressure systems such as are 
encountered in the cooling systems of internal combustion engines. This 

IS usually made in discreet short lengths by moulding as extruded 
be (with orwithomfabnc interplay) between shaped metal fonmers. Provision 

IS sometimes made for the application of a low negative pressure during 
vulcanisation to assist the forming operation 
Hose Design

Apart from the general characteristics of the rubber mixes used in the 
linings and covers of the vanous hoses, the most important design feature of 
a hose is probably its carcass construction. Reference has been made to 
the various textiles which are used and to some of the safetv facforc; The
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^,0 f)ctunn cord  or fabric to the hose lining {the braid
,„glectapplicat'°'; ° ” " ^  a<,^ieved are of paramount
angle) and the ul (omner, generally speaking,
,„portance m , ' ' ° f  f  the so-called neutral angle, at which there is

d im e ter of the hose, under internal pressure,assuming

nochaii9®''' reinforcement.
^elongation p^gdicted

The effect of any P increase in length

T  liameter wii?decrLse. When the braid angle is less than neutral, the 
Tosr^shorte rin  length and its diameter will increase.

in their maKe-up can be casuals with cavas uppers,
Wellingtons and fashion boots, sports shoes ana

r r a ^ s . =  —
shaped component parts on a last or advances in machinery
Durfng the post-war period there ,he high labour
equipments and , The rubber footwear industry has
content of the hand-assembled Product technology
also taken advantage of new '1®''®'°̂ '̂ ®"^" Process requirem ents and give 
to fomiulate compounds which meet the new process req
products with Braotically any desired featu .

" “ t « . . .  « . » . r

: s s , s
footwear formulation. „  „„miallv based on natural

Compounds for hand-assembled excessive shrinkage can
rubber because good building tack is es . .i^ggj^es for hand-buiit products 
cause distortion of shaped compOTent p a ^  natural rubber selected depend 
are also based on natural „er com pounds, where flexing is a
on the end-use. F o rg o o d  quality thin uppe but lower grade
factor, a rubber with minimum dirt c ygd products synthetic rubbers
rubber can be used for soles and ^eels^ n moulded^P oil-extended
are used extensively, such as ® tgnce properties are required,
SBR, IR and BR, Where heat- and oi - tjfends of nitrite rubbers and PVC



products because of its superior tack. Whole tyre reclaim is used extensi 
in black solings and in some moulded black upper compounds. Finely gron 
vulcanised crump can be used for their cheapness and to help reduce porosjy

Carbon black is the reinforcing ingredient for black industrial boots but 
to meet the demand for non-black compounds, reinforcing siliceous lliier 
are used. A highquality non-black soling will have fine particle size silica as 
a reinforcing agent, and the medium grade solings either aluminium or calcium 
silicate. Goodquality clays or activated calcium carbonate will give reasonable 
reinforcement with natural rubber, but to obtain equal reinforcement with SBR 
and particularly with oil-extended SBR, the addition of some siliceous fillers 
is required. The main diluents are whiting and cheap clays, and for whiteness 
it is titanium dioxide.

The accelerator system is normally a thiazole with a guanidine, thiuram, 
or dithiocarbamate as a secondary, depending on the rate of cure required' 
For white and light-coloured products, an antioxidant must be selected which 
is non-staining.

Cotton is still the most commonly used fabric in the rubber footwear 
industry. Blends of cotton and man-made fibres are sometimes used where 
additional resistance to abrasion is required. The leg and foot lining of an 
industrial boot is normally a square-woven fabric of 0.30-0.40kg/m" in weight 
njbberised by frictioning and topping, and with sufficient elongation to enable 
it to be lasted onto the shape of the boot tree. On moulded boots, knitted 
fabrics (either plain knit of ribbed) are also used, giving the bootleq a more 
flexible feel.

The upper material of canvas-topped footwear is prepared from a square- 
woven face fabric combined to a twill backing fabric by means of a thicl( 
rubber solution or compounded latex. For top quality sports shoes, the 
combined weight of the fabrics is approximately 0.50-0.60 kg/m^ For slippers, 
which are very much a fashion article, a variety of fabrics are used such as 
cotton, wool, nylon, suede, and lurex.

Hand A ssem bled  and  H ot A ir  V ulcanised P roduct

Although this method is labour intensive, it still has its advantages in 
that It allows for greater flexibility in changing product design without the 
need for acquinng new and sometimes expensive equipment Some all-rubbef 
industrial and Wellington boots, and canvas-topped sports shoes and plimsolls 
are still made by this method,

A pair of all-njbber industrial boots may consist of 40 rubber or r u b b e r is e d  

fabnc component parts, each prepared and cut to the required shape prior to 
assembly These parts consist of the outer rubber leg outer rubber vamp, 
fabric leg lining, fabric vamp lining, anklet, insole, fillings toe and he e l 

reinforcements, back strips and strengthening pieces, foxing strips top



Fig. 14.6: Rubber boot components

pattern and profited to give the variations ,n thickness^ Any req 
design and thickness is obtained by changing the fourth roll.

T h e h e e lo fa n ,n d u s tn a ,o r w e , , ^ g to n b «

usually pre-moulded to the |c,anised rubberised fabric waste

are assembled, in a specified sequence, tightly on
thoroughly rolled to ensure good bonding. r u b b e r  le q  and

Another method of '^'^nutacturing is jo  omiU coagulating

vamp and to apply a coating cashing and then drying off the
to provide the outer surface. After thoro g y attached.
moisture, the foxing strip. ^  I er of rubber around the carcass.
The latex forms a seamless, impermeable layer

For canvbs-topped footwear, the “ "^I^^dings have been sewn 
machined together to form the upper, on lasted onto the last,
and eyelets or gussets and heel-pieces fitted^ I 
and the necessary rubber components attacneu.

Vulcanisation is carried out in ' ^ ' ' 9 ® the sides. The boots 
by banks of steam coils fitted in the base a ^^me factories,
are loaded onto carriers and wheeled in to a vacuum pump so
the can-ier peg on which e a ^  “  nent parts are drawn tightly around
that, as the boot is vulcanised, the componei k



the last, thus ensuring good adhesion. Immediately the autoclave doors a 
closed, and air, at a pressure of around 3 kgf/om^ is admitted to offset an 
blistering or blowing of the outer rubber parts. The temperature graduall'̂  
rises to 135°C, where it is then maintained for the remainder of the vulcanisin! 
period, which is normally 60-65 minutes in total.

Because of the different thicknesses of rubber components and the 
hot-air method ofvulcnnisation, the compounds need to have a plateau-type 
curing system to avoid degradation. Accelerator systems based on thiazoles 
with TMTD as a booster have proved effective. A good heat-resisting 
antioxidant is usually added.
Com pression M oulded Industria l R ubber B oo ts

A complete boot is moulded in one operation using vulcanising presses 
consisting basically of two lasts, two side moulds, suitably profiled to give 
the required pattern and thiknesses, and an engraved sole mould. Five 
components only are required by the moulder, a pre-formed fabric lining shaped 
to the last, a sole blank, a rubber leg, a rubber vamp, and a filler. A one-piece 
rubber leg and vamp is sometimes used. The lining fabric is first coated witti 
rubber compound, and then pre-cured to avoid any strike-through of the outer 
rubber leg during moulding under high pressure. Correctly shaped legs, 
vamps, and insole socks, die cut from the pre-cured roll, are machined together 
to form the boot lining. This lining must have sufficient stretch to enable the 
moulder to fit it onto the last, and yet, when on, it must be a reasonably tight 
fit to avoid pinching during the moulding operation. Knitted fabric linings may 
also be used, suitably coated with rubber compound. The rubber leg and 
vamp compounds are calendered on a profiled roll and die cut to shape. The 
filler compound can be calendered or sheeted off a mill and die cut to shape. 
Correct distribution of the rubber in the mould is essential to give good mould 
definition. An economical method of preparing the sole blank is by the use of 
the Barwell Precision Performer, which can produce a pre-shaped sole and 
heel unit of accurate weight and dimensions.

The heel portion of the sole being the thickest in the boot governs the 
vu canisation time. Recently a method has been incorporated whereby tne 
sole and heel can be given double the vulcanising time set for the completed 
boo , reducing cure times by neariy half. While one boot is being vulcanised, 
a sole and heel blank is being moulded and semi-vulcanised in a second sole 
mould for the next boot. Overcuring the sole must be avoided othenwise the 
bond of sole to the upper could be impaired. Two lasts, normally collapsible 
or split to ease the fitting of the lining, are provided so that whilst one last is 
in the press vulcanising a boot, the other is having the lining and rubber parts 
assembled onto it. The oress is fitted with automatic temperature controls 
and timing devices.



*  . efficient economical operation, compounds have to be rapid
To obtain efficient e ^gflnition

„,pattern̂  With sote P^e every 4 minutes, the sole and heel having
acomple eboot^ compounds with Mooney viscosity and scorch

»  4-mjnutes^^^^^ ^ ^3^, respectively,

'®'''®f,flctorv for such conditions.
'  y  ̂ compound must be very flexible to avoid any

fV in  wear have good flex cracking resistance, good a'™sphenc 
discomfort m wear, ha 9 strength. The vulcanised sole and
ageing resistance and resistance and good cut growth

than 1.2 to 1.25 to avoid excessive weight in the boot.
nirect M o u ld e d  Process for Shoe Bottoming

Asthenameimplies.direct moulded f o o ^ ^

rubber compounds directly to lasted uppe ^ gg can be classified into 
way than by any other "Eternal pressure machines which
types; for cellular rubber-soled ^ compound; and external
rely on pressure created by the blowing 9 „ operated, for moulding
pressure machines, either pneumatically or hydrauiicaiiy ut-
solid compounds.
Cellular Rubber-Soled Footwear , nmrti.cer^ is the

By far the largest volume of cellular rubber footwear produce.

sponge-soled slipper. machines each
There are several different types of f  P f  ̂ e s :

consists essentially of (Figure 14.7) the o o
i. A base plate, having the contour of the sde and hee,
ii A ring which sits on th e  base, split longitudinal y,

11, " : i r t : : : : : - - d a n d w h i c h a c t s a s t h e t o p p l a t e o f

T h r s r ; i a n d l a s t a r e f i t t . ^ ^  
being heated to 150-160“C, the last o . ^ ^ g ^

This slipper upper, already prepare an ^ tjeen

metal last and held tightly to it by stnrig non.cellular outsole cover
sewn to the base of the upper. A semi-vu can^sed no ^ ^^g
is placed centrally in the mould cavity, foil ̂  fg,t The last is then
unvulcanised sponge compound and a ftllmg^ The total volume of
lowered until it is clamped tightlyover mouW ca ^  
matenal placed in the mould cavity is usually 60



cavity. The gas generated by the blowing agent expands the so 
compound, creating internal pressure sufficient to fill the cavity 
satisfactory bonds between the upper, cellular sole, and outsole co™"' 
Vulcanisation time is from 6 minutes to 8 minutes.

Upper fitted 
on last

Fig. 14.7: Schematic diagram of Intemal pressure moulding machine

Both preparation and presentation of the sponge compound require 
exacting control. Inorganic blowing agents are used, with a small addition of 
an organic to give a finer overall cell structure. The polymers are given extended 
mastication with the addition of chemical plasticisers. The compound must 
be highly plasticised to allow for ease of expansion by the blowing agent, and 
vulcanisation must be delayed sufficiently to allow this expansion to take 
place. After mixing, several remills may be necessary to attain the required 
plasticity, and the finished batch is then calendered to the required thickness, 
well dusted to give ease of handling and die cut to the required shapes. The 
outsole cover compound is also calendered and pre-moulded into sheets 

approximately one meter square from which shapes are 
cut This cover compound must have good ageing properties as the cut soles 
are to be given further vulcanisation in the slipper press.
Solid Rubber-Soled Footwear

“ ''"9 of either canvas or
teather by the direc moulded process has been a revolution in footwear 
manufacture^Essentially, it is a mass-production process and most efficient 
when allowed to operate as such. The operation is carried out by the shoe 
manufacturer in individual presses with electrically heated moulds,

.  „  operating at low pressures, between 10
kgf/cm^ and 20 kgf/cm^ on the sole area are used for canvas-topped footwear, 
leather bootees, and casuals. For walking shoes, work boo trand  heavy



o«ure machines operating at 55-85 kgf/cm" c 
used'Tte is normally applied by the sole plate acting as a

.■ „ ,c o n s is te s s e n tia ily o f{F ig u re 1 4 .8 )o fth e fo llo w in g s tru c tu re s :  

" " 'fb a  plate contoured totheshapeofthesole and heel and carrying

' fhe required sole pattern,
.. Movable side plates which open and close automatically
"■ which when fitted with the prepared upper, fits exactly onto

me cavity formed by the base and side moulds when closed.
, niatP side moulds and lasts are fitted with electrical elemente,

Fig. 14.8: Schennatlc ” ‘ " ; c lo ’’s e d ' r ^
mould open, upper completed

AS in the case of the mouilding 
consists of assembling the upper on hianks The side moulds are first
with the unvulcanised rubber sole and acting
closed tightly around the upper, and required finished gauge of
as a ram, until it reaches a set position 9 ^  time and when this is
the outsole. The time control is set 0  footwear is stripped of the last
reached, the press automatically 
and allowed to oool, and the spew is trimmed 0

With fabric uppers, the Pressure app le satisfactory bond of
compound into the interstices the bonding area is roug h e n^
rubberto fabric. In the case of leather uppers^ coats of a
to allow better penetration of adhesive into the leatn



fast-curing natural rubber cement, sometimes activated with an is 
are applied to the roughened leather of the upper A wooden or fib?'* 
heel filler is also included with the rubber blank. The lasted upper^ 
correctly within the bite line of the side moulds so that a good eda 
formed without cutting into the upper. This bite line follows the insole 
good bond of sole to upper is essential and on the toe-testing equin 
adhesion tests on finished shoes usually register figures of 32 l<gf and'ov™ 

Accurate control is essential of the preparation and volume of the ruhlv> 
blanks which are in cut shapes, strips, or granules, depending on the Ivdp 1 

finished product and the sole pattern. The uncured rubber compounds m 
have fast-curing delayed-action characteristics and a shelf life of at least*? 
4 weeks is essential. To utilise the equipment efficiently, the cycle time 
must be as short as possible. Where leather uppers are used, the lasts a * 
normally cool, thus heat transfer into the rubber is from the sole and sid! 
moulds only and temperatures at the leather-rubber interface will not exceed 
90°C. Temperatures of the sole and side moulds are 155-165°C. With canvas 
uppers, the lasts are heated to 130°C so that shorter curing cycles are 
possible. Typical cure times for heavy boots are 8-10 minutes, for lightweight 
men's and children's shoes 5-6 minutes, and for canvas plimsolls 3-4 minutes 
To reduce cure times, pre-heating of the unvulcanised sole and heel blank in 
an electrically heated oven at around 95°C is commonly practised. 
In jec tion  M oulded R ubber Sole and  Heel U nits

Injection moulded rubber sole and heel units are produced on multi­
purpose moulding machines. These machines consists basically of a rubber 
injector which consists of reciprocating screw working within a pre-plasticising 
cyclinder, the screw and cylinder being fitted with independent temperature 

®*3tions vary depending upon the machine design, 
hP r  *®"-station machines are commonly used, the mould stations

° " i f  A' ‘he beginning of each cycle, the screw
u n r i^ L  rnm ‘^6 Cylinder, and the
a e n ^ ra l fnunn'ih '^e  in jLtion unit (it is
fo ta w lL n n  nf h Satisfactory for harder stocks). The
b a Z a r d l o f l  ' ‘' T *  compound and the movement
backwards of the screw leaves hot plasticised material in front of the screw

rotating, forcing the compound through the noz^e hto ctosed

moves the next station in front of the unit and the cyc lfis  rmV^Iri'^AHhe
same time, the station prior to the inejction pc^nt opens L l l o ^
units to be removed from the mould cavities. '



ber of mould cavities per station depends upon their volume 
The gtiot size of the machine, in addition, the total mould

gnd the such that the upward thrust is not in excess of the
surface presses themselves, which is in the region of 300-500

f  depending
Moulds of varying capacity may be used in any one ™n. since the 

nf compound injected into each mould is determined by the back 
volume ot CO H Effective flash-free mouldings are not
pressure de machine, but by designing the moulds for tear

flm ing  minimum spew waste can be achieved.
each station caries individual temperature controls, so that cure 
r.?ures for mouldings of different sole and heel thicknesses can be 

SJfeved T h l typical output from a six-station injection moulding machine

would be - g
Number of siations ^
Pairs per station 

Mould teu^perature

cycle'i-ne 
Cure time

206 pairs
Output per hour

Whilst the process for bottoming in S

r L ° s % " b r a T e r s «

'" th e rm o p la s t ic  rubbers can be satisfasctonly ..action moulded and are 

now used for some casual footwear 
Resi-n Rubber and Microcellular Solmg

Rubber soling can be supplied to p g"^oulded sole and heel
form of soles cut from pre-moulded sheets or asp attractive in

units. High-styrene resin rubber flexibility, and is 4-5 times
appearance, combines high hardness with good 'lexi^^ y 
as durable as leather Because of these prop ' u^lgr soijpg containing 
leather as a soling medium in fashion footwea^ nravitv as low as 0.3 is also 
minute discreet air cells and having a ^ gg îic nitrogen-generating
used extensively. It is made by the addition o' NR-SBR blends, with
blowing agent to a soling compound, usual y , , _  hardness and of 
the addition of high-styrene resin to obtain a 
siliceous-type fillers for good resistance to abr



The manufacture of microcellular soling requires very careful contr 
mixing and moulding. Expansion occurs only after release from the 0°''" 
and therefore, the mould is loaded with a blank of volume slightly in 6X06^** 
that of the mould. As soon as the press is opened, the sheet of vulcani^°* 
rubber immediately starts to expand and must not be restrained in any 
otherwise permanent distortion of the sheet occurs. The moulds are usuaT 
bevelled along the edges, and the press is made to open as rapidly as possibi  ̂
The degree of vulcanisation affects the finished density, overcure resulting^ 
near-solid sheets. Accurate control of vulcanising time and temperature is" 
therefore, essential. After initial expansion has occurred, some degree of 
shrinkage will continue indefinitely. Stabilisation is, however, achieved bv 
heating the sheet in an autoclave at 120-130°C for approximately 30 minutes 
Sheets can be moulded up to 20 mm thick and subsequently slit to any 
required thickness. Sole shapes are die cut from the finalised sheet. 
Adhesive Attachement

The present-da/ method of attaching rubber soles and heel units is by 
the use of adhesives, based on CR or NBR. The adhesive is applied to the 
surfaces of both the upper and the sole, the sole is then accurately placed in 
position, and pressure applied. Where it is necessary to apply the adhesive 
some time in advance to meet production requirements, the adhesive-coated 
sole surface is reactivated by heat from infra-red lamps immediately before 
contact is made with the uppers.
Special Purpose Footwear 
Safety Footwear

The need for added protection of the toot in the vulnerable areas has led 
to the manufacture of safety footwear, incorporating a steel toecap in the toe 
area and a spnng steel midsole between the base of the foot and the outsole. 
The demand forthis type of footwear in industry has increased recently The 
inserts are fitted dunng the assembling of the product, which can be hand 
built, compression moulded, or direct moulded.

'°e  ^rea of the last and is
ttoht f f . n  'he toecap is a
^gM f  t so that no movement occurs during manufacture. The toecap must

requirements as laid down in BS 1870. The steel midsole
thafthp r  ° L  BS 1870 specifices

the protective midsole and the edge of the insole 
mus not exceed 6.35 mm^To ensure that no rusting occurs during service, 
the steel parts are given a chemical anti-rust treatment and envelooed between 
two thin layers of rubber compound. Depending on th rser^ ic t r e a u i r e ^  
of the product, safety footwer is manufactured w i r s t e ^ l ' i r p s  on" 
protective midsoles only, or incorporating both toecaps and midsoles.



.n d  A n tis ta tic  Foo tw ear
ConducW  ̂ (j, eliminate the build-up of static charges in the

Inarkinq as in factories handling exploswes and in hospital 
®'°;f.uct" e or antistatic footwear is used. Conductive ~ r  shou d

res, conclusive 0 .^3, gq^p^ent. Where
only be used occur, it is essential to have a lower limit on
'̂ ’“ f t l o  g U  adequate protection against dangerous electncal shock.
™  of footwear is referred to as'antistatic'.

compou P DO 'iR O Bsoecifies an upper resistance lim it o f

lO* Q and an upper limit of 5 « 10 n.

general c o m p o u n d in g  o f  f o o t w e a r  c o m p o u n d s

common inlheitmanufaciute are llgmprolecliueoffasliron
rubber-soled leather chappals ^ function of any footwear
boots and heavy duty industnal boots, etc. P g^c^rid
is to protect the foot from external h
surfaces, nails, thorns, stones, ^ampne compounds used m the
Here we will discuss the manufacture chappals and shoes

r  r  r a n " u f o T r S f a r  soling used for .awa, slippers and

n ^ ^ r o c e l l u l a ^ ^ — —
are lightweight, comfortable to wear and usuallyhavea
they are more economical than leather so es.
Types of Expanded M icrocellular Soling

Microcellular soling is made in vanous qualities and
classified into three categories - ,:„_ore

I. Soft microcellular soling for hawai or beac s
II. Medium hard microcellular for leather tope a
iii. Hard microcellular soling for leather shoes.

some characteristics of these soles are discussed below



Category Approx. specific

Hawai/beacli slippers 0.2 - 0.4
Medium hard microsoting 0 6 - 0 6
hard microsoUng 0.7- 0.8

a. Hawai Slippers
In western countries these slippers are known as beacti sandals 
and are used on beaches or for indoor use. Because of their low 
cost, these slippers are within the reach of the poor population iti 
India and hence have become very popular footwear The hawai 
slippers consist of three components - expanded coloured sole, while 
upper topping and solid rubber strap.

b. Medium Hard Wicrocellular Soling

These solings are generally used for leather or resin upper chappals 
This kind of footwear is in very high demand for fashion conscious 
urban people who need more elegant and light vreight footwear iBttier 
than leather sole chappals. This soling has good resistance to wear 
and tear and has almost replaced leather soles

0. Hard Microcellular Soling

This superior performance soling material is generally used for light 
wear and heavy duty industrial shoe soles because of its light weight 
and better wear resistance. It is more comfortable than crepe soles 
used for leather upper shoes.

Selection of Compounding Ingredients 
Elastomers

The hawai and microcellular sheet compounds are normally based on
nn vh rubber, SBR or
polybutadiene and high styrene resin blend.

rP ,ili.n r l"S ' 3 ° ° '' Compound and high tear and
i ^ r  "igh tensile

high loading of fiHers with

S S  ••
SBR rubber gives better ageing protection and abrasion resistance than 

natural rubber and is hence blended with natural ru b^rm a ny  Wm^High 
styrene resin polymer gives lower density and shrinkage and o L rs  best flex 
and abrasion resistance. Its use, therefore, in microcellular products is



*'*" U' h»r loading it gives high hardness and a teather-li!<e
essential' A* Besides, high styrene resin rubber such as SBR-

htoherthermoplasticity to the compound.
,358 gives n 9 to give good

s stance and resilience to microcellular products.
'  Havs to manufacture lov>̂  density microcellular products, a blend 

, „ t S v C  resin is used. It also gives excellent abrasion resistance and

resistance to oil

of microcellular prouu^io q,

s s s s s s

3 S S S S i= r s H =
very expensive and hence, many a time r p
silicate, v^hich are lower reinforcing than f^® 3,so .̂^ed.
silicate, China clay, whiting or precipiate gj ,̂es better
Precipitated calcium carbonate is semi-re (,|ay and whiting
processing characteristics to the they make the product
are generally used as extenders to reduce t (Ogpsity
heavier due to higher specific gravity and high bulk dens ty.

Plasticisers such as processing ^^®g\°t,e'J,ardnessof sol̂  
improve the processing characteristics an Hjspersion of reinforcing
Cumarone indene Resin and Wood Rosin '^P and reduce shnnkage
silica and silicate and also help to improve P gj., gs activators of
of solings. Wood rosin and organic pynansion to the compound.
DNPT type blowing agents, thus, giving ^ a .o r  for vulcanisation.

Zinc oxide is nonmally used at 4-5 p r as gcidic nature helps to
Stearic acid is also an activator and, hence, given better
decompose blowing agents at a lower te^P ^ g p|̂ ,. depending upon
expansion to the compound, it is genrally used at P
the filler loading of the compound. to aive a longer service life

Antioxidants are mainly used in MC so^ng 
and to improve the flex resistance ® ^ l g  yggd For dark coloured
and coloured products. Montaclere SP a



and black soling, Flectol Pastilles at 1-1.5 phror Santoflex DPAato.5-075 
phr are recomnnended.

The accelerator system for the MC sheet should be such that it should 
set the compound fast to seal the edges of the mould and should cure slowly 
to allow decomposition of the blowing agent first and then vulcanise ttie 
compound. This type of accelerator system gives higher expansion The use 
of Thiotax (MBT) alone is more popular in the hawai sole compound at 1 2.
1.5 phr level. For higher hardness micro sheets, use of Thiofide (MBTS) at
0.8-1.0 phr and Ureka White F at 1-1.4phrof Santocure CBS at 0 8-1.0 piip 
with booster TMT at 0.2-0.3 phr is more common Sulphur is generally used 
at 2-2 .5 phr level. Higher levels of sulphur give poor tear resistance and higiier 
shrinkage.

A DNPT type blowing agent properly stabilised with a sabiliser should 
be preferred because it gives good expansion to MC sheets. This material 
has a very high decomposition temperature-190-200°C. lt decomposesat 
120-140°C in an acidic medium and, therefore, in the fiflC compound, a higtier 
dosage of stearic acid at 4-6 parts is used. During the vulcanisation, tiie 
blowing agent decomposes to give nitrogen gas and the fishy smelling amine 
Is produced. The nitrogen gas under pressure dissolves into the rubber 
compound, which on releasing the press blows the compound, giving 
innumerous micro cells in the soiling. Use of blowing agent depends upon 
filler loading and hardness required for MC soling product Generally 4 to 7 
phr of blowing agent of DNPT type is used. It should be remembered that a 
higher dosage of blowing agent not only gives higher expansion but gives 
higher shrinkage due to higher intemal pressure of nitrogen gas in microceli 
wall of the soling. It is essential to store MC compound for 8-24 hours after 
mixing of bloving agent in it, to get a uniform cell structure and expansion of 
sheets.

Organic or inorganic colours and pigments are used to give bright and 
pleasant colours. Care must be taken in using phthatocyanine blue or green 
colours, so that they do not contain free copper which poison the rubber 
reducing the ageing resistance of the product.

Microceiiular crumb is used to reduce the volume cost and it greatly 
helps to reduce specific gravity and shrinkage of MC soling However, very 
higli loading of crumb reduces split tear and wear of the product At high 
loading of crumb, micro-cell wall strength reduces drastically which results 
in the breakage, of micro cells ultimately resulting in coarse structure in MC 
soling.

Method of Manufacturing IMicrocellular Solings
Microceiiular soling (MC) sheets are produced from rubber compound 

containing organic blowing agents of the dinitroso pentamethylene tetramine
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^  compound about 3% excess

(DNPT) ‘yP^.-T^lelDS to seal off the edges of the mould. The moulding is 
in volume J g  in g hydraulic press normally at 140-150°C. The pre-

c S n r a b o u t  75 to 80% of its full cure,
■ r, irina of the MC sheet, the blowing agent decomposes releasing 

Dunng cun g gas underthe high moulding pressure diffuses into 
nn o ^u rin g  the press is opened. On releasing the external pressure

‘^ ' '  f  h n tS i t r o q e n  gas pressure, the compound expands and procured
dueto H i g h c a v i t y ,  giving innumerable micro cells within 

th"L sT e rT T fa c ilita te  ea% rL a s e  of the MC sheet, mau d 
? h i  talered edges generally at 45”C. The C sheet on cooling shnnkscavity has tapered e g ^^9

properties^ well as to withstand wear and tear. It is then postxured in hot 

air oven.
The quality of microcellular material can be judged from -

i. Specific gravity

ii. Hardness
iii. Split tear resistance
iv. Shrinkage control

on-
i. The quantity of blowing agent used
ii. The volume loading of mould cavity
ii. The time and temperature of precure sheets

.  Moulding pressure applied during °

It would be helpful to elaborate manufacture

' r o S r s : r r ; o  s  ^  “

ii. The volume loading of mould ca ty sponge Irreguar cell
compound in the mould is ma^equa 30/, excess in
structure is obtained. The material forms a thin flash
volume of the mould. The sma of gas from the sheet,
which seals the mould a " '' P'® gg thick flash and causes
A  large excess s h a p e  soling sheets,
leakage of nitrogen gas giving irreguia



iij. The time and temperature of pre-cure - The curing of the MC sheet 
carried out in press under high moulding pressure The precure tirn* 
and temperature are determined by the decomposition ijehaviour 
blowing agent and cure system used in the compound. As cure time
increases, modulus of the compound increases which increases the
resistance to expansion of sheet. Thus, resulting size of the sheet is 
lower and consequently the internal pressure of decomposed gas 
becomes higher

During storage and post-cure, when intemal pressure of gas comes 
down due to diffusion of gas. the shrinkage of MC sheet becomes 
more- Hence to control the shrinkage of the product, it is necessary 
to give low degree of precure as possible. However, too low degree 
precure gives lower strength to the MC sheet and walls of microcells, 
the weaker microcells then burst due to high nitrogen gas pressure 
and big blow holes are developed in the sheets. Due to poor heat 
conduction properties of njbber, cure time of MC sheet depends 
upon the thickness of the sheet in the mould. Deeper mould cavity 
will need higher precure time. Generally, for medium speed curing 
system and normal filler loaded MC sheet compound, approximately
0.8 to 1 minute precure time should be given per mm depth of the 
cavity at 150°C curing temperature. In case of manufacture of MC 
sheet with uneven thickness or tapered sheets cure time for thickest 
section is considered. In such cases, thinner section of sheet gets 
higher degree of cure which obviusly gives slightly higher shrinkage 
The temperature of 140-150°C is a good temperature.

'IV. /Moulding pressure applied during vulcanisation - In the case of 
microcellular compounds, the nitrogen gas liberated by decomposition 
of blowing agent generates intemal pressure in the compound, which 
tends to open the mould. The external closing pressure on the mould, 
therefore, should be high enough to keep the mould closed and to 
keep liberated nitrogen gas dissolved in the microcellular sheet The 
minimum specific pressure required will thus depend on the amount 
of blowing agent in the compound which is approximately 18 kg/cm' 
per phr of DNPT type of blowing agent in the compound.

The specific pressure on the mould area will depend on the area of 
hydraulic pressure « tonnage of gauge pressure.

Specific pressure = Total pressure/Mould area.
But total pressure = Maximum gauge pressure x Ram area.

MaximumgaugepressurexTT4 »(Ramdiameteryf
Specific pressure = ___ _______________________ _____________

Mould area
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■ „,,,msDecificpressureisdictatedbythedosageoftheblowing
Since the maximum area of the mould is given by -

agent m the c pressure for moulding

Max. mould area -  specific pressure required
for ttie compound 

= nf ^oecific pressure used is lower than minimum or the mould 
„r.te rre r irea tban Indicated by above equation, all the liberated nrtrogen 

® rtoes not dissolve into the compound.

.o » ,, a w - n .0 «

™ L . —

developed in the MC sheet due to the dec P ^  j  g,g distorted, 
due to the slow opening of the press many a times MC, sne g

In MC sheet moulding, the guide post of the
as an opening of the mould expanded sheet, t may hit g
press and get warped, and edges may e cu determine

In the MC sheet manufacture, tapered „  g^gig |s lower, it
the relative expansion of sheet m '^® ‘ ^® ,gg ives better thickness to the 
gives higher linear expanision while higher angle gives 
sheet.

After the precure, it is essential to give posj^^^^^^^beeves permanently 
After postcure the MC sheet is ^ achieves maximum physical and
stabilised in the expanded size, whereby moulding cools to
wear and tear properties. When the Pi’e'^^^ internal gas pressure which 
room temperature, it shrinks due to ^  ,he nitrogen gas in each 
lower down due to lower temperature^ microceil walls are still In a
individual cell is still under pressure. The -[-(̂ 15 ggs under pressure
stretched condition due to interior nitrogen PJ during storage, which
slowly diffuses through the cell wall to the shrink leading to
causes a fall in internal pressure and stre , (gg rate of diffusion 
further shrinkage during service life. Postcu



of this gas at high postcure temperature which brings down internal nr 
to atmospheric level and IMC sheet stabilises.

Normally postcure is carried out at temperature of 100-120”c  f 
hours. The procured MC sheet from one or two shifts are collected' '̂'^ 
postcured in hot air oven having a circulating an-angement. As the heat tra 
in hot air is very slow, the sheets take longer time to attain temDsrat 
around 100-110°C. After postcure sheets are cooled and stacked one 
another for at least 24 hours, before final use, so the MC sheet qets stahiii/! 
after cooling.

QUALITY CONTROL OF RAW MATERIALS
a. Natural Rubber

Natural rubber should be inspected for low dirt content, lighter cotour 
and should be from fresh stock. Higher dirt or bark content will give 
poor flex and tear resistance, while dark coloured rubber may qive 
vanations in colour shades of the product and old rubber stock will 
give poor ageing and life to the product.

b. Synthetic Rubber

Synthetic rubber should be checked for any foreign matter or 
contamination. It should also be tested for moisture content (less 
than 1 /o) and constant viscosity. Large variations in viscosity may 
result in uneven expansion and higher moisture content will give 
blow holes or blisters in the product.

c. Crumb

"lesh size and
and >^°isture content
comm nn f  ='“ mb should be used as of the
compound to get uniform colour to the cut edges of fulC sheets.

d. Fillers

maT^ 9 " '' content (1%
rduMit^^n n r ,  sedimentation value and
in va L ^ io n f Large variation in these properties will result
in vanations in the specific gravity of (VIC sheet blistprino DOor
reinforcement, lower flex and tear resistance ' ®' ^

e. Processing Aids
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„,,ons in the properties will result in variations in the viscosityof
Ihe im po und  and finally, expansion and hardness of the MC sheet 

Blowing Agent
nniwina agent should be tested for grit and gas liberation vrtiich 
wrtrols the expansion of the product. It should be properly stataiised

ficce le ra to r/A n tiox idan ts
Arcelerator/Antioxidants should be tested for melting point/range 
and solubility in solvent to judge the purity of the nnatenal

"■ ^ o S m o d  dispersion of sulphur it should be of finemesh It should 
S te s t ^  for acidity, sieve analysis and solubility ,n carbon b,-sulphide 

to check its purity.

Trouble Shooting Guide
Table 14 3 given below shows the problems and their prossible solutions 

and Table 14 4 shows typical formulation for hawai sole (white uppe ),

Typical formulation for strap “ ^^fphysical
specifica tions fo r  “ '^ n ja b le s  14 5 to  14.8.
requirements fo r qua lity  hawai sole are shown in Tab

Testing of Finished Product
To ascertain the quality of the product it is essential to test

'" 't ic ro c e l lu la r  products should be tested for following properties -

i. Relative density or specific gravity
ii. Hardness of the sample
iii. Heat shrinkage at 100 ± r C  for one hour 

Iv. Compression set
w Split tear strength

Vi. Ross Flex testing. ctrain oroperties on
T he  hawai strap compound is also tested or s 

tensile testing machine.
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Table 14.4: Typical formulation for hawei sole (white upper)

Ingredients 1

RMA

SBR 1958 

RB 820 

Zinc oxide 
Stearic acid 
Montaclere 

Silica
Aluminium silicate

Ppted, calcium carbonate

Whiting

China clay

Hawai crumb

Petroleum jelly

Process oil

Wood rosin

DEG
Titanium dioxide 

Sulphur 

Ureka white F 

Thiofide MBTS 

Thiurad TMT 

Blowing agent (DNPT)

Cured at 150*C for mins. 

Specific gravity 

Hardness shore A*

Split tear kg/inch 

Shrinkage % (100’ C/1 hr)

Ross flex test crack initiation kc 
600% cut growth kc

30.00

10.00 

60.00

5.00

5.00

1.00

15.00

30.00

30.00

5.00

5.00

3.00

2.00

5.00 

1.40

1 40 

0.20

8.00

7.00 

0.23

30

3.00 

3.50
06.00

140

75.00

25.00

5.00

5.00

1.00

80 00

100.00

5.00 

10.00

4.00

2.00
5.00 

2,30 

1.20

0.10

7.00

5.00 

0.40

40 00 

3.50 

1.70 
60 00 

140

80.00

20.00

5.00
4.00

1.00

30.00

30.00

30.00

5.00

5.00

4.00

20.00

2,50

1.00

5.00

6.00 

0,55 

44 

5,00 

2,50

75 0Q 

140
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Table 14.5; Typical Strap Compounds

RMA
Zinc oxide 
gtesric acid
Monlaclere

AluTtiiniuf" silicate 
pptd. calcium carbonate 

China day
Petroleum jelly

Cl resin 
OEG
Titanium dioxide 
Thiofide MBTS 
Thiurad TMT 
Sulphur
Santogard PVi-50 
Cured at 150'C (minutes) 

Specific gravity 
Tensile strength, kg/cm^ 
Elongation at break, % 
300%moduls,kg/cm^
Angular tear strength, kg/cm^ 

Hardness shore A*

Quantity

100,00
6,00

1.50
1.00

30.00
30.00
30.00 

6.00 

2.00 

1 00 

5.00 
1.20 

0.20 

1 80 
0.25 

4
1.37

170
430

65
27
54

Tabla 14.6: Typical formulation micro compound 

_________________________________ _ Quantrty
Ingredients ------------ —

20.0 20.0
RMA 60-0 100

SBR1958 20.0
SBR1502 70-0

RB820 4.0 6,0

Zinc oxide 5.0 5.0

Stearic acid 1.0 1.0

Montadere 20.0 20.0
Silica 40.0 35.0
Aluminium silicate 

China clay
70.0 50.0



Ingredients Quantity '

Micro crumb 50,0 .

Petroleum Jelly 5.0 5.0
Process oil 10.0 5.0
Wood rosin 4.0 4.0
OEG 2,0 20
Titanium dioxide 5.0 5.0
Sulphur 2,2 1.5
Thiofide MBTS 1 4
Ureka white F 1 2

Thiurad TMT 0,1
Blowing agent (DNPT) 5.0 5.0
Cured at 150'C (minutes) 6 0 12.0
Specific gravity 0.5 0.4
Hardness shore A” 620.0 500.0
Split tear strength kg/cm^ 4.0 3.0
% shrinkage 1.50 2.0
Rose flex test _ _

Crck initiation, kc 35.0 45.0
600% cut growth, kc 70.0 100.0

Table 14.7: ISI specifications for microcellular rubber soles and heels BIS/ISI : 
(6664-1972) Physical requirements for m icrocellular rubber sheets

Type 1 Type 2

i. Relative density 0.60-0,70 0.45-0 55
ii. Hardness IRHD, min 65° 50°
lii. Change in hardness after +5 to -0 +5 to -0

ageing at 100 ± 1'Cfor
24 hours-

iv. Compression set at 27 ± 1 *C 12 1
for 24 hours. % max.

1 o

V. Split tear strength, kg, min. 8,0 6-0
vt. Heat shrinkage at 100“c ± r c 2 3

for 1 hour in both directions.
% max.

vii. Water absorption, % by mass, max. 1.5 2.0



. lA K Physical requirements for standaard quality hawai seple 

_____________ ____________ ~  0 3-D6

Hardness IRHD 
^ ,3„ge in hardness after ageing 

„ 100± r C f « 2 ' '  hours.
compression set at 27 ±1-C

for 24 hours, % msx
Split tear strength, kg.
Room temperature shrinkage 
at 27 ± for 4 weeks. % max 
Fiex resistance, number of cycles - 

Roos Flex testing machine -
a. Initial crack, min.

b, 600% cut growth

0.3-0,6 
45’ -50° 
+ 5 -0

15

4-5 
1 .0-2  0

40,000-60,000
60,000-100,000

Table 14.9: Given below shows the physical requirements for standard 
hawai strap ___

Relative density 
Tensile strength, kg/cm^ 
Elongation, %
Hardness IRHD 
Change in initial hardness 
after accelerated ageing 
for 24 hours at 100 ± 1°C 
Flex resistance number of 
cycles on Ross Flex tester -
a. Initial cracks
b. 600% cut growth 

, Tear strength, kg/cm^

1,3-1.4 
150-160 
400-500 
60 ±5 
+5 - -5

60.000-85,000
100.000-130,000 

30-45

r  specific  Gravity or Relative Density to keep check
It helps to determine *he volume cost mateiials. Specific

on a weighing of compounding ingredi por samples having specific
gravity can be found by following formulations. 
gravity more than one -



Relative density 
W,

or = -
W, -W j 

Specific gravity
For MC sheet or hawai sole having specific gravity less than on - 

W,
Specific gravity = -------------------------

W, + W3 - W, 
where W, = wt. of the sample in air

= wt. of the sample in water
W, = wt. of the sinker in water

= wt. of the sinker + sample in water
2. Hardness TestlRHD (International Rubber Hardness Tester)

This is a widely used hardness test for solid and cellular products other 
than ebonite to find out the hardness of the product.
3. Heat Shrinkage

Test piece of 125 « 5 » 5 mm after splitting all sides is cut After 
conditioning at a room temperature of 27 ± 2°C for 24 hours, length of tet 
piece IS measured. It is then kept in air circulating oven at 100 ± 1°C for 1 
hour. After removing the piece it is cooled for 2 hours at 27 ± 2"C and length 
IS measured again. Shrinkage is calculated as -

Lo-L,
Heat shrinkage = ------------ -----xioQ

L,

Where -  Length of the test piece In mm before heating

L  = Length of the test piece after heating.
4. Compression Set

a lte rn a t lT t^ rH i 9 5±0 2 mm or
abole S '  t Z  fh ?  ' " T . !  'hickness put one
27° 7" r  t  thickness of the samples after conditioning for 24 hours at 
2 7 ^  C. IS measured as initial reading. The samples are p L e d  in parallel 
plate compression apparatus to compression load of 140±1 kq for 24 hours 
After releasing the load final thickness is measured afte“  1 houJ

V t,
Compression set % =  -----------   100



_ Initial thicl^ness in mm 
V*®'® ° = Final thickness in mm.

split .00  X 7 ± 0.2 mm along and across the direction of
n n s  sow in the centre between the top and bottom surfaces for 

sheet is cut. t IS sp a, the end. The
jdistanceof 30 m g^d allowed to

tongues / ‘I 'ta n t  rate of 75 mm per minute. The maximum load is 
aid the arithmetic mean of the four tests in kg is split tear strength.

S sp -sS S s
test, a 2 mm cut in . gogo/„ cu, growth resistance in the

S l ^ ; t r m b e S « ^ ^
growth resistance is recorded.

“ r ; “ “  — ,  0 , . .  » c
aldehyde/amines are evaporated °P®" ^  I, is, therefore, essentel 
of eyes and in extreme cases gives mild s k in  irntatraa^^
that the moulding room should be P^P J  working hours, operators 
with exhaust fan to drive away gas , ,n extreme cases of
should wash their hands and faces with ®
skin or eye irritation, a medical practitioner should be con

Fire hazards due to improper ®‘° g ^ ^ u ld 'b e  properly stabilised with 
reported. It is essential that blowing ^se source and at a cooler
amino compounds. It should be stored away from 
place.

RUBBER TO METAL BONDING „ , „ t l v  in their chemical
Rubber and metal are two as steel are hard, have a

structures and mechanical properties^ strength but poor elongation at
ve^ regular structure and feature ^ ' 9 ^ in tensile strength but 
break. In contrast, rubber is soft^ structure similar to a long
higher in elongation at break an
and inter wined chain. „  niastomer to elastomer, povides a

Vulcanisation, the ^acteristics associated with rubber.



Metal

I'^Tw M*! r

C ij

Elastomer Plastomcr

Fig. 14.9: Metal vs. rubber structure

Fig. 14.10: Stress - Elongation behaviour of steel and rubber

be ccmhTnlT? bonding agents, these two materials can
con^D m sn f^  ?th 7  composites suitable for use as structural

ZnTgreŝ r:e“sttf
automotive indust^rlf^TyF^SleTaTptesTc^^^^^^^ components is the

Engine mounts 

Axle suspensions 
Shock absorbers



^ Flexible couplings 

V, Shaft seals
^ Friction and torsion bearings

uii Metal-reinforced profiles.
o hher to-metal components have also found broad application in other 

fofexample in the manufacture of all Kinds of suspension systems 
' " f .  !rinas tr r  the mechanical engineering and building industries. Typical 
“I S s  are vIbVation damping elements, machine and bndge beanngs or 

hhwLed rollers for the paper, printing, paint, steel afid Jood industnes^ 
u mptal oarts are also used for the manufacture of solid tyres and 

I t k  Mds for caterpiller vehicles as well as in the military industry. Further 
Examples include rubber linings for tanks, piping, flexible tubing and cable

'""'Th ttyp ica l film thickness of the bonding
20 pm (0.8 mil). Compared to the rubber layer to be bonded, this film thickness 
is relatively small.

Ir, the manufacture of the above components, ™bber-to-meta twndmg 
agents only play a minor role from a quantitative point of view but they 
essential in terms of function. nn

Unlike the adhesive 
prefabricated material but unvulcanised rubber
under conditions specific to rubber processing. , „ ™ , r = in th e

During vulcanisation of the elastomer 
adhesive film. This chemical °|a®ct,on partners for the bonding
intemiediate reactions, creates extraordinary strength
process. As a result,
properties. R'^bber-to-me a compone components, on the other
tear resistance values of 1 to 4 MP ^ depending on the type of
hand, may well reach strengths of 10 to 1
elastomer used and other a number of other

Apart from the bond streng . application,
criteria that play a decisive role such
processability and chem^a res automotive industry in

Against the Resistance, adhesive technology as well
terms ° f  -ents soon reach their practical limits.a ss ta n da rd bo n d ig  en ^s

The change in the requirement profile to be met by

bondinTag®"'"
spraying.
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The introduction of injection moulding processes has led 
requirements for tjonding agents such as Improved sweep resistance o r  h'"!*' 
reactivity.

The development of high-performance elastomers or improved or 

linking systems confront bonding agents' producers continuouslv with 
challenges.

So the emission of solvents during the application of bondino aosnt 
increasingly poses problems.

Changing requirements make it necessary to develop more efficieni 
and universal bonding systems. Thus, it comes as no wonder that rubber to 

metal bonding technology can look back on a long and eventful historv thai 
includes- '  ™

I. Etranite
ii. Brass bonding
lii. RFL dip system
iv. Phenolic resins

V Latex/albumin
Vi. Isocyanates

vii. Chlorinated polymers/isocyanates

viii. Halogenated polymers/cross-linking agents
ix. Aqueous bonding agents.

Ebonite Process

to the m i Z  I"® of rubber-to-metal bonding technology dates back 
and still tnH last century. The ebonite process, patented around 185C

vuicanisates with high sulphur contents (35-40%) which are almost 

r e s i t s  applications not requiring special temperature

r e a c h Z n d i n f r n q “ '̂ i«es, ebonite coatings on steel 

Brass Method



Pia. 1 4 .1 : Bonding s.rsngth as a function o, me ta.parature

This technology dates back the of rollers,
thatthis m ethod w a s  used on a commerce 3teei

in the tyre industry, this method is . ^ ^ n o lo g y  are that It requires 
cord-to-rubber bonds. The f b o n d .  In addWon, 
meticulously matched mix fomiulations »  provide *  are
the brass layer, i.e., the copper "  ration and
of decisive importance to the quality o demands on the

Moreover, this bonding easirig right through to the final
preparation of the meta! surface, fro 9 monitoring is imperative, 
^position of the brass layer. Cont™°us ba^
irrespective of the kind of bath used. temperature resistance, bui
method is superior to the ebonite technolog 'n emp 
is still out-performed by latex-albumm bonding syste

Latex-albumin B ond ing Agen ts aHhesives feature the dual
Based on latices and t^^^rno^ot^n ,thes®  ̂

advantage of producing high-strength ( jates back to ttie thirtes^
improved temperature resistance. aqueous system for ad ®
The product, Megum SK, as ^ ‘ rend-sett nĝ _ agents for rnany
at that time, provided a standard ^ r  r u b ^  resistance, especially resistence 
years. However, the demands on chern^I re ,^,3 3^3,3^.
to hot water, oil and fuel, soon ^
Isocyanates, Resins, Chlorinated o y  ^^g^e are a number of other

Apart Ironi the systems tJeso^d g polymers, isocyanates

s re :t“ S . « —



restricted to applications where polar elastomers, e g. acrylonitrile butad' 
rubber (NBR). are bonded to metals or other substrates, isocyanates 
atone or in combination w«h substances sucti as cfitorinated polymers «  
a broader range of applications. ' ®

However, the sensitivity of isocyanates to humidi^/, their slipping in tho 
vulcanisation mould (resistance to shifting) and their susceptibility to ami 
accelerators and anti-ageing additives do not allow universal application ̂  
Already a few hours of storage prior to vulcanisation led to a distinctive 
deterioration in their adhesion values resulting from a reaction of the isocvanat 
with atmospheric humidity (Figure 14.12,)

Consequently modem bonding systems had to be developed whosp 
requirements can be described as follows -

i. Simple, robust processes
ii. Universally applicable

iii. High quality of the finished part.
(Modern Bonding Systems

Normally, modem bonding systems are used as two-coat systems 
They can almost be said to be standard methods. The first coat the so- 
railed pnmer, is applied to a suitably treated surface. After drying, the second 
layer, also called cover cement, is applied. Once this coat has completely 
dired, vulcanisation can be started.

Bonding strengih [MPa]

2 0  4 0  6 0  SO
Storage lime al room (empennurc (h)

Fig, 14.12: in f lu e n t  o f .he a.heslon o, parts coated w it.

Primers

polymers with hTal'r'eTcSÎ^̂^
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^ ^ n ,r  solvents. The metal bond is achieved by physical 
J  °Xaa?s forces) and is decribed by the so-called adhesran 

heat-reactive phenolic resins, a certain percentage of 
«’®“ '^c[,emic?bonds (free methylol groups) can be assumed.

SlfBPeBond^Agjnts^^ based on reactive silanes.

° " t ^ S b ^ n d  is supposed to form by reactions of the stone atoxy 
a on the metal surface. In addton, the react-ve

T S n t s  oUhe sil^ne react with the elastomerto be bonded to the metal

They require more complex bonding systems.

O -H R O  R — •  
\ ^ /

O HRO^ \ ) - R

-O  HRO R -  
\  /

-O  HRO'^'^3

0 -HRO R -  
\  /

0-R

-  0 - HRO/ - o

p v

, 4.» : Bondmg brom m ated or
S uch sys tem s gene ra lly  inclu g.^gn,f,e varying structure of 

• chlorosulphonated polymers ^ the cross-linking system, the
the polymer matrix of the bonding greatly in terms of
cover cements made from the abo
their mechanical properties. differences both in terms of

Depending on the polymer " “ ^3 , ipA.ences are found with a
tensile strength and resistance against externa



specific test mixture. A universally applicable system offering, the high 
strength values as well as excellent chemical and thermal resistance 
not yet been found. This is why several different cover cement systems exh 
and are applied as a function of the type of application. ®

Combined with special cross-linking agents, e.g., polyfunctional nitroge,, 
compounds or isocyanates, these polymers form the bonding agents whose 
properties are adjusted by adding functional pigments such as carbon black 
or lead compounds. In other words, the adhesive itself is already a cross, 
linking system which is activated prior to starting the vulcanisation process 
and which should remain active until the cross-linking process of the rubber 
matrix has been completed.
Analytical Methods
M ethods to  Characterise the A c tiv ity

Up to now, the activity or suitability of a bonding agent for a specific 
application can only be determined by practical tests on a specimen or finished 
part.

Different analytical methods may provide slight differences but cannot 
replace testing of the bond strength.

Solubility Following Thermal Pretreatment
As the cross-linking of the adhesive film advances, adhesion of this 

coat diminishes and drops to zero upon completion of the corss-linking 
process On the other hand, cross-linking reduces the solubility of the 
adhensive in organic solvents. This method can be used to quantify the degree 
of cross-linking.

In this test, metal parts are coated with a bonding agent and this film 
is cured at a defined temperature and varying periods of time. Following 
this thermal treatment, some parts are subjected to adhesion tests aii 
some to treatment with organic solvents to determine the degree of cross- 
linking.

Figure 14,14 shows the dissolution graph and the corresponding results 
of the adhesion test. The values determined at a temperature of 170°C cleariy 
show that as the bond strength decreases the higher the degree of cross- 
linking of the film is, which is equal to a reduction in the amount of the soluble 
bonding agent.

The two graphs almost coincide at a vulcanisation temperature of 
190°C (Figure 14.15). Compared of Figure 14.14, it also shows thatihe 
speed of the cross-linking reaction is dependent on the vulcanisation 
temperature.



F,g. U .14 : Reactiv ity  of the adhesive Aim fo llow ing curing a. 170-C

The resu ltin g  g raphs ^
isothern. and  a re  thus  s im ila r to rheon^eter graphs. y 
describe the  reac tiv ity  o t the  adhesive film.

F ig , 14 ,1 6 :
R .ac llv ity  of the adhesive film  fo llow ing curing at 190-C

betw een the ,(jerably as a function o f the  e las tom er and croos
graphs The result of the bond adhesion test o f a given com pound

ca n n o t'b S I^d T c te d  on the b a ^ s  o f the d issolution graph.



D iffe ren tia l S canning C alorim etry

Another method to characterise the activity of bonding aqe 
differential scanning calorimetry (DSC). Differences between the b" 
systems are found both in progressive (Figure 14.16) and in isoth'''*"'^ 
temperature control (Figure 14.17). In the former, the reactivity of a 
can be characterised by the location and the intensity of the registered peak^

The location of the peaks serves as an indicator for the starting point t 
a reaction. The peak intensity is dependent on the reaction enthalpy th 
acting as an indicator for the thermal heat released in the course of th* 
cross-linking reaction.

Figure 14,16 shows that bonding agent 2 is a more reactive system 
Reaction already starts a low temperatures and there is more heat released 
during cross-linking.

Fig. 14.16: DSC of bonding agents, progressive temperature control

Figure 14.17: DSC of bonding agents, Isothermal temperture control



mP aoplies to measurements at constant temperatures, Dunng 
Tf’® f  "stion the energy released during the cross-linking reaction is

a  function of time.
» 14 17 shows that the cross-linking reaction of bonding agent2 
muc^ ear°er point in time thus having an impact on process 

«Oabilft̂ . in addition, it proves that this type of adhesive is suited for quick-

acting only describe the reaction v îthin the adhesive
c  °TTto what was stated for the dissolution cun/e, these measurements 

"  e o lrn lyU ited  indicative value for the corresponding bond strength. 

e lim ina tion  o f  the  Phase B oundary Using X-ray Methods

Combined with EDX (energy-dispersive-X-ray equally

' ' " C o i ^ p C t  s'hown by meanŝ ^̂ ^̂ ^
the element distnbution within a defined P measurements. Hence,
rayd is trib u tio n  pictures which a ls o a llo w fo rq a n ^

X-ray emission can be used
elements by energy dispersion ® " description of the phase boundary
In order to use these analytical boundary first has to be set
between rubber, bonding agent and meta ,

Taking the examples discussed Subsequent analysis
by mechanically destroying the surface at the bonding agent/
To facilitate rupture and obtain an eve „|ie d  to a ground metal surface, 
metal interface, a standard bonding agent is ̂ PP"®  ̂ °  .^e

No primer is used because ggent Fractures are made
interaction between the rubber and compound to the metal substrate
after bonding a sulphur cured natural rubber comp
during vulcanisation. ^^ch a surface,

Figure 14.18 shows the elec ^
focusing on, an enlarged section. For a quan^ 3, ̂ ;„erent points
concentration, element-specific X-ray points of measurement -
of measurement (points 0-16; spacing between P

4 microns). examination The elements
Figure 14 19 shows the of a bonding agent, namely

determined by analysis are typical components



chlorine and bromine, as well as zinc and sulphur which are typical for th 
rubber matnx. As expected, the concentration of the halogens chlorine and 
bromine is highest within the bonding agent layer. These elements are also 
detected in the rubber matrix whereby their concentration continuously 
decreases as the greater the distance to the adhesive/rubber interface

IM M 4 I1 1  I I  ia ^ ; 7 6 $ 4 , i3

b  (section from  a)

Fig. 14.18; SEM picture of a phase boundary between rubber and bonding 
agent

Fig. U,.19: Element distribution along a chain of measurement. EPX analysis 

In the rubber layer, the elements sulphur and zinc are found at rather 
constant concentrations The concentration of these two elements is 
considerably higher at the interface between the bonding agent and rubber 

The X-ray emission picture showed the same results Figures 14,20 
and 14,21 shows the quantitative disthbuton of the elements zinc and sulphur 
The white spots indicate that the element in question is detected A significant 
concentration of zinc and sulphur is clearly visible around the interface between 
rubber and the bonding agent

Polyfunctional nitrogen compounds play a decisive role in the cross- 
linkage of bonding agents. Hence, nitrogen is a typical element found in
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I bondingagents. Microprobe analysis allows a quantitative

atthe interface adhesive/rubber diffusion from ttie rubberto
The above-described effects ,nd,cate ̂ a .d ,ff^  ^

the bounding agent a d S e  diffuse towards the adhesive/w^^^^^
Furthermore, componets ,,ber matrix (chlorine and bror^me^
interface (nitrogen) and even °  ^  degree of harden,ng at the
Diffusion of zinc and sulphur exp



But also the formation of chemical bonds by co-reaction of the polymer 
of the adhesive with the rubber matrix, or cross-linkage by polyfunctional 
nitrogen compounds, cannot be excluded.

"  ' On 15n 20ji 25n 33m,  4')^ ■
to the ii«erl;icc liclwo n 

' slccl-boiidiiig aj;cn l

Figure 14.22: Element distribution along the points of measurement of the 
m icroprobe

However, the statements made on the basis of the above phenomena 
can only be used as working assumptions. Even with the highly efficient 
methods of analysis available, it is still not possible to determine the impact 
of physical, chemical and other reactions on the bonding strength by 
quantitative measurements. We are still very far from being able to give an 
exact account of the bonding mechanisms which occur in rubber-to-melal 
bonding. .

CELLULAR RUBBER

Cellular rubber products are probably more varied than any other rubber 

product In addition to the normal technological differences between one rubbef 

formulation and another, the degree of expansion causes significant changes 
in the properties and these are further varied by the cellular structure, which 
may be open or closed. To help appreciate the differences between one 
cellular material and another, reference may be made to the glossary of 
terms in BS 3558.

Cellular rubber is defined as a mass of cells In which the matrix is 
rubber. The three main classes of cellular rubber are foam, sponge, 
expanded rubber. Foam rubber is particularly defined as product made from



li„uid starting materials; the best example being latex foam, in which the 
cellular structure is intercommunicating.

On the other hand, both sponge and expanded rubber are made dirertiw 
from solid starting materials; the essential difference is that the p ro d u S  
method for sponge gives rise to an open or intercommunicating structure 
whereas the term 'expanded rubbed is applied to those materials which have 
a substantially closed cellular structure. It is unfortunately common in the 
literature for the terms 'foam' and 'sponge' to be used to describe closed cell 
products. This confusion can only be resolved by studying the processinq 
details or the properties of the end product.
Expansion Tech n o logy

To appreciate the refinements in technological formulations and the 
control of processing conditions in all types of cellular rubber production, it is 
imperative to have some understanding of the expansion process itself.

The exparislon technology of cellular rubber is conveniently divided into 
two sections, covenng foams on one hand and sponge and expanded rubbers 
on the other. The link between the V o  is the gas phase, which may be air, 
carbon dioxide, nitrogen, or ammonia, each of which has special functions iri 
individual circumstances Furthermore, they are not always interchangeable. 
It is essential, for example, in closed cell products, that the entrapped gas 
does not diffuse rapidly from the cells and allow collapse of the structure. The 
most suitable gas, next to air, is nitrogen. The gas phase may be introduced 
by beating in air, by dissolving nitrogen in the rubber under high pressure, or 
by the generation of various gases from the decomposition of inorganic or 
organic chemicals dissolved or dispersed in the mix. The timing of the 
expansion step is critical, and careful control has to be exercised over the 
rherological properties of the mix if high-quality products are to be achieved 
at an economic level or production.

Blowing Agents
The eariiest chemicals employed as blowing agents were inorganic, 

such as sodium bicarbonte, which gave off carbon dioxide gas and was used 
to produce sponge rubber. Nowadays, particularly for expanded rubber 
production, organic substances are used, primarily because they are more 
readily dispersed in rubber and because the major gaseous decomposition 
product is nitrogen, which has a lower diffusion rate than carbon dioxide. The 
essential features of blowing agents are the yield of gas per unit cost, the 
tiecomposition temperature, the composition of the gases given off, and their 
effectiveness in producing uniformly fine cellular structures.

A number of gas-liberating chemicals, including sodium carbonate, 
petrol, and metal hydrides and peroxides, have been tned in latex foam, but 
^ ^'"m ercia l processes rely on mechanical air-foaming techniques.



But also the formation of chemical bonds by co-reaction of the polv 
of the adhesive with the rubber matrix, or cross-linkage by polyfunctiiT^^ 
nitrogen compounds, cannot be excluded.

Figure 14.22: Element distribution along the points of measurement of the 
m icroprobe

However, the statements made on the basis of the above phenomena 
can only be used as wori<ing assumptions. Even with the highly efficient 
methods of analysis available, it is still not possible to determine the impact 
of physical, chemical and other reactions on the bonding strength by 
quantitative measurements. We are still very far from being able to give an 
tonding^'^°^"' bonding mechanisms which occur in rubber-to-metal

CELLULAR RUBBER

Drorii ,? in  P''0bably more varied than any other rubber
fom uiitinn differences between one rubber

significant changes
in the properties and these are further varied by the cellular structure which

™ lula^ material an°d ano[h differences between one
t e l i  i^BS  3^58 ‘he g lossa l of

Cellular rubber is defined as a mass of cells in which the matrix is 
rubber^ The three mam classes of cellular rubber are foam sponge and 
expanded rubber Foam rubber is particularly defined as product made'from



materials; the best example being latex foam, in which the 
“’“'‘I f  swcture is intercommunicating.
*  .  ^.hPr hand both sponge and expanded rubber are made directly

! t3rtinq materials; the essential difference is that the production 
s o l id  siaK M intercommunicating structure,

method %^pande njbber' is applied to those materials which have
rlosed cellular structure. It is unfortunately common in the 

'  ' “ f r f fo r  he temis foam' and 'sponge' to be used to describe closed cell 
T s . This confusion can only be resolved by studying the processing 

details or the properties of the end product.

Expansion Technology
To aoDreciate the refinements in technological formulations and the 

control of processing conditions in all types of cellular rubber production, it is 
“ ^rative to have some understanding of the expansion process itself.

The expansion technology of cellular rubber is conveniently d^ided into 
hvo sections, covering foams on one hand and sponge and expanded rubbers 
on the other The link between the V o  is the gas phase, which may be air 
carbon dioxide, nitrogen, or ammonia, each of which has special 
individual circumstances. Furthermore, they are not always interchangeable^
It is essential, for example, in closed cell products, that the entrapped gas 
does not diffuse rapidly from the cells and allow collapse of the struc ure The 
most suitable gas, next to air, is nitrogen. The gas phase may be introduced 
by beating in air, by dissolving nitrogen in the rubber under high pressure, 
by the generation of various gases from the decomposition 
organic chemicals dissolved or dispersed in the mix. The timing ot t 
expansion step is critical, and careful control has to be exercised over 
rherologicat properties of the mix if high-quality products are to be achievea 
atan economic level or production.
Blowing A gents

The earliest chemicals employed as blowing agents were inorganic 
such as sodium bicarbonte, which gave off carbon dioxide gas and was use 
to produce sponge rubber. Nowadays, particularly for expanded rubber 
production, organic substances are used, primarily because they are more 
readily dispersed in rubber and because the major gaseous '^ecomposmon 
product is nitrogen, which has a lower diffusion rate than carbon dioxide^ l ne 
essential features of blowing agents are the yield of gas per unit cost, t e 
decomposition temperature, the composition of the gases given off, and their 
effectiveness in producing uniformly fine cellular structures

A number of gas-liberating chemicals, including sodium carbonate, 
petrol, and metal hydrides and peroxides, have been tried in latex foam, but 
all commercial processes rely on mechanical air-foaming techniques.



Foant Rubber
The production of a foamed latex depends upon the inclusion, in a 

latex, of gas bubbles which are Initially discrete and non-communicating, to 

enable an increase in volume to take place but which, in the end-product, are 
open and interconnecting and give the resulting foam its unique properties.

As foaming takes place, competing conditions exist between the 
formation of further bubbles, the breakdown of existing bubbles, and the 
densification of the rubber phase by flocculation. When conditions are 
optimised, it is necessary to gel the latex and, at the same time, control the 
breakdown of the air phase such that an interconnecting cellular system is 
produced. Finally, the gelled interconnecting foam is vulcanised.

The expansion technology of the competitive polyurethane foam closely 
resembles that of latex foam, but with the important differences that a highly 
regulated set of chemical reactions is used to produce the gelled polymer 
and that one of these reactions may be used to generate carbon dioxide as 
the pneumatogen. The high rate of diffusion of this gas through rubber makes 
it necessary that cell rupture is guaranteed; this is sometimes achieved by 

physically crushing the cell walls.
Sponge and  Expanded Rubbers

The production of sponge and expanded rubbers indicate a requirement 
for a low-vlscosity formulation. Figure 14.23 shows the qualitative relationship 
between the degree of expansion of a particular mix and its rheological 
properties as measured by Mooney viscosity. For the sake of simplicity, it 
has been assumed that the expanding gas is completely available for 
expansion at the appropriate level of viscosity. In practice, it is generated 
progressively over a period of time and the viscosity increases as the rubber 
is cross-linked by the vulcanisation reactions.

Fig. 14.23: Viscosity against degree of expansion for cellular rubber



, ,, ,„g T e c „n i,u e s  o f Rubt,er Products

* f viscosity the low strength of the rubber matrix allows
At low levels °  ^  escape from the matrix, leaving a coarse

gas bubbles to c expansion. If a more
structure ^  rnatrix, first of all, withstands the expansion

„ 5C0US M '"P° „  Jnough to increase the degree of expansion, but eventu^ly 
,„rcesofthegases eno g viscosity, the forces with ;n the

' f i e  enough to prevent sponge formation and a fine closed cell 
^bberarela geen g ^ viscosity, the gas wi l be
p rod uc t results  ̂ contained within the matrix at pressures h.gher than 
'®'‘''nheric pressure leading to a reduction in the degree of expansion.
a tm o sp  . , . , , , i ^ , p c h a r a c t e r o f F i g u r e 1 4 ,2 3 i s s t r e s s e d , a n d i t s h o u l d

the specific parameters 
™ crntrol a p a rtL te r mix. Mooney viscosity has been used here 

" '“ l iu X a t ir o th e r  measurements such as Wallace or Williams plasticity 
'IT a  so be the important consideration is that the parameters

t « r r r r £ = —

would be retained but Its quantitative aspects would differ
The choice of blowing agent is important. The use of bicarbonates for 

sponge rubber production has already been described, b^t mtrogen blo«ng 
agents may also be used. All closed cell products are expand^ I s ^ S  
gas. In both sponge and expanded rubber production the g " = *  ^  
available at the viscosity level best suited to the P^°^uct being expanded 
careful balance must be struck between the decomposition 
the blowing agent and the temperature reltionships of the vulcanising y 
adopted.

To summarise, it.can be stated that the optimum theological condton 
for a mix depends upon the polymer, its viscosity, the amount of sonene 
used, the level of fillers, the curing system, and the blowing agent, not o g 
to take account of the Interaction of the latter with the curing system.

Density Variation
Cellular products are usually heterogeneous to a much higher degree 

than other materials, and it is not unusual to find variations in the degree o 
expansion throughout a moulded product, leading to a ± 2% spread in i s 
properties. When a mass of cells are produced, the shaping of the ce u a 
matrix within the mould is aided by the internally generated expansion .orces. 
The gas pressure in the cells causes the matrix to move progressively to the 
surfaces of the mould, where gas diffusion and partial or complete collapse of 
the structure occur. This situation allows more matrix to move outwards from 
its centre to the surfaces until equilibrium is attained. The effect is more



limited with sponge because of its open structure, but, neveniieless, the 
qualitative density variation represented in Figure 14.24 can be detected to a 
greater or lesser extent in all cellular products. A fiigh-density structure with 
elliptical cells parallel to the moulded surface is produced at the surface, and 
a lower density with spherical cells exists in the centre. Complex mouldings 
obviously have very complicated density contours.

The density differential effect is not so important in whole mouldings 
because it is the integrated property which is under consideration. It assumes 
greater importance in slab stock which is sliced into thin sheets for later 
fabrication work: dimensional changes take place as the stresses due to the 
differential are relieved. These changes are not always instantaneous and 
are often aggravated over a period of time by a further dimensional change 
due to gas diffusion. The total change varies considerably with the product 
but can be upto 10%.

of
moulding

of
moulding

of
moulding

Fig. 14.24: Density against cross-section for cellular rubber

(Manufacture 
Sponge Rubber

Sponge rubber production follows normal mixing practices except that 
the highly plasticised formulations create sticking problems. Mixing in internal 
mixers is preferred to open mill mixing, and peptisation is commonly adopted 
to reduce cycles to an economic level. This procedure, however, creates 
some problems because of the difficulty of obtaining precise control over the 
level of viscosity required. Synthetic rubbers, particularly SBR are widely 
used because they are supplied at low viscosity levels and are more consistent 
than natural rubber To assist in achieving the low viscosity, it is common 
practice to incorporate high proportions of oil (50-100 pphr) of suitable 
compatibility with the rubber The information on the formulation of compounds



C '^n'ne Droducts include carpet underlay, industrial sheet, t™>u'  ̂  ̂j i .  
automobile sealing strips. The mixed batches are pr<^ssec o- 

l^ le n d e rs  to give the required section or sheet stock from v, 
eKtnidefs o . 1̂  applications requinng a tough outer skin, such as
the blanK P P ,„|thout blowing agents in calendered sheet

ed to C sV o n g e  profile. This process has limitations becau^ of 
ra 'lren fa? fxpansion  behaviour of the two materials during the mould.ng 

is overcome for example, in better quality sohng, by first 
S h e  solid «  in the mould, followed by the expansible blank.

The curing and blowing of the sponge is earned out either f r ^ l y j  m a 
which is only partially filled with the moulding compound. In the free

S " o d , t h e 7 e L n i s L a ^ ^
usually shows considerable dimensional variation. In the moulding ope'^tioa 
atrial L d  error procedure is adopted to determine the mould 
necessary to produce a product with the desired P ^P e rtie ^  Sponge 
compounds are not usually highly blown, and a volume °
common. Adequate venting of themould and liberal
agents enable air to escape freely from the surface of the matnx and so avoid 
the formation of surface blisters.
Expanded Rubber

Closed cell products are manufactured as sheets, 
moudlngs, and in many ways follow the sponge manufacturing methods^ 
except that the viscosity control values are higher; the fluid bed pr ^ 
are used to manufacture profiles and moulding machines to produce footwea .
A fuller description is given below of two methods of manufactunng industnai 
sheets by the nitrogen gassing and chemical blowing techniques.

Nitrogen Gassing
Normal processing methods are used to produce a calendered or 

extruded slab of rubber. Expansion of the slap is not usually isotropic, an 
careful control is exercised over the dimensions, residual strain in the s a , 
and its viscosity, to ensure that the dimensions of the finished expan e 
sheet are those required. The value of a typical linear expansion ratio tor an 
industrial sheet of expanded rubber suitable for slicing and punching in o 
gaskets is 2.0, giving a cubical (volume) expansion ratio of 8.0. In other 
words, a natural rubber formulation with a solid density of 1200 kg/m is 
expanded eight-fold to a density of 150 kg/m’ .

The calendered or extruded slab is placed in a high-pressure vessel, 
and nitrogen gas at a pressure between 140 kgf/cm^ and 700 kgf/cm’  is 
introduced. The vessel is heated for upto 24 hours at temperatures between



100”C and 130”C to effect solution of the gas in the mix. After cooling, the 
gas pressure is released, causing the slab to expand partially. The expansion 
is completed by further heating of the slab in hot air or on a plate. The initial 
expansion of the slab takes place under relatively low temperature conditioris 
and is an important difference from the chemical expansion procedure where 
expansion tal<es place hot. The fully expanded sheet is then cured either in 
hot or in a frame mould to obtain more accuracy in the final sheet dimensions

Gases other than nitrogen have been used in this process, but the 
products suffer from considerable shrinkage. Nitrogen is preferred because# 
is an environmental gas and there wilt be the minimum interchange between 
the enclosed gas and the external atmosphere.

Use of Chemical Blowing Agents
The processing also follows the normal methods, except that a blowing 

agent is added to the formulation. It is important that mix ingredients are 
adequately dispersed to prevent the production of coarse celluiary structures. 
For sheet production, the extruded or calendered slab is partially vulcanised 
in a pre-form mould; during the heating cycle, the blowing agent decomposes 
to give off nitrogen and other gases, which remain dissolved in the rubber 
because of the high specific pressures used in the pre-forming operation 
The dimensions of the pre-form mould are as important as the extruded 
dimensions in the nitrogen gassing process. When the press is opened and 
the sheets 'explode' hot from the mould, the expanded dimensions relate to 
the original pre-form mould cavity dimensions. In some-pre-form mouldings, 
specific pressures as high as 350 kgf/cm^ are used to prevent premature 
opening of the press. In formulating the compound, a balance has to be 
achieved between the rate of evolution of gases and the partial vulcanisation 
of the rubber which takes place in the pre-form operation. The expanded 
sheet is finally cured in a frame mould where the specific closing pressure is 
as low as 0.35 kgf/cm*.

Reference has been made earlier to the dimensional stability of expanded 
rubber. The size of a fully expanded sheet is typically 1 m » 1 m * 30 mm 
and when this sheet is subdivided into thinner sheets by a splitting operation, 
the split sheets can shrink by as much as 10%. One of the methods used to 
minimise this problem is to heat mature the vulcanised sheet in an air oven at 
an elevated temperature. As a major part of the maturing treatment requires 
gas diffusion to take place, the cycle is necessarily a long one and can be 
upto 24 hours. In some cases, an alternative lengthy maturing cycle of 4-8 
weeks at room temperature is used.

SPORTS GOODS

Many items of sports equipment incorporate rubber in some form; the 
grips on golf clubs and cricket bats, the bladders in footballs, and the pimpled



^„,lactun examples. The largest quantities of rubber
surfaces manufacture of balls for the games of tenn,s and
jfe, however, use 

golf.

T e n n is Bails essentially of a hollow rubber core covered with a
^ ‘® T \ ^ o s e d  o f^ o ta n d  n^lon. The following specification is met 

d o « i 20“C and a relative humidity of 60% -

ii. Weight, 2-2 oz (56.70-58 47 g)

iii Rebound from'^00 in (2.54 m) on to concrete, 53-58 in (135-1.47 m)
a. Deformation under! 8 Ibf (8 2 kgf) load, 0.230-0.290 ,n (5.85-

10.8 mm). . .

» 4 B ,  ”  “ " x r i "

‘Stevens' machine.
Two distinctly different types of tennis bails 3'’® ^  about 0 7 Kgf/

that is most common has a core pressurised with air g g^nsed or
cm ^ ab o vea tm o sp h en cp ress u re .T h eseco n ^ p eh

'pressureless' core, having the advantage that its p y nressurising 
retained over indefinite periods of storage. Permea i ... j j storage
gas causes he pressurised type to become softer and 
over periods of a few months, unless it is kept in press

The two types are made by similar ^ “ 'j^'l^^ag^athicker-
compounds are used for the cores and the .,0 nigh-styrene
walled core. Compound fonnulations are given in Table 14.1 g (he
resin imparts the required stiffness to the core compound to achieve 
necessary rebound and compression characstristics.

The compounds are nonnally fomned into blanks of ^p^gs^i^n
extrusion and pelletising process, and hemisphencal shells P
moulded and vulcanised at a temperature of 150'C. The ^ g  
are abraded and coated with a vufcanlsing aibber solution wo ^
joined together to form each core and are subjected to a further press 
operation to vutoanise the joining solution One of the two alternative metnoas 
is us^fi for pressurisation of the pressurised type of core



Ingredients Pressurised core Non-pressurised core

Natural rubber 
6PF black 
Clay
Zinc oxide
Sulphur
DPG
HBS
Cure

100,0

30.0
32.0
9.0 
3.5
2.0

1.0

2-1/2 min at 150*C

Natural rubber
High-styrene resin
Kaolin
Stearic acid
Sulphur
Accelerator

Cure

100,0

30.0

20.0

2.0 

2 5
1.0

4minat150'C

I. Pellets of sodium nitrite and ammonium chloride are inserted inside 
the core before it is closed. During the subsequent press moulding 
operation, the chemicals are activated by heat to form nitrogen which 
pressurises the core.

ii. The shells are mounted separately in the platens of a clamsheeli 
press, and compressed air is introduced to each core by the following 
sequence of operations - the press closes until the pairs of shells 
are almost touching, when a rubber seal around the periphery of the 
platen area is actuated to isolate the platen area from the outside 
atmosphere. Compressed air is then introduced into this area, and 
the two halves of the mould are brought together so that the 
compressed air becomes sealed inside each core

in fla teS odu ^

•chemT™?m^h P^^ssurisation offer different advantages. The
bv ^  but, on occasion, the
by-products of the chemical reaction crystallise and produce 'rattlers' The

S rT w T n o  ^ - r e  t " e s  “  n "  to 
areater maw nf m t ®''''®^3®'iient and consequent
a X m ^ T ^ e  "^VPica, cure times

Chemical pressurisation 4m inat150"C
Compressed air 16minat50»C

After this stage, the further processing is identical for both pressurised 
and non-pressunsed balls. The moulded core is fir«  I ^

a 1 ^ i S ; ; a = " i : : - ' ° "  "  ‘^ - - < i o n 1 s  th \^A



„ inth is made from weft yarns of blended wool and nylon 
Tennis ball cio ^  ^ manner that the weft appears

.,»n into a fabric.Thissideofthefabrioisthengivena

^  ■ rfio co fth e w o o i to  g ive  in.«. .w ..— ---- --------
flight and wearing properties. For adhesion to the core, the 

^ ^ S t h e  cloth is spread with a vulcanising solution and dumb-be^ 
blanks are then stamped out. These are arranged into packs and 

shaped blanks vulcanising solution by a dipping process. It is

.0™ . «  » ” " "  “  « • ” "
Two dumb-bell shaped pieces are applied to each ball, the first by a 

unti^oerated jig and the second, purely by hand. This operation must be 
I r L  SStwith extreme precision if rejects are to be avoided in the subsequent 

S ^ S i T e r a t i o n .  which iscarried out at 130"C for 12 es to 
Licanise the cover to the core and form the searn. moulded ball ® 
steamed to raise the nap and to remove t h e  mouding line. It is then tested for 
compression before applying the transfer marking and boxing.

It IS interesting to note that the operation of making a tennis ball involves 
tiree separate moulding operations -

a. The hemispherical shells

b. The core
c. The covered ball.
Mouding conditions and compound formulations take recognition of this

fact

Golf Balls
Golf balls were originally made by stuffing feathers 

containers: they were first made from solid gutta percha in 1 8 ^ . P
^ a y c o r e - w o u n d b a l l d a t e s f r o m t h e b e g i n n i n g o f t h e c e n t u r y ,  o m  „

It has remained basically unchanged. During the last few ye made
have been reintroduced using modern materials, and these 3''® 
alongside conventional wound balls. The latter are. however, s i 
type acceptable to the majority of golfers

'goS balls are made to meet specification laid down by “ ntfolling
tha't the ball must weight not more than 45.9 g (1 6 

specification for the diameter differs as follows - 
Not less than 41 15 mm <1 62 in) 

or
Not less than 42,67 mm (1,68 in)



Compared with a tennis ball, the specification for a golf ball is relatively 
simple and arises from the fact that, other things being equal, he smaller and 
heavier a ball, the further it will go. Manufacturers (in particular, those making 
41.15 mm balls) are, therefore, encouraged to make balls as near as possible 
to the maximum weight and minimum size allowable so as to achieve the 
maximum flight length.

Certain properties cannot be adequately covered by specifications. Such 
properties are ‘feel' and 'click' (which are subjective assessments of the 
club-baii contact), flight pattern (which depends upon the rotational inertia 
and aerodynamic qualities of the ball), and durability. Such qualities come 
into the category of 'know-how' perfected by individual manufacturers.
Conventional Wound Golf Balls

A 'wound' golf ball consists of four components - 

The centre
The windings of rubber thread 

The cover 
iv. The paint and markings.

Each component has an important contribution to make to the properties 
of the finished ball and these will be considered in turn.
i. Centre

The centre must be the nucleus for the winding operation. It must be 
large enough for this purpose, but not so large that the resilience of the core 
is adversely affected. It must contribute a significant amount of mass to ihe 
ball because the overall ball weight and rotational inertia are largely dictated 
by those of the centre. 
i7. Windings

Rubber thread used in the winding of a golf ball must produce the highes 
possible resilience in the ball core. The thread, normally based on natura 
rubber or a blend of natural rubber with c/s-poiyisoprene, is made by dry 
rubber or latex techniques on the cut thread principle.

The percentage of c/s-polyisoprene is limited tiy the requirement of 
good chafe resistance necessary for the winding operation. A typical dry 
aibber' thread formation based on natural rubber is given in Table 14.11

Table 14.11: Golf ball thread formulation

Nature rubber 100.0
Sulphur SO
Aldehyde ammonia 0.5
Cure 150minat130"C



h „ /o u e s  of Rubber P ro d u c ts

„ufacW»"S nf 0 5 mm *  1.6 mm for modern direct
* mread is cut to wourid onto the centre. OlderT i  ^hich one continuous

th e  latex bag type.

* " : c . e r o f a g o l f . a . p ^ e s ^ - - ^ r ^

runted on a core, and the ^s^emb y is ^  3, ^  to each

Vulcanisation of the c o v e r g ^ g | _ 3ff,oLjrs at a temperature of 32 a  
balls to carbon bisulphide vapour for process, in which the
The mechanism of the process ,s and zinc oxide to form zmc
carbon bisulphide reacts with a secon 17 , by putting the balls m
diethyl dithiocarbamate. Vulcanisation is complet

ovens for 48 hours at a temperature of tgj-hniques must be used
With other plastic materials, special moulding techniq 

to avoid the problem of thread degradation

iv. P a in ting  a n d  M a rk in g  ^ n m o r e s s i o n ,  before being
The balls are carefully graded for is then applied by rotating

given a paint re-treatment. White P°'vureth P oscillates
L  balls, held by metal prongs, in "pg'], s'rface. The name and
through the arc o f  a circle with a clear polyurethane
numerals are stamped on, and the ball is fmishe 
coat, wrapped, and packaged.

S o lid G o lfB a lls  ,hPnastto produce acceptable golf
Many attempts have been made m t P (-ore winding. These

balls by m.ethods other than the complica P (-lick' The
have generally failed due to inadequate g resilience with extremeproblem is to dev ise a compound which combine^



hardness and toughness. A material in a combination of certain monome 
with an elastomer and a polymerisation initiator of the free radical type Th* 
monomer is selected so that it is capable both of cross-linking the elastome 
and of itself undergoing further polymerisation. Silica is used to adjust th ' 
gravity and to reinforce the compound. Typical formulations for a 42 67 m  ̂
ball are given in Table 14.12 "im

Table 14.12: Typical mixes for solid golf balls

C/s-polybutadiene 
Butylene gfycol

100.00 C/s-polybutadiene 100.00

dimethacrylate 56.20 Dtvinyi t>enzene 62.50Silica 37,50 Silica 62,50
Dicumyi peroxide 3.13 DIcumyl peroxide 3.13
Cure 10minat150°C Cure lOmin at 150’C

° f  these balls is extremely good by the

It is interesting to note that, because the solid ball is homoaeneoi.c. in 
ronstruotion, its rotational inertia differs from thatof a conventional core wound

CABLES

. e t a i i c ^ o r r  i T o t *  ^
formulated primanly with regard to its etecWcal nm ! ^  compound
jacket formulated primarily with regard o t  m lcT an t= !f'' ^
formulations, the primary consideration.: i n properties; in both
conditions. “ nsiderations are influenced by other environmental

In the period when natural rubber was the 
insulation to paper, its use developed in th L e T rT ^ ^  I
conductor sizes were appropriate-as in liah tim t T  ®
distribution. These are areas where its greater manuffcTurrl
covering small wires and the greater flexibility of fhe
the maximum advantage. resultant cable shows to



1  since it provided o u t e t a n ^  retardance, weathenng,
nds under three universally as the sheath

r ; S  resistance, Consequently^'t^wa^^ ^ ^ ^

âtenal for mining J (,le s  in workshops and in farm winng Its
extent in, for '^stance deterrent to its use as an insulant, although

used im m ediately  on the c o n d u c to r^  Insu lation system  is

S “ IP M -C S M  .n d  .R -C S «  ”

applications, economics largely determine th orades are
In this field, natural rubber holds sway; .g ^ g g g a ry  for sheaths,

satisfactory for insulation, ^'ffiough l e s s  stringency vulcanisation has
The growth of bulk production methods, ® ,9- a n j reliable grading
put emphasis on uniformity of quality and p P o f  considerable
schemes such as the standard Malaysian rubbers have been

assistance, , j  cables
Illustrative of the general purpose cables are -|-he wiring of

(BS 6007) and flexible cords for portable aPP 3,30 outstanding
domestic, commercial, and general ,gct,on of materials. It is in
example of the dominance o f  economics in the s ^  j,as largely
this area that the use of the thermoplastic PVC 
replaced that'of elastomers.

Special Purpose Cables Oailwav
The principa l app lic a tio n s  Include shipping, al f,'|p ̂ jnng,

signalling, loco and r o l l i n g - s t o c k  w inng^R a ilw ay  track fee^ poor distribution, 
lift wiring, w eld ing  e le c tro d e  leads , medium voltage ( I 0 KV) p



X-ray tube supply, ignition (car, internal combustion engine, aircraft) coil 
leads, etc.

The salient design requirements forspecia! purpose cables are as follows
i. Heat resistance is defined as resistance to degradation and/or 

permanent deformation. Ageing Is related to the life of the cable 
coverings at the maximum continuous operating temperature

ii. Under the heading of electrical requirements are included dielectic 
strength, volume resistivity, permittivity, dielectric ioss, and corona 
resistance. Mechanical requirements cover tensile and compression 
stresses, abrasion, cut, tear, shearing, and flexing. Oil resistance 
also includes resistance to solvents.

iii. Fire resistance is meant to be the ability of an insulation system to 
operate for a limited time during, or after, a fire involving the cable as 
distinct from flame retardance, which is the capability of a covering 
to prevent the propagation of flames.

iv. In the special purpose category, electrical, environmental, and 
mechanical performance requirements can limit the choice of polymer 
to a small number, leaving economics as the ultimate arbiter, or can 
narrovi^ the choice to one polymer with very limited scope for 
compound variation, in'espective of price.

A geing and  Heat Resistance

The maximum continuous operating temperature of cable is the sum of 
the maximum continuous ambient temperature and the temperature rise in 
the conductor due to the maximum current rating of the cable For general 
purpose cables, the maximum is approximately 60°C, and for the special 

85-90"C. n r , its alternatives, and CR are used for the former, 
EF=r̂ , HR, CR, and NBR-PVC for the latter. A much smaller temperature 
^  purpose cables with operating temperatures in the
range 100-160 C is satisfied by silicone njbber compounds. These temperature
vpa^n'^H on >0 be associated with a life of at least 10years, and usually 20-30 years.

NR h l t “ ' a c c e l e r a t e d  ageing and natural ageing of 
of^hp A r^ fn  ® experience. From this knowledge and the application 
aaeinn oMained from extended accelerated
for thp ^  possible to establish a logical basis
elastompre accelerated ageing requirements of the new
rar^oound. J p  r  i'^sulation and sheathing
S i n  Rnnfp ' mo Arrhenius plots are also
given in Figure 14.26 for HR and EPM insulation compounds in current use.

e lonaatton^!.rhl°L '‘®"" "®ed, usually in terms of
elongation at break, since electrical failure of a cable results from the



nanical consequence of ageing degradation. The different shapes of the 
Pina curves (Figure 14,25) render the old two-point test inadequate, and a 

I  DOint test to define the maximum slope, once the rate of ageing is 
bHised has been adopted {BS 2899, Part 4; BS 6899).

Figure 14.25: Characteristic ageing of various polymers

Because of the different mechanisms involved in the ageing behaviour 
of the different polymers and compounding systems, and because of their 
temperature sensitivity, the linear Arrhenius relationship (reciprocal of 
temperature proportional to the logarithm of time) holds reasonably well only 
over the lower part of the temperature range, representing continuous operating 
conditions Hence, the results of short-tenn tests used to specify heat ageing 
behaviour at normal operating temperatures are inadequate; where heat 
resistance is a design factor, tests to simulate service conditions, consisting 
primarily of conventional ageing procedures carried out at temperatures 
considerably above the maximum continuous operating temperature, have 
been introduced. In ageing tests generally cable samples are usually included 
so that studies can be made of the catalytic interference of the conductor 
metal, shown to occur with some polymers, and the interaction between 
polymer compounding systems used in insulation and sheath. These tests 
are supplemented by, for example, current overload tests, the so-called 
threshold of damage' tests for power distribution cables, the varnish stoving 
test for coil leads (BS 6195; CSA C22.2, No. 116), or the heat endurance test 
for navy cables [MOD(N) Specification SES21, Part 1].

Electrical Properties
The electrical properties of polymers and their compounds and the factors 

affecting them have been reviewed as in low-voltage applications (upto 1 kV). 
Electrical parameters are not very critical and are usually limited to volume



resistivity and dielectric strength. Adequate levels, wtiere measured drv 
usually readily obtained with the hydrocarbon polymers.

I
t=

10"

Fig. 14.26: Arrhenius plot of life against temperature fo r HR and EPM insulation

Only barely adequate electrical properties are achievable with CR 
com^unds which are rarely used alone as insulants. With CSM, a balance 

are feLfble^ so that 'single shot' coverings

Seneral purpose and iow-voitage 
n S ia ™  indication of the performance
manufartirinn ® criterion of compound formulation or of
resistancpranh*^'^°'^^^^®^' example, volume resistivity or insulation 
S C l S s  '  ratios in hydrocarbon poiymer

molecular ̂ cham involved in the ageing of elastomers result in
properties thp . h i  by the changes in electrical

■ nges in physical properties are much more significant,

compound desiqn^Cahi«'f^
voltages of the order of w 7®'^ distribution have been manufactured for 
d.c. The n o m , a [ ^ : l r S ^ ^  up to 150 W
insuiant is the apparenf rii ? “
measured on cable sam nlpf Ah strength against time characteristic, 

cable samples. A typical example is given in Figure 14.27 J



tt^ni^^cturing

Fiq 14 27- Typical relationship between apparent dielectric strengtti and time, 
for 50 kV X-ray

It Will be noted that the curve tends eventually to zero slope. It Is the 
electrical stress represented by this part of the curve, corresponding to a 
time > 1000 hours, which is used for cable design purposes. The early part of 
the curve, in which dielectric strength decreases rapidly with time, is indicative 
of the effect of degradation of the polymer due to corona discharge and themrial 
effects. Corona discharge is the result of the ionisation of a gaseous 
atmosphere and the acceleration of the ions in the electric field at the surface 
of the insulant, or in voids associated with filler agglomerates, or introduced 
accidentally within its body during manufacture. If the gas contains oxygen, 
one of the products of ionisation is ozone, which chemically attacks some 
polymers in addition to the erosion resulting from bombardment by other 
charged particles.

Within the insulant subjected to a high-voltage electric field, heat is 
generated owing to energy loss in the dielectric. This energy loss (loss index) 
is a function of volume resistivity, dielectric constant, and dissipation factor. 
Which of these parameters is dominant depends on whether the electrical 
field is unidirectional (d.c.) or alternating (a.c.) and on the frequency of the 
alternating field.

The degradation effects due to corona discharge and to thermal effects 
are highly temperature sensitive and interact: also, the intensity of the electric 
field at any particular point in the dielectric is affected by the dispersion of 
compound constituents and manufacturing flaws. Consequently, a 
considerable scatter is'totained in the determination o f individual points and 
Ihe shape of the early ^ r t  of the curve is subject to considerable variation 
from comnoiinrt foeomDOund.



In

effect is 
is

practical compounds, at the higher electrical stresses the thp 
Tect is comulatively unstable and, consequently, predominates. As the sta 
reduced, the corona discharge effect becomes dominant. The infuienc! ,̂ 

this decreases with the energy in the discharge, which is proportioM, 
voltage, until a stress level is reached which is insufficient to produce ionisatio 
For compound for the insulation of high-voltage cables it is, hence, necsssa" 
to fonnulate, mix, and process for minimum loss index, maximum dispersioi!
and elimination of voids.

Natural rubber has been used successfully over a number of years 
a high-voltage cable Insulant and tends to give somewhat better practical 
short-term voltage breakdown values than the synthetic elastomers; this is 
probably because of the greater experience and better understanding of the 
compounding chemistry for electrical applications. However, IMR is rapidiv 
degraded by corona discharge and needs protection on both inner and outer 
surfaces by a thin layer of a compound of a more resistant elastomer such 
as CR. Such protective layers, based on the halogen-containing polymers 
with high dielectic constants, modify favourably the electric stress distribution 
in the dielectric, particularly near to the conductor where the stress is highest 
and where discharge attack is most damaging.

HR and EPM, with their low degree of molecular instruction, can be 
compounded to yield almost the same levels of practical dielectric strengtli 
and have the added advantage of considerably enhanced corona resistance 
and heat resistance. EPM has better corona resistance than MR

None of the hydrocarbon rubbers has yet been shown to be completely 
resistant to corona discharge, and hence cables are designed to be normally 
free from discharge at the working voltage. Corona resistance of a compound 
IS, therefore, valuable as Insurance against the accidental occurrence of 

discharge in service, or as the result of a minor manufacturing defect. Corona 
resistance is measured in terms of time to electrical failure by submitting a 
sample of cured compound, in either sheet or cable form, to an electrical 
stress such that an ionised air gap is included at the surface of the sample, 
e een the electrodes. The compound Is also usually submitted to 

mechanical stress during the test.

flexibility, the conductors of cables often consist of a 
" r r .  I™''®®' ® which leads to local increases in electrical
cLnn=, H h® 3''’ gaps at the inner surface of the insulant
Snductinn i ' ? ®  encouraged. To overcome this, a layer of
^ d  b o r^ Z  I ” " " ® ' i n c l u d e d  immediately over the conductor
and bonded to the insulating compound.

elastomerir and, hence, the formulation of
stomeric compounds for cable sheathing, are similar to those of tyre



ds The polymers are, tor the general purpose cables where 
compo'J'̂ “ , Important natural rubber and, for the more special applications, 

containing materials CR, CSM, and NBR-PVC. Many of these 
#18 '̂ ®J° gntlv poor electrically and, being reinforced with carbon black, cannot 

Med to have good electrical properties; nor are they necessary.
^  if the volume resistivity, for instaisnce, is too low and the cable 

contacts a terminal, current leakage can take place through and 
f  the sheath To avoid the risk of shock, a reasonable minimum value of 

I i L  restivity is 10“ n  cm. In most cases, the upper limit of volume resistivity 
> unimportant An exception is the sheath on an X-ray cable, which may be 
used in an operating theatre; the value in this case should be low enough to 
discourage the accumulation of static charges. 

moisture Resistance
perhaps of more concern than the initial electrical properties of 

compounds is the stability of electrical parameters which are most affected 
by tlie absorption and permeation of water. Access of an elastomeric insulant 
to free water leads fairly quickly to some deterioration in electrical properties 
and eventually to its electrical failure. The concept of 'life' with electrical 
failure as the criterion is thus suggested.

The mechanism of the absorption of water by componded rubber depends 
on the structure of the base polymer, the distribution of fillers and other 
components, the presence of water-soluble or hydrophilic constituents, and 
whether water is present in the liquid or vapour phase.

Elastomeric compound containing very little ionic material can absorb 
2-3% of water without serious effect on electrical properites; in this case, an 
increase in dielectric constant can be detected without a corresponding 
deterioration in the dissipation factor, volume resistivity, or dielectric strength. 
Disturbing substances, such as cross-linking agents and antioxidants, can 
be introduced knowingly in designing the compound. Impurities, such as the 
residues of catalyst and initiatiors and regulators of polymerisation in synthetic 
polymers, impurities in fillers, and proteins and other water-soluble materials 
in natural rubber, also occur unitentionally. For this reasin, the more highly 
purified grades or rubbers are used for insulation compounds; the fillers are 
purified, or are treated to neutralise any polar impurities absorbed on their 
surfaces or to promote poiyer-fillerbonding, e.g., coated calcium carbonates 
and the use of silane coupling agents. The less 'clean' grades are sometimes 
compounded with substances which combine with the polar residues from 
the polymeristion reaction to form non-polar substances, e.g., the use of 
metallic soaps with the corresponding oxide in EPH/I formulations.

During curing in steam, water in the vapour phase is forced into the 
compound and is released in a time dependent on the vapour pressure 
aradient, the temperature and the diffusion coefficient The effect of the retained



water which may be in the liquid or vapour phase, is to cause a deteriorat; 
in electrical properties relative to those obtained with the dry cured cornto 
by a factor of two or three^ The volume resistivity of a steam cured s S  
can be several powers of 10, different from a press cured equivalent in T  
case of insulated wire cured in high-pressure steam or in a continur,,,! 
vulcanisation process, this effect can persist for several weei<s after processinn 
during which a steady improvement in electncal properties occurs.

Poiar sites in the molecular structure of polymers created by oxidation 
contribute to the osmotic and diffusion effects. In the halogenated polymers 
the products of degradation are particularly actively polar and hydrophilic It 
has not been found practical, therefore, to apply physical laws even to a 
limited extent, as in the case of heat ageing.

With natural rubber compounds as a base, compound evaluation isb« 
comparison of standard samples of insulated wire immersed in water 
deterioration being traced by measuring insulation resistance with time A 
typical plot is given in Figure 14.28. To accelerate degradation, the test 
temperature is of the order of the maximum service temperature and an 
electrical stress of about twice the working value is applied across the 
dielectric. Significant changes can be detected in about six weeks. No 
se(tisfact0ry short-term test is available, and a full evaluation of a compound's 
performance may take several years. Resistivity has been found to be a 
more sensitive criterion of performance than any other electrical parameter

Fig. stability test - Insulation resistance against time of
Sion for various HR insulation compounds



ThP variety of polymers and corresponding compound constituents used 
manufacture leads to some complication in maintaining segregation 
^moatible materials. The automation of the cable factory mill room 

“*!I°rprhanical compound-handling arrangements are also influenced by 
im e  complex range of materials, h/lixing is commonly by internal mixer, 

“"fh mUl mixing being the exception. Because of the importance, electrically, 
( Z d  dispersion particular attention is paid to the particle size of fillers in 

In p c t of both level and range. Dispersions, in oil, of the components of
S  systems (e.g., red lead) are generally used. In addition, insulation 

compounds are passed through a straining machine to minimise electncal 
failure due to power agglomerates or contamination 

Cable Covering
Application of rubber cable coverings is carried out with a plant designed 

for one of two basic methods, namely batch curing (discontinuous) or 
continuous curing. The older one involves the application of rubber as an 
operation separate from its cure. In the continuous process, the curing 
operation is integral with the application of the covering and thus labour cost 
is reduced.
Application o f Insulation and Sheath

The three methods of fabricating the rubber coverings of cables are 
longitudinal, lapping, and extrusion. All three are used for insulating wire; 
only the latter two are appropriate to sheathing.

The two older methods - longitudinal and lapping - of rubber-covering 
wire have now been almost completely superseded by extrusion techniques. 
Both involve the application of calendered tapes of uncured compound; 
longitudinal covering consists of passing the wire, sandwiched between two 
aibber tapes, between grooved rollers so that a seam is formed on each side. 
A machine has three or four sets of rolls in tandem. The requisite thickness 
of covering is built up by applying the appropriate number of tapes of suitable 
thickness Upto 36 wires are covered simultaneously, the covered wires 
being separated between each station by parting blades. Lapping consists of 
spirally wrapping tapes onto the wire with an overlap. Again, the appropriate 
thickness is obtained by using several tapes from heads in tandem.

The two methods require compounds capable of being handled in roll 
from with the conflicting properties of good building tack, good green strength, 
and low stretch. Bopth processes are very susceptible to ambient temperature 
variations and contamination.

Extrusion of insulation and sheath is carried out using conventional 
machines fitted with cross-heads. The conductor to be covered or the core or



cabled cores to be sheathed, as the case may be, pass through a cor 
supported coaxially within the head and located concentrically with th 
by a tapered extension to the core tube - the 'cure point'. Cold feedina f 
compound, either in chip or strip form, to machines with the lengih-tjia" 
ratio of the scroll from 12:1 to 15:1 has been widely adopted.

The use of dual extruders {Figrue 14.29) permits the simultan 
application of the two components of composite insulation, e.g epm 
NR-CR, is now common. Insulation and sheath, or stress control lave 
in-sulation, are dealt with similarly With appropriate combination^'"! 
compounds, the ensuing curing promotes bonding of the two layers (It sĥ  i 
be noted that, with such an arrangement, balancing of the cure characterisi 
and rheological properties of the two compounds is necessary)

Line equipment consists of a capstan, or capstans, either of the drum 
type of fitted with caterpillar tracks (caterpuller), together with pay-off and 
take-up stands. In modern extrusion lines, the two capstans, one behind tli 
extruder, one in front, are interlinked - one with the other and with the extrude'r 
drive-and coordinated so that the line can be run at low speed for setting un 
and then run up to full production speeds with the minimum of extruder 
readjustment. Tension control is effected by adjusting the speed differential 
between the two capstan units.

Insulation Sheath 
compound compound

Insulation
compound

Conductor

Conductor
r ^ [

Sheath Vulcanising
die tube

extruder

vulcanising 
tube

r i i r in n - r '^  u Principle of synchronised dual extrusion machines
C uring  T ech n iq u es

determined m S lvbv 'Z rn discontinuous or continuous, is,
cable to be produced in o'! ‘he length and size of tp  ■
method to be used e o tho requirements dictate
of high-voltage cables ’ “ htinuous vulcanisation for the insul?“



ggtch discontinuous, metliod, me insulation or sheath applied
nhe processes outlined above is cured in an autoclave in steam at 

uyone fjgsponding to temperatures of 130-160°C; curing cycles vary 
pressures minutes overall. Where a rubber sheath is applied over
‘’®'"®^"lastic insulated cores, the curing temperature is below the sottening
point o f th e  insulanty |  ir IC I ' ----------------

The cable or core, in its uncured state, is coiled in trays or reeled on
' 'recautions being taken to avoid adhesion and defonnation by dusting 

I  or other anti-tacl< agents. Cooling before take-up and some form of 
S r a i n t  during curing are also necessary. The smaller cables, particularly 
th o se  covered by extrusion, are sometimes coiled spirally in a large-diameter 
shallow tray and packed in talc.

To provide support during handling and restraint during cure, spiral over­
lapped cotton tape is applied, in the case of the lapping or extrusion methods, 
as partofthe aibber-covering operation; or separately, in longitudinal covenng. 
The steam during the cure causes the tapes to absorb moisture, to shrink, 
and so to consolidate the covering. This is reinforced by the expansion forces 
within the rubber in the later stages of the curing cycle. Other low-stretch 
tapes, such as woven glass fibre and polyethylene terephthalate fibre 
(Tetylene), or the latter in film form have been used under particular 
circumstances where cost is not the main concern. Choice of tape strength 
is dependent on the volume of rubber per unit length. In the case of 
cotton tape is often 'proofed' with a coating of coloured rubber and left in 
place after cure is complete to serve as circulit identification. For sheath 
cures, however, the tape is dusted with dry talc and removed as a separa e 
operation.

Where maximum consolidation is required, or to improve the transfer of 
heat from the curing medium, a metal sheath is applied either over a tape, as 
above, or directly onto the rubber.

The considerable length of cable required to fill a CV line and the 
consequent high scrap at each start-up, together with the high capital cost ot 
the installation make this method more appropriate to long production runs. 
Batch curing techniques have hence tended to be perpetuated for short- 
length manufacture and jobbing work.

The above circumstances relative to CV, encourage the highest practical 
line speeds demanding the formulation of compounds with the shortest 
practical curing times. Table 14.13 gives examples of practical conditions.

Obviously to achieve optimum cure times on a given CV line, the 
: maximum practical steam pressures are used, subject to the thermal 
(■ charactetuics of the compound and the geometry of the covering, which



determine the rate of flow of heat and, consequently, the radial cure gradient 
Reversion must not occur on the outer surface of the covering before a 
acceptable state of cure is achieved at the inside,

Table 14.13: Practical conditions for the continuous vulcanisation of cables

Covering

Diameter
under

Covering
(mm)

Covering
thickness

(mm)

Line
speed

(m/min)

Steam
pressure
(kgf/cm^)

Steam
tength

(m)

Cure
time
(s)

General purpose NR
insulation 2,6 0.8 200.0 14.5 80.0 24.0
Higfv-vottage EPM 5.2 67.0 9.0 130 22 5 1500
msulatkin (11 kV)
NR sheath 95 1.3 650 14 5 55.0 50,0
CSMsfteath 9.5 1 3 30.0 14 5 55,0 110,0

Adequate cooling is also an important factor influencing optimum line 
speed since, othenvise, the high internal vapour pressure, resulting from CV 
conditions, results in 'blowing' of the covering.

Since equilibrium thermal conditions are not generally achieved during 
CV cures, the theoretical estimation of curing conditions is complex Recently, 
etectrical aniogue techniques have been developed wtiich can be computerised 
to make it rapid and practical. It will be evident that compounds for CV must 
have a 'fiat' cure characteristic at the curing temperature and a compromise 
between minimum cure time and scorch time must be achieved

Both horizontal and vertical fluidised beds, integrally coupled beads, 
integr^^ coupled with extrusion, are attractive for short-lengtti jobbing cable 
p i^uction Liqmd salt baths also have considerable promise The short 
^dividual lengtrhs require the use of shorter curing units than CV, Since 

f  operated at, or near, atmospheric pressure, porosity of the 
com^wfpri^L°fc ° “ '^sion of air and moisture in compounds has to be 
respectively^ *  of vented extruders and an hydrous lime in the compound,

Specialised Elastomeric Cable Components

s h e a t h ® l 3 s t o m e r i c  cable components of insulation and

r e s i s t i ^ i f e ^ n " ®  compounds of NR, HR, and EPIvl, formulated to have 
cables NR and r p  electrical stress control in high-voltage
MDies NR and OR compounds with resistivites o f <10n cm have been



intog

ifacw” ’^
tective circuits in flexible mining cables and are now coming 

’^®era° use, as defined in NCB specifications.
' freauency interference from petrol engines is suppressed by the 

, rR compounds with resistivities of the order of m  cm, for the conductor 
d of a metallic wire in cables for ignition circuits.

'"*'%»ints based on CR and CSWI are used to impart flame retardance and 
.hJresistance to cable coverings, e.g., textile braids. They are also 
fZ r  rore identification, particularly CSM which gives better colours, and 

te add ozone resistances and oil resistance to insulants based on hydrocarbon 

elastomers.
m a nu fa c tu re  o f  m is c e l l a n e o u s  p r o d u c t s

P roducts  Based on Spread Fabrics
Spreading of fabrics is carried out as a preliminary to their incorporation 

the products. In addition, final products are made from fabrics, usually 
soread with natural or synthetic rubber on one side only, and used for their 
waterproof quality, e g., machintoshes, groundsheets, and trapaulin-type 
covers.

The mechanical, electrical, automobile, and aircraft engineering 
industries have requirements for a great variety of gaskets and diaphragms 
which for strength and stiffness must have fabric reinforcement. These are 
frequently made by spreading fabrics of cotton, rayon, nylon, p o lye s te r^  
glass fibre with njbber all types of elastomer being used. The shape is punched 
from the fully cured sheet. Surface finish is important in many applications 
and determines the method of vulcanising the spread fabric. The finest 
smoothest surface is obtained by moulding, but often an acceptable finish 
can be achieved by wrapping the fabric on itself on a large drum with an 
interleaf of fine textured cloth, special paper, or plastics film.

Flat punched diaphragms can be post-formed to simple convoluted forms 
by a short heat treatment when pressed between a metal and a mbber shaped
jig-
Products Made by the Calendering Process
Unsupported Sheeting

For quantity production of unsupported sheet, i.e., without fabric insertion, 
the calendering operation is most economical, assuming that the vulcanisate 
requirements can be met by a mix which will calendef smoothly. Unsupported 
sheeting is required for hospital use, for sticky-back repair patches, for gaskets 
and diaphragms, and for cutting into thread for garment and golf ball 
nnanufacture. A calendered sheet is also required for built-up products, 
moulding, etc., e.g. the sheet may be wrapped on a mandrel to form a tube
forsubsequentpartingoffinto^^^



Many of the products can equally well be produced by means 
calender The choice of method depends on many factors - the ability of!® 
rubber mix to friction or calender smoothly, the degree of adhesion renuir 
and obtainable by the various methods, the thickness required, and T
uniformity of thickness needed. '

The vulcanising methods available for the cure of calender proou p. 
sheeting and fabric-reinforced sheeting are the same as for spread fabric 

Extrusions
Continuous or Long Lengths

It is hardly necessary to do more than mention the variety - tubinn 
sealing and trimming strips for automobiles and domestic appliances, shoe 
welting, etc., supplied in long lengths to other industries and users tocutun 
as required. The vulcanising methods are either back or continuous and both 
solid and cellular rubber sections are manufactured. Trade marks, names 
sizes, and other details may be imprinted on the extrusion by allowing it to 
pass over an engraved or embossed roller as It leaves the machine. 
Precision Ejdrusions

The compounder's and the diemaker's arts are usually adequate to 
ensure that extrusions meet the designer's requirements dimensionally and 
shapevKise, at least in the smaller size range. There are, however, large 
sectionextrusions where collapse and distortion occurring during handling 
and cure, demand special treatment. Tubing may need to be blown onto a 
mandrel; other sections require support on specially made jigs. For fine 
dimensional tolerances orwhen the extruded surface is not perfect enough, 
grinding the outside of the tubing is commonly practised. In other instances, 
bends and other shapes are made by putting the uncured extrusion onto 
bent or shaped mandrels before cure.

Products Made from Cured Extrusion
Scarf-Joining

h,,(t or semi-vulcanised solid or hollow extrusions are scarf-or
^ produce rings for such Items as seals and driving bands. The 

samp m'iv* freshly cut surfaces are coated with a solution of the
Dolvmprs' bonding agent in the case of solvent-resistani
calendered film ® satisfactory bonding is to insert a 0.1-0.2 mw
the i l f  f  solutioned faces of the joint. After maW9

hea ^ e le r  ^
the iolnt fnllnwcH placed between heated platens. A short cure is gwe"

vulcanisation of th J w h o le 'S n e m ""  '



^romoonents from Extrusions
pgnB(K>'̂  j^gr extrusion is cut into suitaote ■a'-.g.r,;:

b i n i r  by parting-off ,n a lathe, often bv 
as moulding b ^ n ^  V with rubber or

^echanismsjh® ^ e r , a l  to protect the knife and avoid contan.inat,on c 
^ e r  “ " ' " I  ' icanised tubing is similarly cut into washers and gaskets

^  ances are h^ on the internal and external diameters 
'*^'^Cs°on w^l nLed to have L n  cured on a mandrel of the correct SE8 

shrinkage and the outside diameter ground before the parting-off 
3 , lo w in g  for shrink g producing a rectangular section washer

S i n g  oMrepanning from calendered or moulded sheet mousing arc
N a t iv e s  Stafoners- bands are made from extruded tube altowed to ftetten, 
alld than vulcanised, and cut to the required width by guillotine. 

endless Shaped Seals from Extrvstons
For automobile and aircraft window and domestic appliance ^

accurately shaped comers may be required. A widely u s ^  n
save the cost of complicated and large moulds v ^ c h  te
make them in one piece, is the comer moulding of f
extrusion is prepared and cut to length, the cut ends ^emg coated with 
solution. Two lengths are placed accurately in a
to the shape of the comer with a section corresponding to that of ,
The mould is clamped between the heated platens o a 
transferred to the cavity to form a comer piece integral with ‘ f'® °
extrusion. The operation is repeated with the necessary other lengths of 
extrusion to produce an endless seal shaped to f^  the " '" f o w  or d ~ r  
Alternative methods include the scarf-joining of the extrusion into an 
nng and then by means of suitable mandrels or f o r m e r s  (which may te  o a 
meltable or soluble substance) setting the comers to shape by means of a 
heat treatment. In this case, the extrusion must be in such a state of cure 
that it will assume the required permanent set.

Solid Tyres
Rubber-tyred wheels, casters, and drive pulleys are m a nu fac tu r^ in  a 

variety of sizes and sections, and also solid rubber tyres for peranibulators, 
punch-chairs, etc.. as separate items for fixing to a grooved wheel.

The rubber-tyred product, in which the rubber is moulded and bonded to 
the metal or other rigid wheel, is made by applying an adhesive or ebonite 
layer to the metal surface followed by an extruded section or calendered 
strip- the assembled unit is then placed in a simple compression tvw>- or 
three-piece mould and vulcanised under heat and pressure.

Solid mbber tyres for application to a wheel are moulded with an endless 
metal helix and/or fabric core on the inner diameter to give it the rigidity and



stiffness to hold on the rim - sufficient stretch is present to permit asse 
on a grooved wheel.
Hollow Articles

Inner tubes for tyres Of all sizes are nowadays moulded. A pre-mouirt 
nibber-based valve stem is cemented to an extruded tube, the ends of 
are cut, usually with a hot knife, and butt-joined. The tube is then inflated ** 
moulded in watchcase-type presses, ^”'1

Under this heading are also included play balls, which may be mouldfvi 
on the lines of tennis balls, and hand-built and open steam or oven cu n 
products such as bladders, fuel tanks, liquid storage bags, and dinghies i 
addition, there are the moulded hollow components and articles - boots a !! 
gaiters for engineering joints, cell sacks, handle grips, and hot water bottle 
- for which the mould contains a core rigidly positioned and located b  ̂
separate, so that after cure the product can be removed. Careful blank sizin” 
and shaping is necessary to ensure tjniform and consistent wall thicknessTf 
compression mouding is employed, the compound formulation and condition 
of the blank must be such that good knitting of the separate blanks occurs 
as they flow together The vulcanisate; in the hot state as it leaves the mould 
must have sufficient elongation to permit the extraction of the core which it, 
the case of a hot water bottle, for example, is considerable. Transfer or injection 
moulding is necessary for many products of this type to eliminate uneven 
wa» thickness, retracted spew (backrinding), air trapping, and other faults 
and to save material.
Diaphragms

sliohtiv rn n ? T ! production of simple flat or
diaphragms from unsupported and supported spread or

teads l T . ^  '"I®"®'- diaphragms with peripheral and/or centre
convoliitirvnc ^^^smbling and sealing purposes, and with deep
aoartfmmar'"^ 'ch must be moulded. No special techniques are called for,
thaMu^r, ! ,  P'®P^ration for the reinforced diaphragms to ensure
the f lZ o f  ru neither distorted, straineS, no" damaged t>y
dowellinqortanprin two-plate compression moulds with accurate 

ng or taper location are commonly used.

with minfm^atrStenM to designed to roll in use, giving long strokes

of such products have a “abilc r " " T
knitted The essential nf th ? ''®'"f°''=efTient which may bs square woven or 
fabric and then moulding® Pre-forming of a top hat from the
with the n e c e s s r S s  or I  " t"  rubber coating on one side of the fabnc 
metal components Provide sealing when assembled in the



T e c h n iq u e s  o f  R u b b e r  P ro d u c ts

diaphragms with the rubber or, one 
K is  c o m m o n  (^rac pressure. This ensures that

*«®“'" ' / o n T fe b n c  and rubber takes place as is liable to occur rf the 
; ; S  faces the pressure.

=,k are used to seal anything from a wristwatch to the freight 
Rubber " 7 “ „ a y  be an O-ring of bore 0.8  mm and cross-

joorofan ,atter may have a section more than 4 0  mm
sectional diamete ' . ig_nth of 15 metre. Figure 14 .30  is a chart of
across and a oircumfe ^^t,ber Some of

h a v il ire a d y  been discussed as being manufactured by

techniques other than moulding.
SEALS ______ __

^ -^
Sialic

Reciprocating

I Gaskcu and joints
Flex-automatic ____________i

i -----, I I
I .L  M tu ll ic  N o n-m co ilic

LidSqueezc-typ« ^

--------------- \--------------- — 1--------------------1 '
Simple compound Moulded, Meul split Diapbragms

txdu.,on nex-auton,a.ic rmg.

Bellows, W iper p rt-m o u ld cd
boots

------1
Squeeze L ip

Simple
U b y rin lh  M echanical S p lit rings H ydrodynam ic corapoim d

^ packings

r
r I F lex-au tom atic

S o n  P rc-rao u ld td  i--------

Fell washer Lip

Fig. 14.30; Seal types

From the manufacturing point of view, those produced by moulding can 
be considered under three headings. Squeeze-tape seals and lip seals are in 
common use and within each type there are several section shapes (Figures
14 31 and 14 32) The former operate by distortion under radial or axial 
compressive strain, as discussed below. The O-ring is very widely used,



though some designers prefer the rectangular, D, or delta sectio 
seal has the advantage that it can be clamped on assembly and'n 
therefore, become easily displaced or twisted. "ot.

O D  □  □
O'fing RectanguJor X-iypc D-typc T-iype

Fig. 14.31: Sections of squeeze-type seals

Delia lypc

C u p sM l U -scal

Fig. 14.32; Sections of tip seals

V-scal

In the case of the lip seals, sealing is achieved by distortion of thp lir, 
assisted by the pressure in the system ‘^isrortion of the lip

All-Rubber Seals

= f  fiaiority of squeeze-type seals are all-rubber and the same annli«

cavities. A ™ ttM a T p a rt*^ rth e ^  typewith single or multiple
manufacture to ensure oerfort rfr,
under the high-pressurp mn flash and accurate match
<w?uire- The blanks used are either
cord section nnas orpnaro^ k -  rectangular or
from Hie sheet, or joining the extrurilrt extruded tube, punching
>»=a^se most of t r m o u w l .  1 I f
(back-rinding) flow marks air trapping, retracrated spew

Cons,derab,r 7  "
nngs, an<3 in particulartn IhT transfer and injection of 0-

• ”  or P—

and to provide strenQth^!^i?f increase modulus and stiffness
af and tear resistance. Fabrics of ail available



fltn-es are used depending on the service use, in particular, temperature 
l/lanufacture involves the thorough impregnation of the textile fabric with the 
rubber compound, either by spreading or frictioning, and then a careful building 
upto, as near as possible, the shape of the finished product before planing in 
(f,e mould. During the moulding operation, minimal flow and distortion of the 
fabric must take place and trapping of the fabric at the mould parting lines 
(tiust be avoided as it detracts from the appearance of seal, exposes it to 
ingress of liquid and other foreign matter, and generally reduces its service 
life.
f/letal-Containing Seals

Many seals for rotary shaft application contain metal stiffening, usually 
as a punched and formed cup to which the rubber is bonded (Figure 14.33). 
Attention needs to be paid to the location of the metal during the mouding 
operation and choice of blank shape to ensure satisfactory and consistent 
products.

Metal-
cased

Metal -cased 
with garter

Metal -cased 
bonded, with 
garter

Eml>cdded 
metal case

Bonded melalcased, 
spring loaded with 
tandem seal

Fig. 14.33: Sections of rotary shaft seals

Finishing Seals

In lip seals, the sealing surface is the lip which must make uniform 
contact with the cylinder walls, against which it operates. Because it is not 
easy to mould this lip without a parting line near to its edge, it is a copmon 
practice to make the mould parting line at the lip, which is made longer 
required and knifed off to the required dimension in a lathe as a subsequent 
finishing operation. Automatic machines are often used to do this.

Flash removal form 0-rings and moulded rectangular and similar section 
seals is carried out by high-speed felt and cotton mops and abrasive wheels. 
Seal Design and Material Selection

The development and selection of rubber mixes for seals is dictated 
usually by three factors. First, the fluid with which the seal will be in contact; 
secondly, the temperature range of the environment in which it will operate; 
and thirdly, the mechanical environment, including such factors as pressure, 
stressing, and abrasion. The fluid and temperture will restrict the choice of



the base polymer, usually to one or two; compounding will be direct 
achieving the correct hardness and abrasion resistance and to adjusti 
swelling behaviour of the rubber in the liquid. The designer will want t 
the lil<ely dimensional changes in the seal material due to uptake nf r 
and differential thermal expansion,

Important in seal applications is the elastic property of the ruhh 
vulcanisate. The distorted rubber exerts a pressure on the contacting surfs 
to maintain the seal. Unfortunately no rubber is perfectly elastic and m 
stress in the rubber decays or relaxes with time. This stress relaxation 
be measured directly or more frequently, the degree of permanent compress? 
set, the rubber has taken up on removal of the strsss is determined

There are two factors of importance in compression set testinn Firt
the rubber-metal clamp interface, with the cylindrical test-piece of BS 901 
there can be any degree of slippage, and the amount of slippage affecK; th« 
result. It is probably easiest to achieve the no-slip condition, but the ‘recovered’ 
test-piece in this case has concave top and bottom faces which lead in 
measurement difficulties. This complication can be overcome by the use nf 
an 0-nng. or frartion thereof, as a test-piece. Here is, however, some evidence 
of a size effect here, probably related to the rate of cooling during the recoverv 
step in the test, wtiich is the second factor to influence the result.

ran i!̂ ® conclusion of the heating period, the clamps and test-pieces 
ran be allowed to cool before the strain is released; alternatively the test- 
for thP I T  f  c'sfTiPS immediately and allowed to recover

oor^ t e ~ u r e
p r o M d r e T n Z  J  ‘’y ''^nations of
S m e ^  v t r n l . ^ ^  component of the
Chosen method ma 9^; the spread high but one arbitrarily
e S L T s  and unreliable indications of the
S t a  ob se rv r.n ? =  '  circumstances that stress
what is taking place. as giving a more complete picture of

h a r d n e f s ' ^ n ' S n ^ ' l l I l ^ ® ^ a r e  the change of 
rubber is sealing Too areat a in the liquid which the
between the clearanr^^ ® 'ead to extrusion of the seal
liquid uptake and diffusion rubber affects
c^vera'l^de range

their resistance?rm?neral a'nd'ett'*^°h ^ because of
The mineral oils offered varv in f  "^'^"cants and to hydraulic liquids,
in nitrite rubbers. It is important tZ T h  hh'*

PUblicationbytheAssocia îonofi:r;“ Man̂ ^̂ ^̂ ^̂ ^̂ ^̂



(their proposed ‘seal compatibility index' method is of interest. The idea is 
r  categorise oils by the volume change they produce in a standard nitrile 

bber, stated as the SCI. Oils with similar SCI, within a toleracnce, will be 
Inerchangeable: additionally from the SCI of an oil, seal manuta9turers will be 
able to provide suitable rubbers. This scheme is based on the observed liner 
relation between the SCI value and the swelling of commercial nitrite rubbers 
in a range of 52 mineral-based oils from a number of oil suppliers.
Hand-built Products

The broad principle of the manufacture of most important and typical 
products with a preference for natural rubber, if it meets the vulcanisate 
properties required because of its building tack have already been discussed. 
Butyl rubber has become established as a reservoir-lining rubber and also for 
other water-storage containers which involve handwork. Nitrile, polyurethane, 
and chloroprene rubbers are used for fuel cells and storage containers on a 
base of nylon fabric.
Moulded Rubber Goods

Moulded rubber goods find extensive use in railways, automobiles, 
bicycles and also in many industrial and domestic appliances. The product 
rang varies from small 0-ring play balls, bushes, shock absorbers, rubber 
rollers, battery containers, etc. This industry can also work as an ancillary 
one to many large scale units. In fact, almost all the large scale manufacturers 
of automobiles, scooters, moped, cycles, machines depend and largely on 
small scale units for their entire range of rubber products.

Raw material Required
Raw rubber, reclaimed rubber, sulphur, MBT, MBTS, TMT, powder, cartjon 

black, China clay whiting powder, zinc oxide, stearate, lubricants, binding 
materials, etc.
Process of Manufacture

All the rubber chemicals are mixed with raw rubber after proper 
mastication in a two-roll mixing mill. Depending upon the nature of rubber 
used, it might be necessary sometimes to pass steam through the rollers. 
After compounding is over, it is the usual practice to extrude the same to 
form slabs and cut pieces; after weighing they are fed into moulds and cured 
either with steam or electricity in presses (hand-operated). These are then 
taken out, screened, tested and packed.

Composition of rubber compound
Rawrubt>er '^*'9
China clay 5-18 kg
Sulphur 1009m

I



372 Technology of Rubber and Rubber Goods Industrie

TMT powder lOOgrti
MBTS 100 gm
Zinc oxide 300 gm
Stearate 150 gm
Cart)onblacl( 100gm

Machinery and Equipments Required

i. Two-roll mixing mills, 12"» 30", ciiilled cast iron rolls, complete with 
25 HP. motor reduction gear and other accessories.

ii. Extruder2” complete with electric motor (1)
iii. Mould - assorted L.S.

iv. Steam heated presses (hand operated) -14" * 14" size (4)
V Steam heated presses (hand operated 16" x 16" size (4)

Vi. Baby boiler with 80 psi steam pressure (1)
vii. Weighing machine (1)

viii. Micellaneous equipments and tools, etc.
Dipped Rubber Goods DRG

Dipped goods from rubber latex like surgical gloves, finger stalls, 
catheters and veterinary appliances are finding increasing use Some of these 
may be classified as -

Industrial gloves
Surgical gloves
Finger stalls

Transfusion tubes.
Rawr materials required

I-®'®" 60%
DRC, Vulcastab L.S, 20%

casein, caustic soda,
accelerators, antioxidant, calcium nitrate, distilled water, packing material.

Process of Manufacture

etc. zihc oxide, accelerators, antioxidants,
separatelv ThpHie ^ispersoi L.N. in a pot mill in suitable proportion 
in a Hobart ^  ® 's mixed with 60% DRC centrifugal latex
products I d " .  nTL-f: ^ moulds of the required
tank. These arp thpn T  or porcelain are dipped in the

ulcanised with the moulds in air ovens, removed from



Ids and dusted with talc. No solid material should be fed into the
avoid coagulation.

uachinery and equipment
' • Hobart type m ixer-3  speed, 25 litres capacity, complete with 2 H.P.

electric motor.
li Pot mill - 6 pots complete w ith 3 H P. electric motor, 
lil T h e rm o sta tic a lly  controlled air oven 3" » 3" « 2" (2 KW).
Iv. C o a g u la tio n  tanks of plastics, 25 litres capacity (2)

V Moulds L.S
Vi, Small weighing machine.

Rubber M a ttin g s
Rubber mattings mainly find applications in automobiles. These are 

made by coating rubber compound over Hessian cloth either by spreading or 
calendering technique. Due to constant use, these need early replacement. 
There is a substantial demand for rubber mattings of different types for cars, 
scooters and household requirements.

Raw materials required
Hessian cloth, raw rubber, sulphur, rubber chemicals, solvents, coal 

dyes and colours, etc.
Machinery and equipment

i. Two roll mixing mills, size 12" » 30" (1)
ii. Spreading machine, size 12" » 20" (1)
iii. Churner, 200 litres capacity (1)

iv. V u lcan ise r2"»6” (1)
V. Baby boiler for 80 psi pressure steam ( i )

Vi. Miscellaneous equipments and tools, etc.

P ro c e ss  o f  iV ia n u facs tu re
Raw rubber is masticated and is mixed with all other ingredients in a 

two-roll mixing mill. The rubber compound so obtained is sheeted 
and dropped into suitable solvent for 10-12 hours. The rubber absorbs the 
solvent and becomes soft and plastic. The mass is then taken into 
churners where little more solvent is added and mixed well to get a dough 
lite consistency. It is then spread on Hessian cloth in spreading machine by 
the Doctor Blade Technique. To get designs, the sheets are passed through 
embossed rolls before curing. It is then cured in a vutcaniser



Rubber Bushes for Automobiles
Rubber bushes are the important auto ancillaries which play an important 

role. Rubber bushes are also known as resilient bushes.
The following is the composition for rubber bushes - 

Raw material required
Natural njbber 77.0%
Zinc oxide 6.5%
Stearic acid 2.0%
Carbon black 7.5%
Process oil 0.4%
PBN 0.75%
MBT 0.75%
Sulphur 1.5%

The rubber, with other ingredients is compounded in a mixing mill. After 
compounding, the next step is extrusion to form slabs and cut pieces. After 
weighing these are fed into mollds and cured in a hydraulic press. Now the 
bushes from the hydraulic press are ready for packing.
Plant and machinery

Rubber mixing mill (1 No.)
Hydraulic press (1 No.)
Extruder (1 No.)
Baby boiler (1 No.)
Moulds (5 to 6 Nos.;
Weighing machine (1 No)
Testing apparatus (1No)

Rubber Tubing

Rubber tubings are flexible aibber pipes of low diameter and used in ttie 
transfer of fluids from one place to another. These are generally known as 
delivery tubes. They are characterised by inertness to corrosive chemicals 
and even gases for burners. Rubber tubings are most popular because of 
their low cost as well as inertness to most of the materials which are conveyed. 
Manufacturing Process

Rubber is compounded in a mixing mill after the addition of various 
ingredients. The mixed mass is then extruded through a suitable extruderin 
the form of tube in length of 50' to 100' which largely depends upon the 
diameter of the tube. The extruded tubes are continuously cooled with talc



a pan stick and then transaferred to vertical vulcaniser or autoclave wtiere 
vulcanisation is done in open steam under pressure of 48-59 lbs per square

inch.
Compounding is as follows -

Material Parts by m .

Rubber 100.00
Petroleum 5,00
Antioxidant 1.00

Zinc oxide 15.00

White clay 250.00
Dibenzothiazol disuiphide 1.25

Sulphur 3.00

It is vulcanised by steam at 50 psi pressure.

Plant a n d  m a c h in e r y  re q u r ie d

Quantity

1. Mixing mill 12" x 30" with chilled 1
rolls and reduction gear, 30 H.P. Motor etc.

2, Extruder, 2-1/2'*-7.5 H.P. 1

3. Vulcaniser, size 4" x 8" 2

4. Boiler (oil fired) with evaporation capacity
250 kg/hr, 100 Ib/psi v/orking.

5. Tray tables, weighing machines etc. 1

6. Testing equipments like, thickness 1 each

gauge, hardness tester, ageing blofcks. 4cm col.

(



Recycling of Wastes from Rubbers 
and Plastics

INTRODUCTION
Rubber and plastics are, to the general public, materials which evince a 

degree of wonder and surprise. Properties such as elasticity, creep and 
flexibility are exhibited at levels which are far beyond those found in traditional 
materials and minerals.

Very little of the discarded material from rubber and plastics manufacture 
is completely 'scrap'. Uses can be, and are, found for almost any and every 
type of off-cut, trimming, flash or other waste. Thermoplastics are shown as 
being the easiest to feedbacl< into the process stream. Rubber is equally 
easy before vulcanisation but afterwards it must be regarded as a type of 
thermoset. Re-use of thermoset plastics is inhibited by the curing process 
which it undergoes. Economic necessity is usually the determining factor 
Some processes are economical only if material is recycled, some products 
are only viable if recycled material is used. Some incur high costs in collection 
and segregation so as to preclude any attempt to recycle at present market 
conditions. These controls are described together with opportunities which 
exist tor secondary use by other industries. Aslo considered are the means 
of economical final disposal.

Lack of understanding and appreciation tends to result in an oscillating 
response to the effects of waste. On the one hand, criticism is levelled at the 
waste of valuable fossil fuels in providing the basic synthetic polymers, whilst 
on the other hand, fears are expressed about the effects of discarding an 
undecaying material.

To appreciate the true situation, it is necessary to understand something 
of the nature of these materials, how they are evolved and how they are 
manufactured and used. It is then possible to evaluate the potential of the 
waste and the economics of its recovery and re-use.



t h e  MATERIALS
R u b b e rs  and plastics are generic terms for a very wide and diverse 

range of products. The ctiemistry associated witti these materials has 
developed to a stage v^hen compounds may almost be tailor-made to suit the 
particular processing and service requirements. Variety, which is at the root 
of widening applications, becomes a hazard when attempts are made at the 
recovery of waste. It is then that the trace additions which are included to 
obain specific physical properties present difficulties when mixed with other 
ingredients. Fortunately some families of materials exist and one is able to 
m ake generalisations.

Figure 15.1 shows the broad families into which rubbers and plastics 
may be separated when considering the ways in which they are processed.

Polymeric materials 

________I________

Thermoplastic

H igli
calorific

value

1
Low  calorific 

value 
(PV C )

Used
alone

I r ~
Compounded

“ 1
Used
alone

I
Thermosetting

Rubbers

Very variable 
calorific value

A ll compounded (
Fig. 15.1 Thermosots and thermoplastics

This very simplified arrangement in no way illustrates the wide variety 
but serves to meet the fundamental differences.

Of the two main families - thermoset and thermoplastics - the difference 
is in the molecular structure. Molecular weight in polymers is relatively very 
large and the description chain molecule is often used. Side chains exist in 
various fonns and in thermoset polymers the side chains join during processing 
to form a rigid 3-dimensional network. No such network forms in thermoplastics 
so, when they are heated and softened, the molecules are free to take up 
new shapes and positions. Hence, thermoplastics may be recycled easily 
whilst thermosets are much more of a problem.
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Thermoplastic Polymers
A further broad classification into those which are used in conjunction 

with other polymers and chemicals and those which are used in a relatively 
pure state gives a further guide to recycling.

Polymers which are used on their own, i.e., polyethylene, polypropylene 
polystyrene, etc., are relatively easy to recycle and recycling may be repeated 
a number of times without undue deterioration.

Blended and compounded polymers are less stable and more liable to 
deterioration during recycling, i.e., PVC and ABS. Additions may be made to 
polymer to improve their stability but are expensive and hence are used very 
sparingly
Thermoset Polymers

As their name implies thermoset plastics are distinguished by the fact 
that during processing they are 'cured' and form a 3-dimensional network 
(Figure 15.2). Whereas thermoplastics may be described as long thin 
molecules laid in a random manner but having no firm bond between the 
molecules, the curing process transforms thermoset plastics from a state 
similar to that of thermoplastics into a state in which permanent bonds are 
made at numerous points in the chain with other molecules.

Thennoplaslic (Cross-liiJced) Thermoset
Fig. 15.2: Molecular network

Rubbers

Until thev^r^v ii'irank^^th^ Particular class of thermosets in many respects, 
be Dhvsicaliv rpsiha™^^ th lai'gely thermoplastic in that it may
exDtefned T  P^perties. Vulcanising is similarly
has not yet been devis'^ed P'°=ess of de-vulcanisation

9 en to the problem of recycling. Two forms of product
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Djjyc/WS "

uotpd - crumb and reclaim. Nevertheless, the problem of de- 
: : & n  remains unsoh/ed.

datura"’ " ' ’ "®''
■|-|iis material is obtained from trees and thus is to some extent, a

pegenerating raw material. 

synthetic Rubber
These  are obtained from oils in various forms and are dependent upon 

erves of oil. They are 'tailored’ to provide particular properties such as oil 
^tistance flexibility at extremes of temperature, resistance to ozone, etc.,
I'nd therefore cannot be regarded as capable of replacement by natural aibbers 
although in some respects, synthetics can be used in place of natural.

Compounding Ingred ien ts

Particular optimum properties of many polymers are only obtained by 
compounding both with other polymers and with mineral fillers. A very wide 
ranqe of properties are thus obtained by the incorporation of a large vanety of 
compounding ingredients. This is particularly true of thermoset plastics, 
including rubbers and of thermoplastics such as PVC.

It is thus possible to make PVC, either as flexible sheet for clothing 
and packaging or, as a rigid material for building applications such as drainage 
piping, guttering, etc.

Thermosets are often compounded with paper, mica, clays, marble 
tour etc. The quantity of polymer is then changed to meet the service 
conditions. Often it is reduced to a level which is just adequate to act as a g
binder The price is greatly affected since most of the fillers are also cheaper ■
than the polymer »

Rubber compounds are even more complex. In addition to the polymer 
and filler, there are added small percentages of chemicals, 
ones, designed to assists or control the vulcanisation process and to provide 
resistance from attack (i.e., ozone).

With all these materials, visual identification C0 7 0 u n d ^
ingredients in a product is impossible and dfficult even with the aid of analytical 
techniques.

PROCESSING
Polymers are converted to products by a variety of te=hni<j;^es but aH 

are subjected to the operations in the same general sequenc ̂  to
are blended, then shaped and finally stabilised. Importance s attached o 
the blending operation and in some applications, the ma e r^ l 'S 
the converter in a blended state. Heat Is usually both a p p M  
during the blending and shaping operations and must be extracted dunng or 
after the stabilising stage.



Having selected the ingredients, they must be converted to a 
homogeneous blend so that physical properties are constant throughout tt\e 
product. In all cases the compounding renders the ingredients inseparable 
but it is still possible to rectify any omissions of faults in dispersion.
Fabricating

■ For thermoplastics the fabrication represents the final processing 
operation. Processes such as blow moulding would be very expensive were 
it not possible to re-process the trimmings. It is the normal custom and 
practice to recover process scrap from thermoplastics.

Thermoset manufacture combines the fasbrication and cure process 
within the one mould. All waste from fabrication is, therefore, cured waste 
and by definition, difficult to recover. Rubber fabrication processes are 
sometimes separate from the vulcanisation stage. In these instances it is 
theoretically possible to recover fabricated scrap. In practice there are usually 
so many different formulations that it makes segregation and re-use in tiie 
original compounds an administrative impossibility.

As with thermoset, so it is that rubber mouldings are fabricated and 
cured within the mould. Waste trimmings, etc., are therefore, cured and 
unable to be re-shaped.
Finishing

It follows that only finishing scrap from thermoplastics manufacture is 
uncured and hence suitable for immediate recycling.

SOURCES OF WASTE

From previous comments it may already be apparent that it is necessary 
to distinguish between the waste which arises within the manufacturing 
industry and that which comprises the waste used to make plastic articles or 
containers.

Industrial scrap is usually classified and segregated. Consumer scrap
IS rarely fully identifiable. Value is very much dependent upon classification 
cleanliness and non-contamination, hence whilst industrial scrap can find a 
market with relative ease, this is not so with consumer scrap.
Industrial waste

Contractors exist who will collect from, re-process and return 
thermoplastics to the processor. They will also make additions to make up 
n f  of additives. This type of operation is particularly useful

processing susceptible to degradation during
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used products
Waste used to make products of both plastic and rubber have in recent 
hecome potentially emotive topics for discussion, often unnecessarily 
wisely Usually the factor which determines the value as a recyclable 

 ̂ tehal has little to do with the material. It is determined by the cost of 
Section, segregation and decontamination.

Generally, plastic containers are light and have a high volume/weight 
tin They can be baled but still they are expensive to transport. Segregation 

^visually possible into containers of similar types and often this also provides 
[  cpoaration of different polymers but this is made more difficult where closures 
mlde from dissimilar materials are fitted. Labelling and the adhesive used 
c a n  also provide a very significant contaminant where very thin-vralled containers 
are concerned.

Tvpes are also in the problem area; not because they cannot be recycled 
but because they are re-used and are collected for this purpose. The most 
sirnple way is by applying a new layer of tread rubber to the tyre's periphery. 
T e tL d e d  S e  has Virtually a new tyre life and hence, is a very economi^l 
technique In preparing the tyre to receive the new tread rubber, the penphery 
T b u Z  r l U g  s L e  of the old tread. The ™ ^
■crumb' and it is sold as a processing ingredient for use in small quantities
afresh compound.

Another use for old tyres is found by '"bb^r

are there to cut off as sheet approximately 3/4 inch thick.

Again this material is used to impact particular properties to fresh 
compound as well as to make cheaper compoun s.

QUALITY AND NATURE OF WASTE

. ' S i *
It is good practice to mix 'like with like' but save f ° ^ u s t r ia l  waste, 
almost impossible. Compromise is therefore necessary.

Rubbers , , „



tyres are blended in this way - trucl< tyres contain more natural rubber than 
passenger-tyres. The best that can be achieved with re-using tyre waste is to 
use truck scrap in truck and passenger waste in passenger tyres. However 
addition of vulcanised waste above 10-15% reduces the product quality below 
the acceptable level.

With specialist rubber polymers, such as silicone and viton, recovery is 
more simple but the product is more critical so it is important that careful 
tests should be applied.
Thermoset Plastics

Thermoset Plastics waste is usually cured or part cured. It is in lumps 
and flash and since it has little use it is usually discounted as rubbish. Some 
processors grind it to a powder and incorporate a small percentage as filler 
Thermoplastics

Thermoplastics industrial waste is usually in the from of sprues and 
runners or misformed products. Granulating machinery is available to deal 
with this form of waste. Additionally waste is caused when colours or polymers 
are changed, i.e., when producing the same product in a colour range or 
when changing from one product to another It is then necessary to 'purge' 
the injection barrel of the machine. The usual result is a lump of polymer 
which is both difficult to granulate and of varying colour/polymer and of very 
little value. It is possible to purge into a water tank but few, if any factories 
use the technique.

Consumer waste can vary from highly contaminated to clean and it is 
this aspect which most affects its re-use. Some contaminants may be driven 
off dunng recovery processing but others may prove dangerous not only to 
the processing plant but in the future use of the product.

OPPORTUNITIES FOR RE-USE 
Rubbers

rubber^Tnrf® ' be rightly concluded that to recycle
of re»clPd I h f  '' classification

conclusion is that, whilst 
in d  th T u T n f  "  I ! !" ' waste rubber
Nevertheies" exceptional economy
m arq inaU avino lTn k, impression that only
good bultneTs ™^^ber Of companies which make
L c h  co ro rn v  „ !  that at the head of



Tyres
Brief mention has already been made of retreading. To the layman 

conservationist, it is a process that is full or opportunity but when the 
conservationist is also a motorist many pitfalls become apparent and he 
purchases new tyres. There are a number of pros and cons of retreading and 
in general situation may be summarised by saying that with normal careful 
use, a tyre casing should outlast two treads. But, it may only require one 
unfortunate occasion with a brick or sharp kerb to create the beginning of a 
casing weakness which, with continued normal use, will get worse and 
possible render the tyre unfit for retreading. It is this hidden factor which 
makes many road users to become cautious. It must be accepted that some 
slightly weakened cases cannot be identified visually from the exterior or 
interior of the tyre. By the same token, if a tyre is driven over or against an 
object early in its first 'life’ and does not immediately puncture, it will have a 
potential weakness. Yet there are few who would in those circumstances 
remove the tyre for examination. There is, in all or us, a degree of illogicality.

Thcnnosel
ingredients T herm oplastics

(

Fig. 15.3: Recycling opportunities for rubber, thermoplastic and themiosetUng 
ingredients

The retread industry is very aware of the problem of casing inspection 
and discussions are in progress towards instrumenting a more positive method 
of examination for ply failure and ply separation.

It has always been a target for researchers to manufacture a better 
from of recyclable rubber Recent years have presented a number of new 
patents which are being carefully examined but as yet no breakthrough has 
been achieved at commercial level. Such a breakthrough would help the



rubber industry but would be unlikely to affect ttie natural problems of tyre 
disposal or re-use.
General Rubber Goods

There is currently very little use made of any used product of the genera! 
mbtjer goods sector Diversity of compound, costs of collection and segregation 
are technically reasons for lack of industrial interest but practically, it must 
also be acknowledged that there is lack of a necessity. In its formative years 
the main products were shoe soling and cycle tyres. They were collected as 
tyres are today If necessary, they could doubtless be collected, and re­
used.
Thermoset

A similar result it conceivable from thermoset plastics as is obtained 
with rubber. However, the market is very much smaller and the need is 
negligible. Thermoset polymers are usually compounded with 40-60% filler 
and the fillers are relatively cheap materials. Furthermore, more than one 
type of filler is used.

It is easy to see that variety, low percentage of polymer and small 
market do not encourage much interest in recycling.

It has long been known that, by re-grinding waste thermoset material to 
a powder, a percentage could be introduced in place of a new filler. The cost 
and operation of grinding often made it unattractive and there are few companies 
who bother with the process today

It is reasonable to suppose that some form of pyrolysis might also be 
applied to recover a base resin. Here again, the cost and usefulness angles 
are probably the major factors affecting its adoption.
Thermoplastic polymers

Opportunities for re-use must also be considered separately for factory 
waste and consumer waste. The criteria of contamination and identity is of 
paramount,importance, particularly where thin sections are involved, or where

IrfZaXtaf
Factory waste

adoDtPri°on?T"®^ recycling their own waste and have
adopted one of a number of courses of action.

SDruesanrt products virgin material is used. For non-critical products,

prodLte r T f H  ^PP"=a«°ns may be used in down-graded
is practised n p n r!n ^ !f polymers, grades of polymers and colours

g ded scrap (e.g., PVC) and contaminated mixtures such



Hecyclii'B R“ *><>ers and Plastics 385

asoccu rw hen  colour or material is changed on a machine are discarded as 
rubbish.

Usually colour is found to deteriorate before physical properties are 
nrossly affected and this is the guide which determines whether material is 
discarded. A particular example of this is shown in the photographs of low- 
density polystyrene. The material was beginning to show signs of brittleness 
after the sixth pass but it is apparent that some loss of clarity had occurred 
much earlier. It is, however, important to appreciate that every unit of work 
which is applied to a plastic cause a change in physical properties which, 
although not grossly affecting the product quality, will require some slight 
alteration in processing conditions. Table 15.1 shows the effects on a material 
which has simply been re-ground after one extmsion. Not only has the 
characteristic quality of the material been changed but it has been found 
necessary to change the output rate of the machine.

Table 15.1: Properties of virgin and re-ground powder

Virgin Re-ground

Bulk density 682 g.1 613 g/1

Output rate 226 g/min 183 g/min

Fusion started 12 turns 12 turns’

Fusion complete 80% at die 50% at die

Melt pressure at die 1875 psi 1800 at die

Melt temperature at die 210“C ig?'C

Appearance Brrtlie in places, 
glossay. smooth 
some porosity

Tougti
ripples on one 
side, no porosity

Motor current (amps) V.0-7,5 6.0

Hopper flow Good Poor

Brabender fusion time 25min 24min

Brabender melt torque 3150 Mg 3150 Mg

Brabender melt temperature 185’C 198‘ C

Decisions whether to recycle should, therefore, be both technical and 
economic ones. Plastics generally involve a low labour content, hence material 
cost and production rate are the main ways of economising. It is not sufficient 
to say that because a material is capable of recycling it should be recycled 
within that particular factory nor indeed within any factory.
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Consumer Waste
Conversion of consumer waste incurs the additional hazards of-
i. Product and general contamination

ii. Identity.
Losses and changes, caused by the actual recycling of the material 

are multiplied out of all proportion when the product as well as dirt have to be 
considered. To promote the re-use of consumer waste it is necessary to 
revise many of the concepts which are at the foundation of plastics processing 
The most important of these are -

I. Thin-wall section
ii. Minimum material content.
At the extreme, a lump of grit can easily be larger than the thickness of 

the plastic sheet on which it resides. Re-extrusion must inevitably give rise 
to a faulty product with holes or grit protruding from both faces.

Material cos* is relatively high for virgin polymers. Consumer scrap 
should be much less although it will attract costs of collection, separation 
and washing. Hence, more material can be afforded. This fact creates problems 
elsewhere because more energy will be required to heat and cool the material, 
most of which are good heat insulators, and processing time will be increased!

A number of companies in Europe, Japan and America have attacked 
this problem, some successfully, but it is largely a market development 
exercise, not a problem of plastics technology

ULTIMATE DISPOSAL

Limitations on re-use currently make it a necessity to find a satisfactory 
method of disposal, but even with good techniques and markets for recycled 
polymers, there will come a time when no further re-use is possible and 
disposal is the only course of action.

Traditional methods of disposal have received criticism from many 
quarters but cheaper alternatives are very elusive and, until such time as new 
techniques are evolved and adopted, landfill is likely to remain the most 
frequently used technique.

The first task is, therefore, to make the best use of existing methods. 
Having ensured this, it will become important to attack the problem of resource 
utilisation. This is the second, but infinitely more important task 
Landfill

Department of the Environment report “Refuse Disposal” quoted
the figures given in Table 15.2.
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Table 1S.2; Disposal of waste

Disposal

Direct tipping on land
pre-treatment by separation/incineration

Direct incineration

Pulverisaiton
Composting

7.6

0.7

1.0
0.3

Direct incineration and pulverising are being adopted increasingly but 
direct tipping will remain the major method for a number of years.

In landifill, plastics and mbbers represent relatively inert matenals which 
take many years to decay longer than metals but less than ceramics. Large 
articles can thus form pockets in a tip into which concentrations of other 
materials may collect. Otherwise, however, they will not, by themselves cause 
pollution by leaching.

Degradation, whether natural or accelerated, can be ̂ ^ e re n t  matter 
and accL ra tion  may be caused by spontaneous combustion. Hence it is

reclaimed lands.
Reversion to base materials

Polymers are and m a n y  s m a l l  fractions result which
most materials the route is not easy and y oriqinated. A notable
are not readily reverted into the P f  S t  made, and
exception is methyl eTurned F o rt^ ^  remainder, the best
back into which acrylic street ma^ be tur - companies which
that can be done is to use the distillate as a reeus 
make a wide range of chemical hydrocar o ,

Conversion to Heat t-.

eventual incineration. Catorific values (save for PVC) are hign, su.pn 
is low and, plastics burn easily (Table 15.3).



Polymer Calorific value ^  
Btu/lb

Polyethylene 1.89x10-'

Polyfsoprene 1.84 X 10*
Nitflle rubber 1.70 x io *
Polyisobutylene 1.89 X 10-'
Potystyrene 1.67 X 10'*
Polyvinyl chloride 0.67 X 1Q4
SBR rubber 1.77 X 10-
(House coal) 1.2 X 10̂

Furthermore, incineration results in the maximum percentage volume 
reduction. Tyres have been reduced to around 5% of the original weight and 
volume.

THE FUTURE

It was popular to forecast a civilisation engulfed by plastics waste. We 
believe, we have learned the fallacy of this argument although there is still in 
many quarters a reluctance to face the impending facts and plan for disposal 
and re-use. The days of cheap fuel have ended suddenly and we have been 
told that a saving in energy use has been achieved. To sum up, recycled and 
carefully discarded rubbers and plastics can make their contribution so that 
the advantages which they have given society in their prime uses may be 
converted into still more advantages when they are discarded
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Useful Information

ABBREVIATION
AC azodicarbonamide
ADS air-dried sheet
AHEM Association of Hydraulic Equipment Manufacturers
APF all purpose furnace (black)
ACM polyacrylic rubber
ASTM American Society for Testing and Materials
AU polyuretfiane (ester) mbber
AZDN azoisobutyronitrile
BASRM British Association of Synthetic Rubber

BR
Manufacturers 
polybutadiene rubber

BS British Standard
BSH benzene sulphonyl hydrazide
BSI British Standards Institution
CBS cyclohexyl benzthiazyl sulphenamide
CCV catenary continuous vulcanisation
CF conductive furnace (black)
CHR chlorinated butyl rubber
COD cyclooctadiene
CR polychloroprene rubber
CSM chlorosulphonated polyethylene
CV continuous vulcanisation
CVNR constant viscosity natural njbber
DBP dibutyl phthalate
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DCPD dicyclopentadiene

DIN Deutsches Institute fiir Normung

DNPT dinitrosopentamethylene tetramine

DOTG di-o-tolylguanidine

DPG diphenyl guanidine

OPTS dipentamethylene thiuram tetrasulphide

EDTA ethylene diamine tetraacetic acid

ENB ethylidene-norbornene

EP ethylene propylene oibber

EPC easy processing channel (black)

EPDM ethylene propylene terpolymer rubber
EPM ethylene propylene copolymer rubber
ETU ethylene thiourea mercaptoimidazoline
EU polyurethane (ether) rubber
EV efficient vulcanisation
EVA ethylene vinyl acetate
FEF fast extrusion furnace (black)
FF fine furnace (black)
FPM* fluorocarbon njbber
FSI* fluorosilicone rubber
FT fine thermal (black)
FVSI* fluorosilicone rubber
GMF quinone dioxime
GPF general purpose furnace (black)
GR-S Government rubber-styrene (GBR)
HAF high abrasion furnace (black)
HBS cyclohexyl benzthiaxyi sulphenamide
HCV horizontal continuous vulcanisation
HMDA hexamethylene diamine
HMF high modulus furnace (black)
HMT hexamethylene tetramine
HOFR heat resisting, oil resisting and flame retardant
HPC hard processing channel (black)



HS
HSMB
lEC
HR
IISRP
IR
IRHD
IRI
ISAF
ISO
LM
LS
LVN
LVNR
MB

MBI
MBT
MBTS
MDi
MOCA
MPC
MPF

MRPRA
MRRDB

Mr
NBR

NDI
NR

NS
OB
OENR
OEP

high structure (black)
hydrosolution masterbatch
International Eectrotechnical Committee
isobutylene isoprene (butyl) rubber
International Institute of Synthetic Rubber Producers
polyisoprene rubber (synthetic)
internal rubber hardness degree
Institution of the Rubber Industry
intermediate super abrasion fumace (black)
International Organisation for Standardisation
low modulus (black)
low structure (black)
limiting viscosity number

low-viscosity natural rubber
masterbatch

mercaptobenzimidazole
mercaptobenzthiazole
dibenzthiazyl disulphide

diphenylmethane-4,4-diisocyanate
4 ,4-methyl-bis-2-chloroaniline
medium processing channel (black)
medium processing fumace (black)

Malaysian Rubber Producers Research Association 
Malaysian Rubber Research and Development 
Board

medium thermal (black)

acrylonitrile butadiene copolymer (nitrite) rubber 
naphthalene-1,5-diisocyanate 
natural rubber 
non-staining (black)

pp'-oxy-6/s-benzenesulphonylhydrazide 
oil-extended natural rubber 
oil-extended polymer

<
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dicyclopentadiene

DIN Deutsches Institute fiir Normung

DNPT dinitrosopentamethylenetetramine

DOTG di-o-tolylguanidine

DPG diphenyl guanidine

DPTS dipentamethylene thiuram tetrasulphide

EDTA ethylene diamine tetraacetic acid

ENB ethylidene-norbonnene

EP ethylene propylene rubber

EPC easy processing channel (black)

EPDM ethylene propylene terpolymer rubber

EPM ethylene propylene copolymer rubber

ETU ethylene thiourea mercaptoimidazoline
EU polyurethane (ether) njbber

EV efficient vulcanisation

EVA ethylene vinyl acetate
FEF fast extrusion furnace (black)
FF fine furnace (black)
FPM* fluorocarbon rubber
FSI* fluorosilioone rubber
FT fine thermal (black)
FVSI* fluorosilicone rubber
GMF quinone dioxime
GPF general purpose furnace (black)
GR-S Govemmentoibber-styrene (GBR)
HAF high abrasion furnace (black)
HBS cyclohexyl benzthiaxyl sulphenamide
HCV horizontal continuous vulcanisation
HMDA hexamethylene diamine
HMF high modulus furnace (black)
HiWT hexamethylene tetramine
HOFR heat resisting, oil resisting and flame retardant
HPC hard processing channel (black)
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HS
HSMB
lEC
HR
IISRP
IR
IRHD
IRi
ISAF
ISO
LM
LS
LVN
LVNR
MB

MB!
MBT
MBTS
MDI
MOCA
MPC
MPF
MRPRA

MRRDB

ivrr

NBR
NDI
NR

NS
OB
OENR
OEP

high structure (black)
hydrosolution masterbatch

International Eectrotechnical Committee
isobutylene isoprene (butyl) rubber
International Institute of Synthetic Rubber Producers
polyisoprene rubber (synthetic)
internal rubber hardness degree
Institution of the Rubber Industry
intermediate super abrasion furnace (black)
International Organisation for Standardisation
low modulus (black)
low structure (black)
limiting viscosity number

low-viscosity natural rubber
masterbatch

mercaptobenzimldazole
mercaptobenzthiazole
dibenzthiazyl disulphide

diphenylmethane-4,4-diisocyanate
4, 4-methyl-bis-2-chloroaniline
medium processing channel (black)
medium processing furnace (black)
Malaysian Rubber Producers Research Association 
Malaysian Rubber Research and Development 
Board

medium thermal (black)

acrylonitrile butadiene copolymer (nitrite) rubtser 
naphthalene-1,5-diisocyanate 
natural rubber 
non-staining (black)

pp'-oxy-ft/s-benzenesulphonylhydrazide 
oil-extended natural rubber 
oil-extended polymer
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oil-extended styrene butadiene rubber

PAUS D a le  amber unsmoked sheet

PBN phenyl-p-naphthylamine

PMMA pdymerttiylmethacrylate

PP partially purified

pphf parts per hundred of rubber

ppm parts per million

PRI plasticity retention index

PSI* phenyl methyl silicone rubber

PTFE polytefrafiuorethylene

PVA polyvinyl alcohol
PVC polyvinyl chloride
p v s r phenyl vinyl methyl silicone rubber
RAPRA Rubtier and Plastics Research Association
RFL resorcinol fomialdehyde latex
r.h. relative humidity
RRIM Rubber Research Institute of Malaysia
RSS ribbed smoked sheets
SAP super abrasion furnace (black)
SATRA Shoe and Allied Trades Research Association
S8R Styrene butadiene rubber
SC stow-curing (black)
SCF super conductive furnace (black)
SCI seal compatibility index
SI* dimethyl silicone rubber
SMR standard Malaysian njbber
SP superior processing (NR)
SPF super processing furnace (black)
SRF semi-reinforcing furnace (black)
TCR technically classified rubber
TDI toluene diisocyanate
TDM tertiary dodecyl mercaptan
Ib lU tetraethyl thiuram disulphide
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TMTD tetramethyl thiuram disulphide
TMTM tetramethylthiuram monosulphide
TR polysulphide rubbers
VCV vertical continuous vulcanisation
VGC viscosity gravity constant
VP vinyl pyridine
VSI* vinyl methyl silicone rubber
WLF Williams Landel Ferry (equation)
XCF extra conductive furnace (black)
ZDC zinc diethyl dithiocarbamate
ZDIMDC zinc dimethyl dithiocarbamate

SYMBOLS
A area

c
D
D
E
esu
H
F
f

G'
G"
H
AH
h
k

angstroms = 10-“ cm or 10"̂  
bulkiness (of black) 
driving torque, 
rate of creep 
length of crack 
electrical conductivity 
volume fraction of filler 
diffusion coefficient 
diameter
young's moludus, extrusion shrinkage 

electrostatic units
effective plume height (H’ + AH), metres 

force
shape factor 
elastic shear modulus 
viscous shear modulus 

hysteresis
latent heat of vaporisation
height of uniformly mixed inversion layer, metres

Boltzmann's constant



DL
M
M

H

m
N

n
n
P

P

P

Q .

R

f

S
STP

t

",
V.
V
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length 
torque
maximum ctiange in torque during vulcanisation 
molecular weight
average molecular weight of phase
number average molecularweight between cross-
links
metre or mass

number of chains per unit volume 
(tow index

sum of numerical values (frequency); or a number
penetration rate

anisometry (of black)
total pressure
partial pressure
anisometry (of black)

permeation coefficient

ASTM D1418 now uses the symbols FMQ FVMQ,
PMQ, PVMQ and tl^Q in place of FSL, FVSI, PSi!
PVSI and SI respectively: and FKM in place of FPm !
differential heat of adsorption
rate of recovery,

ideal gas constant
radius

rate of stress relaxation, solubility

standard temperature and pressure, 32“F and 1 
ahnosphere

absolute temperature,

structure factor (of black)
glass transition temperature
time

volume fraction of rubber in swollen gel 
molecular volume of the solvent 
volume adsort)ed



V „
V

W

volume adsorbed to form monolayer 
velocity
stored energy density 

work per unit volume

e
h

V

r
s
F
t
c
W

( strain
surface energy 
rate of strain

( phase angle, 
solubility parameter 
strain (tension) 
rate of strain (tension) 
viscosity 
extension ratio
number of cross-links (per cubic centimetre)

density
stress
ctiaracteristic energy (per unit area of crack) 
relaxtion time
interaction constant (Flory Rehner equation) 

Angular velocity

CONVERSION FACTORS

To convert Multiply by

Millimetres (mm) to inches 
Metres (m) to feet 
Metres (m) to yards
Square centimetres (cm^) to square inches

Cubic centimetres (cm^) to cubic inches
Cubic centimetres (cm^) to pints
Grams (g) to ounces
Kilograms (kg) to pounds
Kilograms-force per square centimetre (kgf/cm^)
to pounds-force per square inch

0.039
3.28
1.09

0.155
0.061
0.0018

0.035
2.205

14.3



Degress Centigrade (C) to degress Fahrentielt 1-8  and add 32

1 megagram (Mg) = 1 ton approx.
1 gigagram (jg) = 1000 tons approx.

Multiples and Sub-multiples o f Metric Units

Multiple Prefix Symbol

10'̂ tera T
IQS’ giga G
10® mega M
W i<llo i<

W hecto h
10 deca da
10-' dec! d
10= centi c
10^ milli m
10« micro m
10^ nano n
10’^ pico P
10-“ femto f
lO-ie atto a



Quality Control In Rubber Industry

INTRODUCTION
The last 3-4 decades have witnessed a remarkable transformation of 

quality function in the rubber industry. From a minor obscure activity visually 
relegated to the lowest level, it has emerged as a major industrial function 
which has attracted the attention of senior management. Front page news 
can be due to negligence of quality and can form the basis of law suits 
running in millions.

Before going on to quality control, let us analyse what is quality. Of all 
concepts in the quality function none is more important than the principle of 
'Fitness for Use'. Fitness for use ir determined by all *' 3 features of a product 
which the consumer considers as beneficial and necessary to him. The user 
is exacting and carefully scrutinises the product which means that the more 
the features are beneficial to the consumer, the better the quality.

FACTORS RESPONSIBLE FOR QUALITY CONTROL
The major parameters which are responsible for 'Fitness for Use' are -

i. Quality of design
ii. Quality of performance

iii. The abilities

iv. Field service.
The above parameters are converted into standards and when we say 

quality control, we mean controlling the standards.

Quality Control
Quality control is the regulatory process through which we measure 

actual quality performance, compare it with the standards and act on the 
difference. The other common meaning which is associated with quali^ contro 
is function or duty which must be carried out to achieve the quality of th« 
product.



According to Japanese Industrial Standards, quality control is "a system 
of mettiods wtiioh ensures the economical manufecture of products combined 
with quality to satisfy users' needs”.

There are enormous topics which are related to ‘total quality control' 
which involves quality planning, quality cost and quality improvement. Vendor 
classifications are based on quality and so many other factors. Here, we 
shall be restricting ourselves mainly to statistical quality control. Is statistical 
quality cotntrol, most of the decision-making in the quality functions rest on 
the base of statistics, i.e., the collection, analysis and interpretation of data 
Some of the items or problems for which the statistical tool kit helps are -

i. Predicting future results
ii. Predicting the performance orfailure rate

iii. Determination of sample size to estimate true value, tolerance limits, etc 
Important tools of statistical quality control

i. Frequency distribution
ii. Control charts

iii. Acceptance sampling.
Results of statistical quality control

i. Improvement in quality and reliability

N. Reduction in scrap and rework, leading to economy in raw materials 
used

III. Location and removal of production bottlenecks

iv. Scientific evaluation of standards for quality and production 
V. Decreased inspection costs

Vi. Improved level of customer satisfaction and the company's image 
Quality characteristics

The quality control characteristics can be divided in two categories -
i. Measurable

ii. Non-measurable.

are called cariables and that which
Examples of m easurab leL rT  ri ai'e termed as attributes,
of parts etc Examnioc r ® ®'^°f®^3fts, length, weight and width

DATA COLLECTION AND SUMMARISATION

collection of dâ ta and quality control tests is based on the
data and summans.ng ,t. Sometimes one method provides a



ful and complete summarisation. In other cases, two or more methods 
are necessary to have complete clarity.
Prequency Distribution

Frequency distribution is a simple statistical tool in which large data 
re presented in such a way that the central tendency and dispersion are 

made very clear. The Table 17 .1 shows the raw data representing the tube
w e ig h t  of 100 tubes.

Table 17.1: Weigtit (kg) of 100 tubes

3.37 3.34 3.38 3.32 3.33 3.28 3.34 3,31 3.33 3.34

3.29 3.36 3.30 3.31 3.33 3.34 3.34 3.36 3.39 3.34

3.35 3.36 3.30 3,32 3.33 3.35 3.35 3,34 3.32 3.38

3.32 3.37 3-34 3.38 3.36 3.37 3.36 3.31 3.33 3.30

3.35 3.33 3.38 3.37 3.44 . 3.32 3.36 3,32 3 29 3.25

3.38 3.39 3,34 3.32 3.30 3.39 3.36 3.40 3,32 3.33

3.29 3.41 3.27 3.36 3,41 3.37 3.36 3.37 3.33 3.3e

3.31 3.33 3.35 3.34 3.35 3.34 3.31 3.36 3,37 3.35

3.40 3.35 3.37 3.32 3,35 3.36 3.38 3.35 3.31 3.34

3.35 3,36 3.39 3.31 3.30 3.35 3.33 3.35 3.31 3.31

It may be noted that the weights of tubes vary from 3-25 to ^ ^ .  ^he 
same data is shown in Table 17.2 after tabulation. Here, we ^ a v e  a r 3 n g e d  

the values in decreasing order, showing the number of times, or frequency of 
the occurrences of each value.

The Table exhibits a range of values from 3.25 to 3.44 or 17 intervals of 
10 grams each. When it is desired to reduce the
the data are grouped into cells. The above data is grouped into a frequency 
distribution of only six cells, each of 30 grams (Table 17.3).
Graphical Representation of Frequency Distribution

The characteristics of a frequency distribution are revealed even more 
clearly when represented graphically. There are several 
a frequency distribution in graphical foma. The most important s he ̂ e ^  
histogram. Here the horizontal axis is divided into
different class intervals and the heights are proportional to the frequencies.

Frequency Curve
If the middle points of the rectangular bars are joined by s l ig h t  lines 

the resulting curve is known as the frequency curve, For a smoo 
groups of the class intervals are made narrower.



Weight (kg.) Tabulation Frequency Cumulattve
frequency

3,45
3.44 1, 1 1

,3 43
3.42 -
3.41 1 2 3

3.40 1 2 5
3.39 III 4 9
3.38 1 6 15
3.37 III 8 23
3.36 III 13 36
3.35 nil 14 50
3.34 I 12 62
3.33
3.32 HI!

10
9

72
81

3.31 Rll 9 90
3,30 5 95
3.29 HI 3 98
3.28 1 1 99
3.27 1 1 100
3.26
3.25 '

Tola! 100

Table 17.3: Frequency distribution of tube weight

Boundaries Midpoints Frequencies Cumulative
frequency

3,415 - 3.445 3.43 1 1
3.385 - 3.415 3,40 8 9
3.355 - 3.385 3.37 27 36
3.325 - 3.555 3.34 36 72
3,295- 3,325 3.31 23 95
3.265 - 3.295 3.28 5 100



M easu res  of Central Tendency
In a frequency distribution curve, it wiii be observed that most of ttie 

values will be concentrated within a region which is somewhere between the 
two extremes. This is the region where the process is set. It is known as the 
rentral tendency and is one of the two most fundamental measures m 
statistical analysis.

The three principal measures of central tendency are -
i. Arithmetic mean, which is calculated by adding the observation and 

dividing by the number of obsen/ations
li. Median, the middle value when the figures are arranged according to 

size
ill, Mode-value, which occurs most often in data.

The arithmetic mean is the value which is commonly used measure,

Weasure of Dispersion
Data is always scattered around the central tendency and the extent 

to which this data is scattered is called dispersion. The measure of dispersion 
is the second of the two most fundamental measures.

Commonly used measures of dispersion are range and standard 
deviation. Range is defined as the difference between the 
minimum value of a set of observations. As the range is ^ ^ e d  °n on^  ̂two 
values, it is useful when the number of observaUons is small (maximum 10).

The most important measure of dispersion is the standard deviation 
which is best defined in the form of a fomiula -

n-^1
where, S = Standard deviation 

X = Observed values

X  = Arithmetic mean 
n = No. of observations.

Example - The weight of 15 samples of an item were - 6,9 ,12, ? 

10,6, 5, 7, 5, 9, 11, 8, 7.

-  6 + 9 + 1^ - 1 1 1 1 8 + 1  = 8
15

S =
1(x,-x)^=+(x.-_jO_, =

n - 1  V

( 6 - 8 f + 0 - 8 ) ^ +  .... 

14
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Procedure for Setting Control Charts for x-R Chart
1. Select a sample of convenient size (usually 3 to 5 successive items) 

and measure the important quality characteristics of each of the 
items.

2. Record all these measurements on a suitable data sheet.
3. Compute the mean and range of these measurements and record 

them on the data sheet.

4. Repeat (1) to (3) until about 25 such samples have been collected 
maintaining a uniform sample size throughout.

5. Accept the final value of R as being the standard range for the process.
6. Read off the value of A from the Table A corresponding to the sample 

size of n.

7. Compute AR.

8. Compute (h + AR) - this is the upper control limit for sample means.

9. Compute (n - AR) - this is the lovi^er control limit for sample means.
10. Read off the value of D from Table-A corresponding to the sample 

size of n. ^

Computer d R - this is the upper control limit for sample ranges.
Prepare charts for sample means and ranges on a squared
background with the range chart situated exactly below the mean
charts on the same piece of paper. The charts will show the values of

h o n V n n t?  ‘ ® '^ft With a
honzontal scale indicating the time and date of sampling.

a?rt"rrnn® Of samples and record the mean
and riatp nf f c h a r t s  against the time
techn irl^h ^"'^ ’ at which anytechnical change in the process occurred.

to Standard

t h V Z r a S g e  chart^s°'"‘

Chart , ? ' r n d t t . ° ' " ' ‘ f ' e ^^nge 

medied immediately by appropriate technical action.

11.

12.



16. If any plotted point falls on or beyond the control limit on the mean 
chart, it indicates a shift in the process level which should be remedied 
by a setting change.

The values of A and D for sample size 3 to 5 are shown as under -

Sample size A D

3. 1.023 2.574

4. 0,729 2.282

5. 0.577 2.114

Interpretation of X and R Charts
The possible interpretations are as follows -

a. Average chart goes out of limits.
This Indicates that the average setting of our process has changed. 
The explanation is as followg -

b. Sudden change - possibilities are -
i. A new batch of material with different characteristics has been 

started.
ii. A chemical batch has suddenly picked up an impurity, perhaps 

because contaminated work has been inserted into it.
iii. Unauthorised adjustment, forexample, of curing temperature.

c. Gradual change - the following are examples of h-"*' = '^nf* might be 
caused -
i. Chemical batches are becoming gradually spent.
ii. There has been a gradual build-up of impurity in a chemical 

batch.
iii. A gradual drift in a process setting.

iv. Range chart goes out of limits -
The range going out of limits indicates that the process variability has 

increased.
d. Possible reasons for a increase in variability are -

i . A batch of much more variable material has been started

ii. Ingredients have not been properly mixed.
iii. Temperature distribution within a furnace is uneven, perhaps 

because a heater has failed or a vent has become blocked.

iv. There may be operator variations, for example, in timing a cycle.



CONTROL CHARTS FOR NON-MEASURABLE CHARACTERISTICS

Control charts for X and R require actual measurements to be made,
e.g., lengtrti control charts. For non-measurable characteristics, normallycalled 
attributes, only a count of observations of characteristics is required. As in 
the case of the chart for X and R, samples are taken from production at 
regular intervals and number of defects, recorded. The chart enables us to 
take corrective action when the proportion of defects is abnormally high. 
Attribute charts must be designed to suit the process concerned and based 
on the study of past performance.

The two main control charts of attributes are as follows -
i. Erection of per cent defective chart (p chart)
ii. Number of defects per unit chart. (c chart) 

Fraction Defective Chart (p chart)
This is a single chart showing the number of defective items observed 

in a sample of n items or the fraction defective in a sample. The fraction 
defective may be used with respect to a single quality characteristic or with 
respect to two or more characteristics considered collectively. The control 
chart line for samples of sizes n are -

Control line for = p = p ± 3 -  — —

where P is the total of defectives in all samples divided by the total units in all 
samples and "n" is the number of units in any sub-group. The control chart for 
P is most effective when sample size is greater than 50 or when the number 
of defective units per sample is 4 or more. Data for calculation of the p chart 
is given in the Table 17.4.

Calculation for p Chart

The total number of tyres tested was 14163. The total number found to 
be defective was 1010. The average sample size was

The average fraction defective was



Table 17.4: Calculation o f p chart

Week no. No. tyres 
inspected

No. of defective 
tyres

Fraction 
defective p

724
763
748
748
724
727
726
719

759 
745 

736 
739 
723 
748 
770 

770 
719 

757
760

48
83

70
85
45
56 
48 
67 
37
52 
47
50 
47
57
51 
51
53 
34 
29

0.067 
0 109 
0-094 
0.114 
0.062 
0.077 
0.055 
0.093 
0.049 
0.070 
0.064 
0.068 
0.065 
0.076 
0.066 
0.066 
0.074 

0.045 
0.038

Total
Average

14163
745.42

1010
53.16

1.352
0.071

Control limits for the chart = p ± 3 -  /pC I-P) = 0-071±

g jO X m ( 1 _ a O ^  = 0.071 ± 0.023 = 0.043 and0.10 
V /  hO.hA

Thus the upper control limit for P = 0.10 and the lower limit for P = 0,043 

Number of Defects per Unit Charges
This chart makes direct use of the count of defects. This chart is effective 

when the number of defects in a unit is large but the percentage of any defect 
is small. Examples are defects on a metre of yarn, breakdown on a machine 
per shift. As an example, the defects per unit of yam are given in Table 17,5,



Table 17.5: Defects per unit o f yarn

Sample no. Total defects Defects per unit

1, 17 1.7

2. 14 1.4

3. 6 0.6

4. 23 2.3

5. 5 0.5

6, 7 0.7
7, 10 1.0
8. 19 1.9
9. 29 2.9
10. 18 1-8
11. 25 2.5
12. 5 0.5
13. 8 0.8
14. 11 1,1
15. 18 1.8
16. 13 1.3
17. 22 2.2
18. 6 06
19. 23 2.3
20. 22 2.2
21. 9 0.9
22. 15 1 5
23 20 2.0
24. 6 0.6
25. 24 2.4

Total 375 37,5

Calculation

Formula for control chart lines are 

Control limit for c chart = = g  = c ± 

rami^ number of defects in all samples divided by the number of



Number from the table central line = c'= = 15.0

Control limits = c ± ±  sVTaO

= 15.0 + 11.6189 
Thus upper control limits for C chart = 26.6189 

Lower control limits for c chart =3.381

INTERPRETATION OF p AND 0 CHART

A point above the upper control limit in a p or c chart indicates a 
deterioration in the quality level and hence corrective action is needed. A 
point below/ the lower control limit indicates "too good' a quality to be a 
standard performance. Just as an assignable cause is suspected to have 
influenced a point outside the upper control limit, it is reasonable to suspect 
that another assignable cause would have created that "too good" perfomnance. 
The correcive action in such a case naturally, is to identify that assignable 
cause and perpetuate it in the process so that the standard performance is 
improved.



Suppliers of Plant and Equipments
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T E L  : +91 (0) 4 0  3 0 9 6 3 5 5  
F A X : +91 (0) 4 0  3 0 9 8 1 6 3

B a s e  I n d u s t r ie s
P lo t  N o . 1 3 8 -B  
ID A , M a lla p u r
H y d e ra b a d , A n d h r a  P ra d e s h -5 0 1 5 0 7  

T E L  - +91 (0) 4 0  7 8 2 3 0 7 3  
F A X  : +91 (0) 4 0  7 8 2 3 0 7 3
E-mail: enfabs@hd1.vsnl.net.in

A v t a r  S in g h  &  S o n s
C -1 2 9 , P h a s e - l l  
M a y a p u r i
N e w  D e lh i-1 1 0 0 6 4 .
T E L  : +91 (0 ) 11 2 5 1 3 0 8 6 1  
F A X  : +91 (0 ) 11 2 5 1 6 0 7 5 2

I n d u s t r ia l  M a c h in e r y  C o .
2 0 5 , K a n c h a n  H o u s e  
K a r a m p u r a  C m p lx .
N e w  D e lh i-1 1 0 0 1 5 .
T E L  ■ +91 (0 ) 11 2 5 1 1 6 1 5 9  
F A X  : +91 (0 ) 11 2 5 4 3 1 7 0 6

mailto:malik@malilsengg.com
mailto:somanc@vsnl.com
mailto:asian@nde.vsnl.net.in
mailto:info@machinkraftequipment.com
mailto:enfabs@hd1.vsnl.net.in
mailto:enfabs@hd1.vsnl.net.in


R a v i E n g in e e r in g  W o r k s  f M .  L td . 
P ro p . J a n a k  I n d u s t r ie s  Pvt L td . 
1 8 0 4 ,  S t. N o .5 , (RIy. L in e  S id e )  
A n a n d  Paibat Ind l. A re a  
N e w  D e lh i, N C T  o f  O e lh i-1 1 0 0 0 5  
T E L  : +91 (0) 11 2 5 7 2 5 5 1 7  
F A X  . +91 (0) 11 2 5 ,764369  
E -m a il:  ra v ie n 9@ n d a .v s n l.n e l. in

S la c h  H y d r a te c s  E q u ip m e n t  P v t  L td .
15, N a ja fg a rh  R d .
N e w  D e lh i, N C T  o f  D e lh i-1 1 0 0 1 5  
T E L  : +91 (0) 11 2 5 4 4 1 9 1 7  
F A X : +91 (0) 11 2 5 4 4 1 9 1 6  
E -m a il:  s la c b @ d e l2 .v s n l.n e t . in

In d ia n  E x p e l le r  W o r k s  P v t .  L td .
A -4 , N a ro d a  Ind l. E s t.
N a ro d a
A h m e d a b a d , G u ja ra t -3 8 2 3 3 0  
T E L  : +91 (0) 7 9  2 8 2 1 8 5 S  
F A X  : +91 (0) 7 9  2 8 3 0 1 9 4  
E -m a il:  d in e s h @ in d e x p e ll . c o m

K e la c h a n d r a  I ro n  &  S t e e l  W o r k s
C h in g a v a n a m  
K o tta yam , K e ra la -6 8 6 5 3 1  
T E L  : +91 (0) 4 81  4 3 0 5 9 6  
F A X  : +91 (0) 4 81  4 3 0 4 0 6  

E -m a il:  k e la c h a n d ra @ v s n l.c o m

F r ig m a ir e s  E n g in e e r s  
J a n ta  Indl. E s t.
G a la  No . 8, 0 p p .  P h o e n ix  M ill 
S e n a p a t i B a p a t  M a rg  
L o w e r P a re !

M u m b a i, M a h a ra s h t r a -4 0 0 0 1 3
T E L  : +91 (0) 2 2  4 9 4 5 6 2 4  
F A X : +91 (0 ) 2 2  2 1 8 7 7 5 0  
E -m a il:  fe @ v sn l.c o m

B a in i t e  M a c h in e s
C -1 0

N a n d  D h a m  Ind l. E s t.
A g n is h a m a n  D a l M a rg , M a ro l 
A n d h e r i (E ) .

Mumbai, Maharashtra-400059 
t e l  : +91 (0) 2 2  8 5 0 5 9 1 0

F A X  : +91 (0 ) 2 2  8 5 0 0 4 6 5

E-mail: baintte@faom8.vsnl.net.in

D u r g a  I n d u s t r ie s
S a k s a l ia  Ind l. E s t ,
C h in c h o li  B u n d e r  R d .
M a la d  (W )

M u m b a i,  M a h a r a s h t r a - 4 0 0 0 6 4  
T E L  : +91 (0 ) 2 2  8 7 2 6 4 6 6

M a lik  E n g in e e r s
U n it  1, S h a i le s h  Ind l. E s t .  N O . 1
N a v g h a r
V a s a i  R d . (E )

P u n e ,  M a h a r a s h t r a - 4 0 1 2 1 0  
T E L  : +91 (0 ) 2 0  8 8 3 9 7 5 1  
F A X  : +91 (0 ) 2 0  8 8 3 0 7 5 1  

E -m a il:  m a lik @ m a l ik e n g g . c o m

M a n a v  R u b b e r  M a c h in e r y  P v t .  L td .
P lo t  N o . 2 4 -B ,  " P a r a m  S u k h s h a n t i ’  
2 /1 0 , 8  V  R d .,  J a w a h a r  N g r  
G o r e g a o n  (W )

M u m b a i,  M a h a r a s h t r a - 4 0 0 0 6 2  
T E L  : +91 (0 ) 2 2  8 7 2 3 1 6 6  
F A X  : +91 (0 ) 2 2  8 7 2 5 1 6 4

P M S  G r e a t  F l o o r in g s  P v t .  L td .
E - 1 3 B lo c k ,  M IO C  
B h o s a r i

P u n e ,  M a h a r a s h t r a - 4 1 1 0 2 6  
T E L : +91 ( 0 ) 2 0  7 1 2 2 9 8 9  
F A X : +91 ( 0 ) 2 0  7 1 2 2 3 3 2  
E -m a il:  m o t i@ p n 2 .v s n l .n e t . in

R ic h a r d s o n  &  C r u d d a s  (1 9 7 2 )  L td . 
A  G o v e r n m e n t  o f  In d ia  U n d e r ta k in g  
S i r J J R d .
B y c u l la  Iro n  W o r k s  
M u m b a i,  M a h a r a s h t r a - 4 0 0 0 0 8  
T E L  : +91 (0 ) 2 2  3 7 7 6 8 3 2  
F A X : +91 ( 0 ) 2 2  3 7 3 1 4 9 1

A n a n t  C o r p .
R O .  B o x  1 4  
B a s s i  R d .
S ir h in d ,  P u n ja b - 1 4 0 4 0 6  
T E L : + 9 1  (0 ) 1 7 6 3  2 2 1 8 7

mailto:ravien9@nda.vsnl.nel.in
mailto:slacb@del2.vsnl.net.in
mailto:dinesh@indexpell.com
mailto:kelachandra@vsnl.com
mailto:fe@vsnl.com
mailto:baintte@faom8.vsnl.net.in
mailto:malik@malikengg.com
mailto:moti@pn2.vsnl.net.in


P ^.+ 9 1  (0)1763 20187 
E-mail: anant_corp@vsnl.com

AnantEngg. Works
Bassi Rd.
Sirhind,
Punjab-140406
tel +91 (0) 1763 22037
FAX : +91 (0) 1763 22037

Anant Enterprises
P.O. Box 5,
Bassi Rd.
Sirliind, Punjab-140406 
TEL : +91 (0) 1763 22452 
FAX:+91 (0) 1763 20452

Sant Rubber Machines Pvt, Ltd. 
P.O. Box 3, Sirhind,
Punjab-140406.
TEL : +91 (0) 1763 20439 
FAX:+91 (0)1763 41360 
E-mail;

santrubber@santmachines.com

HP Singh & Co.
75, Ganesh Chandra Avenue 
Koll<ata,
West Bengal-700013 
TEL : +91 (0) 33 2371680 
FAX : +91 (0) 33 2255457 
E-mail; hpscocal@vsnl.com

GN Engg. Works
388/H/13, Tangra Rd.
Kolkata,
West Bengal-700015 
TEL ; +91 (0) 33 3297189 
FAX : +91 (0) 33 3295550

RUBBER MOULDING 
MACfflNERY

Am rut Brothers
24. Manorath Est.
Nr. Milan Cinema 
Saraspur
Ahmedabad, Gujarat-380018

T E L :+91 (0)79 2168163 
FA X :+91 (0)79 2168163 
E-mail: exports@amrutbrothers.com

Kloeckner Desma Machinery Pvt. Ltd.
Plot No. 5120 
Phase-IV
GIDC Estt., Vatva, Ahmedabad,
Gujarat-382445
TEL : +91 (0) 79 5840200
FAX : +91 (0) 79 5830384
E-mail: klockner@satyam.net.in

Emdet Jamshedpur Pvt. Ltd.
B-7 & 8. Indl. EsL
Adityapur
Jamshedpur,
Jharkhand-832109 
TEL : +91 (0) 657 407968 
FAX : +91 (0) 657 407968 
E-mail; emdet@netkracker.com

Durga Industries
Saksalia Indl. Est.
Chincholi Bunder Rd., Malad (W) 
Mumbai,
Maharashtra-400064 
TEL : +91 (0) 22 8726466

Larsen & Toubro Ltd. Heavy 
Engineering Divn.
Povrai Works
Saki Vihar Rd., Pov^ai
Mumbai,
Maharashtra-400072
TEL :+91 (0)22 8581401
FAX : +91 (0) 22 8581594
E-mail: 3870-sra@ve-dak.ltindia.com

Manav Rubber Machinery P v t Ltd.
Plot No. 24-B, “Param Sukhshanti" 
2/10, SVRd., JawaharNgr.
Goregaon (W), Mumbai, 
Maharashtra-400062 
TEL ; +91 (0) 22 8723166 
FAX: +91 (0) 22 8725164

(

mailto:anant_corp@vsnl.com
mailto:santrubber@santmachines.com
mailto:hpscocal@vsnl.com
mailto:exports@amrutbrothers.com
mailto:klockner@satyam.net.in
mailto:emdet@netkracker.com
mailto:3870-sra@ve-dak.ltindia.com


N o r th e rn  M a ch ir> e r ie s  P v t .  L td .
C -2 9 . Phase-11 
F o c a l P o in t ,
L u d h ia n a ,
P u n ja b - 1 4 1 0 1 0  
T E L  ; +91 (0 ) 161 6 7 1 5 0 9  
F A X  . +91 (0 ) 161  6 7 5 0 6 5  
E -m a il:  ra !s o n @ s a ty a m ,n e t . ln

P a l  M a c h in e  T o o ls  (R e g d .)
1 1390 . S t. N o . 2 
P a r ta p  Ngr.
IndK A re a -B , L u d h ia n a .
P u n ja b - 1 4 1 0 0 3
T E L  ; +91 (0 ) 161  5 3 4 8 5 4
E -m a il;  p a th y d ro n @ in d y a .c o m

B ra g a  I n d u s t r ie s  
6 3 -B . N o r th e rn  P h a s e  
A m b a t tu r  fnd l. E s t ,
C h e n n a i .
T a m il N a d u -6 0 0 0 9 8  
T E L : +91 ( 0 ) 4 4  6 2 5 4 1 0 3  
F A X ; +91 { 0 ) 4 4  6 2 5 7 0 3 2

H y d r o  C r a f t
11 -B , V ija y a la k s h m i L a y o u t 
1 s t S t.. G a n p a th y  
C o im b a to re .
T am il N a d u -6 4 1 0 0 6
T E L  ; +91 (0) 4 2 2  5 3 2 7 0 4
F A X  : +91 (0 ) 4 2 2  5 3 2 7 0 4
E -m a il;  g a n e s h _ h y @ re d if fm a il. c o m

L a r s e n  &  T o u b r o  L im it e d  H e a v y  
En gg ,
D iv is io n  R u b b e r  P r o c e s s in g  
M a c h in e r y
L  &  T  C h e n n a i  H o u s e  
P o s t  B a g  5 2 4 7 , 10  
C lu b  H o u s e  R d .
A n n a  S a la i 
C h e n n a i .
T a m il N a d u -6 0 0 0 0 2  
T E L ; +91 ( 0 ) 4 4  8 4 6 0 1 4 1  
F A X  ; +91 (0) 4 4  8 4 6 0 0 6 9

M o d e r n  P la s t i c s  E q u ip m e n t s
3 5 , P e ru m a i K o v il  T h o t ta m  
P  N  P a la y a m  R d ., N r. R I y  L e v e l 
C r o s s
G a n a p a th y  P O  
C o im b a to re .
T a m il N a d u - 6 4 1 0 0 6  
T E L  : +91 (0 ) 4 2 2  5 3 0 8 3 6

S k y  H y d r a u l ic s
1 3 -A . K a la iv a n a r  S t.
A th ip e t . C h e n n a i .
T a m il N a d u - 6 0 0 0 5 8 ,
T E L  ; +91 (0) 4 4  6 5 6 6 4 6 8  
F A X  : +91 (0 ) 4 4  6 2 5 9 3 5 2

T e x w in  H y d r a u l ic s  &  E n g in e e r in g  
2 0 7 , P O .  B o x  2 1 2 1  
B h a r a th ia r  R d .
G a n a p a th y .  C o im b a to re ,
T a m il N a d u - 6 4 1 0 0 6 .
T E L  : +91 (0 ) 4 2 2  5 3 3 5 9 9  
F A X  : +91 (0 ) 4 2 2  5 3 3 5 9 9  
E -m a il;  t e x _ h y d @ y a h o o .c o m

I n d u s t r ia l  M a c h in e r y  C o .
2 0 5 , K a n c h a n  H o u s e  
K a r a m p u r a  C m p lx .
N e w  D e lh i-1 1 0 0 1 5 .
T E L  ; +91 (0 ) 11 2 5 1 1 6 1 5 9  
F A X : +91 (0 ) 11 2 5 4 3 1 7 0 6

J R D  R u b b e r s .  P la s t i c  T e c h  P v t .  L td . 
K -4 9 , M o d e l T o w n  
D e lh i- 1 1 0 0 0 9 .
T E L  ; +91 (0 ) 11 2 7 2 3 4 9 4 7  
F A X : +91 (0 ) 11 2 7 4 1 6 2 9 5  
E -m a il;  j r d rp @ n d f .v s n l.n e t . in

K a r a m s o n  E n g in e e r in g  C o r p o r a t io n  
3 /24 , K ir t i N g r. Ind l. A r e a  
N e w  D e lh i-1 1 0 0 1 5 .
T E L  : +91 (0 ) 11 2 5 4 1 7 6 2 1  
F A X  : +91 (0 ) 11 2 5 4 3 3 5 7 7  
E -m a il:  k e n c o r@ s ify .c o m

mailto:pathydron@indya.com
mailto:ganesh_hy@rediffmail.com
mailto:tex_hyd@yahoo.com
mailto:jrdrp@ndf.vsnl.net.in
mailto:kencor@sify.com


S o p p . 'fe ^  of Plant and Equipments 

Matioj Engg. & Scientific Industries
P lot NO. 3. Gall NO. 1
Anand Parbat Indl. Area 
New RoMeI< Rd.
New Demi-110005 
TEL ; +91 (0) 11 25714314

Mishra Hydrauiic Pneumatic (India)
48/25/18 
Hastal Village 
Nr. Central School 
Uttam Ngr.
New Delhi-110059.
TEL : -^^1 (0) ■ ‘ 25648196 
FAX ; +91 (0) 11 25635927 
E-mail.
mishrahydraulic@mantraonline.com

Santee Hydrofluid Engineers
GD-96, 'Santee House'
Vishakha Enclave, Pitampura 
Delhi, NCT of Delhi-110088 
TEL ■ +91 (0) 11 27311039 
FAX ; +91 (0) 11 27315473 
E-mail, santec@bol.net.in

Slach Hydratecs Equipment Pvt, Ltd.
15, Najafgarh Rd.
New Delhi, NCT of Delhi-110015 
TEL ■ +91 (0) 11 25441917 
F A X ;+91 (0) 11 25441916
E-mail: slach@del2.vsnl.net.in

r u b b e r  m o u l d s

AV Engineers
Plof'No. 89, Sec:. 3,
IMT Manesar, Gurgaon, 
Harvana-122050
T E L :+91 (0)11
FAX : +91 (0) 11 4622520
E -m a il: a vengg@ bo l.ne t.in

Dheeru Tools
FCA-326, SGM Ngr 
Faridabad,
Haryana-121001
TEL : +91 (0) 129 5429310

Indo-Danish Tool Room
M-4 (Part), Phase-Vl
Tata Kandra Rd., Gamharia
Jamshedpur,
Jharkhand-832108 
TEL ■ +91 (0) 657 408061 
FA X :+91 (0)657 407723 
E-mail: idtr@dte.vsnl.net.in

Durga Preci.aion Tools & Dies
16, 2nd Gross 
MSR College Rd.
Bangalore,
Karnataka-560054 
TEL +91 (0) 80 3446115 
FAX : +91 (0) 80 3365105
E-mail: dptd@mantraonline.com 

Edizi Gauges Tools
C-4, 1st Main,
Kalappa Block, R C Puram 
Bangalore,
Karnataka-560021 
t e l  ■ +91 (0) 80 3123025 
FAX : +91 (0) 80 3120602 
E-mail: edizi@vsnl.com

RNR Techno Services
No. 33 ,13th ►"ain Rd. 
Mahalakshmi Puram 
Bangalore.
Karnataka-560086
TEL +91 (0) 80 3496848 
FAX : +91 (0) 80 3496848

Sanmuga Tools 
72, Rajeshwari Layout 
Begapalll Post, Hosur, 
Karnataka-635126
TEL : +91 (0) 8337 79638

Shankar Die Works
New No. 3/107 
Rajeswari Layout 
Govinda Agraharam 
Begapalli Post, Hosur,
Karnataka-635109
TEL : +91 (0) 8337 78701

mailto:mishrahydraulic@mantraonline.com
mailto:santec@bol.net.in
mailto:slach@del2.vsnl.net.in
mailto:avengg@bol.net.in
mailto:idtr@dte.vsnl.net.in
mailto:dptd@mantraonline.com
mailto:edizi@vsnl.com


S p a r k  E n g in e e r s
N -4 , P h a s e - I ll  
S I D C O  tnd i. E s t .,  H o su r, 
K a r n a la k a - 6 3 5 1 2 6  
T E L  : +91 (0) 4 3 4 4  7 7 7 3 6

T r iy a m i T o o ls
M P L U N , 2 1 , S e c t .  F  
S a n w e r  R d ., Indore , 
M a d h y a  P ra d e s h -4 5 2 0 1 5  
T E L  : +91 (0) 731  7 2 2 7 6 2  
r A X  ■ +91 (0) 731 7 2 2 7 6 2

A s h n a  E n t e r p r is e s  
C - 1 0 G ,  M a la d  Ind l. E s t. 
R a m c h a n d ra  E x tn . L a n e . 
K a c h p a d a , M a la d  
M u m b a i,

M a h a ra s h t r a - 4 0 0 0 6 4
T E L  : +91 (0 ) 2 2  8 8 8 5 3 1 7  
F A X : +91 ( 0 ) 2 2  8 8 8 5 3 1 7  
E -m a il:

a s h n a e n te r p r is e @ h o tm a il . c o m

L e k s h m i  D ie s  &  T o o ls  
R o o m  N o .B  2 1 8  
B h a g a t  S in g h  N gr. 2 
N o .2  R a ja ra m  G a l le r y  
G o re g a o n  (W ), M u m b a i, 
M a h a ra s h t r a - 4 0 0 1 0 4  
T E L  : +91 (0 ) 2 2  8 7 6 9 0 5 7

N a t io n a l  S t a n d a r d  D u n c a n  L td . 
P lo t  N o . F -4 , R d . N o . 2 2  &  U -2  
W a g le  E s t .,  T h a n e ,

M a h a ra s h t r a - 4 0 0 6 0 4  
T E L  : + 9 1  ( 0 ) 2 2  5 8 2 0 1 5 8  

F A X  : + 9 1  ( 0 )  2 2  5 3 2 0 9 5 2  
E -m a il:

n a s d u n . th a n e @ g e m s .v s n l .n e t . in

B h o s a r i,  P u n e ,

M a h a r a s h t r a - 4 1 1 0 2 6  

T E L : + 9 1  ( 0 ) 2 0  7 1 2 2 4 2 3  
F A X  : + 9 1  ( 0 )  2 0  7 1 2 2 4 2 2

S S  E n g g .  W o r k s  
1569 , S t, N o . 11 
D a s h m s e h  N gr.
L u d h ia n a ,
P u n ja b - 1 4 1 0 0 3  
T E L  : +91 (0 ) 161  5 3 6 8 9 5  
F A X  :+ 91  (0) 161  5 3 1 3 7 7

E le c t r o  D ie s  &  T o o ls  
P lo t  N o . 5 , R d . N o . 4  
2 2 , G o d a m  Ex tn .
Ind l. E s t .,  J a ip u r ,
R a ja s t h a n -3 0 2 0 0 6  
T E L  : +91 (0) 141  2 2 1 5 2 3 9  
F A X :  +91 (0) 141 2 2 1 2 4 9 2

E -m a il:  jo h a r ih a r i@ s a t y a m .n e t . in

A R R  P r e c i s io n  T o o ls  
1 418 , S a th y  R d .
G a n a p a th y , C o im b a to re ,
T am il N a d u - 6 4 1 0 0 6  
T E L  : +91 ( 0 ) 4 2 2  5 3 1 9 8 4  
F A X  : +91 (0) 4 2 2  5 3 2 0 2 8

C la s s i c  M o u ld s  &  D ie s
K -20 , A m b a t tu r  Ind l. E s t .
C h e n n a i ,
T am il N a d u - 6 0 0 0 5 8  
t e l  : +91 (0) 4 4  6 2 5 4 4 8 8  
F A X  : +91 (0 ) 4 4  6 2 4 4 0 8 3

E -m a il:  c la s s ic _ d ie s @ h o t m a i l . c o m

S r i  D e v i E n g g .  W o r k s
4 6 , K a m b a r S t . , T M P  N g r  
Padi, Chennai,
T a m il N a d u -6 0 0 0 5 0 .  
t e l  : +91 (0) 4 4  6 2 5 9 7 0 8

T o o l in g  C e n t e r  
9 /4 0 B , O n a p a la y a n  R d .
A u to  Ngr.

Edayarpalayam P .O  
Coimbatore,
T a m il N a d u - 6 4 1 0 2 5  
t e l  : +91 ( 0 ) 4 2 2  4 0 2 8 1 1  
E -m a il:  v _ b _ p ra ta p @ y a h o o .c o m

mailto:ashnaenterprise@hotmail.com
mailto:nasdun.thane@gems.vsnl.net.in
mailto:joharihari@satyam.net.in
mailto:classic_dies@hotmail.com
mailto:v_b_pratap@yahoo.com


G u ls h a n  E n g g .  W o r k s  
C B -7 ,  R in g  R d ., N a ra in a ,
N e w  D e lh i,  N C T  o f  D e lh i-1 1 0 0 2 8  
T E L  : +91 (0) 11 2 5 7 9 9 1 3 0

M a n ik  I n d u s t r ie s
F -1 4 2 . P h a s e - l l  
M a y a p u r i
N e w  D e lh i - 1 10 0 6 4 .
T E L  : +91 (0 ) 11 2 5 4 0 6 7 3 8  
F A X  ; +91 (0 ) 11 2 5 4 0 6 7 3 8  
E -m a il:  m a n ik in d u s t r ie s m p @ d e ih i-  
in d u s t ry .c o m

N ir m a l  E n g g .  W o r k s
4 /3 4 B , G a l l  N o . 4 -5  
A n a n d  P a r b a t  Ind l, A re a  
N e w  D e lh i-1 1 0 0 0 5 .
T E L  : +91 (0 ) 11 2 5 7 3 1 0 3 4

RUBBER MOULDING 
PRESSES

C r a n e - B e l  I n t e r n a t io n a l  P v t  L td .
E -7 ,  S e c t .  17 , K a v i  N g r  Ind l. A re a  
G h a z la b a d ,  U tta r  P ra d e s h -2 0 1 0 0 2  
T E L  : +91 (0 ) 1 2 0  4 7 0 2 1 0 7  
F A X : +91 (0 ) 1 2 0  4 7 0 0 3 3 9  
E -m a il:

m a c h in e t o o ls @ c r a n e - b e l. c o m

C M  H y d r o  S y s t e m s  P v t .  L td .
3 -6 -2 8 6 /6 1 7 , R K S  A p ts .
H y d e rg u d a ,  H y d e ra b a d ,
A n d h r a  P ra d e s h -5 0 0 0 2 9  
T E L  : +91 (0 ) 4 0  3 2 2 2 2 8 7  
F A X : +91 (0 ) 4 0  3 2 2 0 1 9 5  
E -m a il:  c m g ro u p @ h d 2 .v s n l .n e t . in

D y n a m ic  H y d r o fa b
B -1 9 5 , P lo t  P iy a r e la l  
L ib a s p u r  R d .
S a m a ip u r
D e lh i,  N C T  o f  D e lh i-1 1 0 0 4 2  
T E L : +91 (0 ) 11 2 7 8 9 0 3 8 8  
E -m a il:  d y n a m ic h f@ v s n l.n e t

A lp h a  I n d u s t r ia l  S y s t e m s
B -9 7 , P h a se -1
M a y a p u r i Ind l. A re a
N e w  D e lh i,  N C T  o f  D e lh i- 1 1 0 0 6 4
T E L  : +91 (0 ) 11 2 5 1 3 2 5 8 4
F A X  : +91 (0 ) 11 2 5 6 8 2 2 4 1
E - m a i l  t e e n a _ k h a n n a @ h o tm a l l. c o m

F lo w m e c h  E n g in e e r s  P v t  L td .
G -E x tn . 1, K ir t i Ngr.
N e w  D e lh i.  N C T  o f  D e lh i-1 1 0 0 1 5  
T E L  : +91 (0) 11 2 5 4 3 5 4 1 5  
F A X  : +91 (0 ) 11 2 5 1 9 1 2 5 5  
E -m a il:  n o w m e c h @ d e l3 .v s n i.n e t . in

H y d r o m e c h  A u t o m a t io n  P v t .  L td .
1-6 , D S I D C  C m p lx .
N a n g lo i
D e lh i. N C T  o f  D e th i-1 1 0 0 4 1  
T E L  : +91 (0) 11 2 5 4 7 4 5 6 3  
F A X ; +91 (0) 11 2 5 4 7 7 1 7 9  
E -m a il:

h y d r o m e c h @ c h e q u e m a il . c o m

H y d r o m e c h  P n e u m a t ic s  &  H y d r a u l ic s
W H -8 4 , P hase -1
M a y a p u r i Ind i. A re a
N e w  D e lh i.  N C T  o f  D e lh i-1 1 0 0 6 4
T E L  : +91 (0 ) 11 2 5 1 3 1 9 2 6
F.AX  : +91 (0) 11 2 5 1 4 2 5 5 4

J a in  H y d r a u l ic s  P v t .  L td .
1 s t  F i r .  1 0 0 6 6  
M u lta n i D h a n d a  
P a h a r  G an ]
N e w  D e lh i, N C T  o f  D e lh i-1 1 0 0 5 5  
T E L  : +91 (0) 11 2 7 5 2 9 6 8 9  
F A X : +91 (0 )1 1  2 5 5 0 4 3 4 3  
E -m a il:  h e w jh p l@ n d f .v s n l.n e t , in

O s a k a  H y d r a u l ic  I n d u s t r i e s
36/3 , 0 p p .  M e h ra u li  R d .  T u rn in g  
B a d a r p u r
N e w  D e lh i.  N C T  o f  D e lh i-1 1 0 0 4 4  
T E L  : +91 (0 ) 11 2 6 9 4 6 2 2 6  
F/KX : +91 (0 ) 11 2 6 4 6 4 5 5 6

mailto:machinetools@crane-bel.com
mailto:cmgroup@hd2.vsnl.net.in
mailto:dynamichf@vsnl.net
mailto:teena_khanna@hotmall.com
mailto:nowmech@del3.vsni.net.in
mailto:hydromech@chequemail.com


S la c h  H y d r a t e c s  E q u ip m e n t  P v t  L td . 
15, Najafgarh Rd.
N e w  D e lh i.  N C T  o f  D e lh i-1 1 0 0 1 5  
T E L :  +91 (0 ) 11 2 5 4 4 1 9 1 7  
F A X  ;+ 91  (0 ) 11 2 5 4 4 1 9 1 6  
E -m a il:  s la c h @ d e l2 . v s n l. n e l  in

N ih a a l  I n d u s t r ie s  
4 1 , G o p in a lh  E s t ,
N r. S im la  G h a r  G h a n t i 
S o n i 's  C h a w l C h a r  R a s ta  
O d h a v
A h m e d a b a d , G u ja ra t -3 8 2 4 1 5  
T E L  : +91 (0) 7 9  2 8 9 0 7 8 7  
E -m a il:  n lh a l in d @ y a h o o .c o m

P r e s s w e l  I n d u s t r ie s
P lo t  N o . 1 52 , S e c t .  2 4  
F a r id a b a d ,
H a ry a n a -1 2 1 0 0 5  
T E L  : +91 (0 ) 1 2 9  5 2 3 3 6 6 5  
F A X  : +91 (0 ) 1 2 9  5 2 3 4 7 8 8  
E -m a il:  p r e s s w e l@ v s n l. c o m

H in d  H y d r a u l ic s  &  E n g in e e r s
P lo t  N o . 13, S e c t .  2 4  
F a r id a b a d ,
Haiyana-121005
T E L  : +91 (0 ) 1 2 9  5 2 3 3 3 0 8
F A X  : +91 (0 ) 1 2 9  5 2 3 4 2 9 4

E -m a il:  h in d h y d r@ n d a .v s n l.n e t . in

K B  H y d r a u l ic  E n g g ,  W o r k s  (R e a d .)
2 8 4 , S e c t .- 2 4  
F a r id a b a d ,

Haryana-121005
T E L  : +91 (0) 1 2 9  5 2 3 4 9 9 7  
r A X  : +91 (0) 1 2 9  5 2 3 4 9 9 8  

E -m a il:  p r e s s @ k b 8 e r a . c o m

B e m c o  H y d r a u l ic s  L td .
U d y a m b a g  
B e lg a u m ,

Kamataka-590008
t e l  : +91 ( 0 )8 3 1  4 4 1 9 8 0  
F A X  : +91 (0 ) 8 3 1  4 4 1 2 6 3

E -m a il:  b e m c o @ b e lg a u m .c o m

J a a k  H y d r o - P n e u m a t ic  C o .
N o . 1, V is w e s w a r ia h  (nd l. E s t .
M a h a d e v a p u r a
B a n g a lo re .
K a r n a t a k a - 5 6 0 0 4 0  
T E L  : +91 (0 ) 8 0  8 5 2 4 4 6 0  
F A X  : +91 (0 ) 8 0  8 5 2 4 0 9 0  
E -m a il:  j a a k _ h y d r o @ s if y c o m

P lu s - O n e  M a c h in e f a b r i k  
S u r v e y  N o . 3 2 3 , P lo t  N o . 2 5 - 2 6  
U d y a m b a g , B e lg a u m , 
K a r n a ta k a - 5 9 0 0 0 8 .
T E L  : +91 (0 ) 8 3 1  4 4 1 8 4 5  
F A X : +91 ( 0 ) 8 3 1  4 4 1 1 0 6  

E -m a il:  n lu s o n e @ b lr  v s n l .n e t . in

R a m p h  ( In d ia )
E -1 2 5 3 /4 , 1 2 th  M a in  W a rd ,
N o . 2 , K a m m a g o n d a n a h a l l i  
J a la h a l l i  (W )
B a n g a lo re ,

K a r n a t a k a - 5 6 0 0 1 5  
T E L  : +91 (0 ) 8 0  8 3 8 9 3 6 6  

E -m a il:  r a m p h in d @ v s n l. n e t

S t a n d a r d  H y d r a u l ik  (I) E q u ip m e n t  
B e lg a u m  P v t  L td .
B 6 /1 , P lo t  N o . 10
U d y o g b a g
B e lg a u m ,

Karnataka-590008
T E L  : +91 (0 ) 8 3 1  4 8 0 5 6 6  
F A X  : +91 (0 ) 8 31  4 8 2 0 3 3  

E -m a il:  g o p a lc h it n is @ s a t y a m .n e t . in

M a r c o  H y d r a u l ic s
B /1 , M  N  D 'S o u z a  C o m p o u n d  
N r. B o ra  T ra n s p o r t  C o m p a n y  
0 p p .  K h e r a n i C r o s s  L a n e .  S a k in a k a  
A n d h e r i  (E )
M u m b a i,

Maharashtra-400072
T E L : + 9 1  ( 0 ) 2 2  8 5 9 1 3 9 1  
F A X  : +91 (0 ) 2 2  8 5 2 2 5 8 4  
E -m a il:  m a r c o h y d @ v s n l . c o m

mailto:slach@del2.vsnl.nel
mailto:nlhalind@yahoo.com
mailto:presswel@vsnl.com
mailto:hindhydr@nda.vsnl.net.in
mailto:press@kb8era.com
mailto:bemco@belgaum.com
mailto:ramphind@vsnl.net
mailto:gopalchitnis@satyam.net.in
mailto:marcohyd@vsnl.com


Damania &  S o n s
B -22 , R d . N o . 16  
W a g le  Ind l. E s t .
Thane,
Maharashtra-400604 
TEL  ̂91 (0)22 5820457 
F A X : +91 (0)22 5801989 
E -m a il:  d a m a n ia @ b o m 4 .v s n l .n e t . in

Larsen & T o u b r o  L td .
Heavy Engineering Dim,
P o w a i W o r l i s ,  S a k i  V ih a r  R d .

P o w a i,  M u m b a i,
Maharashtra-400072.
T E L  : +91 (0 ) 2 2  8 5 8 1 4 0 1  
F A X : +91 ( 0 ) 2 2  8 5 8 1 5 9 4  
E -m a il:  3870- s r a @ v e -d a k . l t in d ia . c o m

M i t e s h  A s s o c ia t e s
P.O. 6 0 x 2 7 6 6  
Kalbadevi P.O 
Mumbai,
Maharashtra-400002 
T E L  : +91 (0 ) 2 2  8 9 8 1 3 1 9

H y d r a u l ic s  M a c h in e  T o o ls  

O ld -2 1
A ru m u g a  G o u n d e r  S t.
R a t h in a p u r i
C o im b a t o r e ,
T a m il N a d u - 6 4 1 0 2 7  
T E L  : +91 (0 ) 4 2 2  4 8 2 0 8 3  
E - m a i l:
hyd ra u lic s m a c h in e to o is @ y a h o o .c o .in

H y d r o  C r a f t
1 1 -B , V ij a y a la k s h m i L a y o u t
1s t S t , G a n p a t h y
C o im b a t o r e .
T a m il N a d u - 6 4 1 0 0 6  
T E L  : +91 (0 ) 4 2 2  5 3 2 7 0 4  
F A X  : +91 (0 ) 4 2 2  5 3 2 7 0 4
E -m a il: g a n e sh _ h y@ re d iffm a il.co m

L a r s e n  &  T o u b r o  L im it e d  H e a v y
Engg. Division Rubber Processing 
Machinery
L  &  T  C h e n n a i  H o u s e  
P o s t  B a g  5 2 4 7 , 10

C lu b  H o u s e  R d .
A n n a  S a la i  
C h e n n a i ,
T a m il N a d u - 6 0 0 0 0 2  
T E L  : +91 (0 ) 4 4  8 4 6 0 1 4 1  
F A X  : +91 (0 ) 4 4  8 4 6 0 0 6 9

P r e s s f o r m  I n d u s t r ie s
19 -B , Y a d a v a l la r S t ,
P a t t ra v a k k a m , C h e n n a i,
T a m il N a d u -6 0 0 0 9 8
T E L  : +91 (0 ) 4 4  6 3 5 9 2 9 9
F A X  : +91 (0 ) 4 4  6 2 5 0 7 3 6
E -m a il:  p r e s s fo r m @ m d 3 .v s n l .n e t . in

J a n t a  E n g g .  W o r k s

R a je n d ra  N g r.
Ind l. A re a ,  R O .  M o h a n  N g r. 
G T R d . , G h a z ia b a d ,
U tta r  P ra d e s h -2 0 1 0 0 7  
T E L  : +91 (0) 1 2 0  4 6 2 3 4 5 5

M a x  H y d r o m e c h  E n g in e e r s  P v t .  L td .  

B a lit ik u r i,  C T I  R d .
N a s k a r p a r a
H o w ra h ,
W e s t  B e n g a l-7 1 1 4 0 2  
T E L  • +91 (0) 3 3  6 5 3 1 6 8 6  
F A X : +91 ( 0 ) 3 3  6 5 3 1 6 8 8

t y r e  MACHINERY 
H in d  H y d r a u l ic s  8. E n g in e e r s
P lo t  N o . 1 3 , S e c t .  2 4  
F a r id a b a d ,
H a ry a n a -1 2 1 0 0 5  
T E L  : +91 (0 ) 1 2 9  5 2 3 3 3 0 8  
F A X  : +91 (0 ) 1 2 9  5 2 3 4 2 9 4  
E -m a il:  h in d h y d r@ n d a .v s n l.n e t . in

M a a n  M a c h in e  T o o ls
119 , N r. B u s  S ta n d  
N a w lu  C ly .
K r is h n a  V ih a r  
B a l la b h g a r h ,
Haryana-121004
T E L  : +91 (0 ) 1 2 9  5 2 4 0 9 2 3
F A X  : +91 (0 ) 1 2 9  5 2 4 0 1 2 3

mailto:damania@bom4.vsnl.net.in
mailto:3870-sra@ve-dak.ltindia.com
mailto:hydraulicsmachinetoois@yahoo.co.in
mailto:ganesh_hy@rediffmail.com
mailto:pressform@md3.vsnl.net.in
mailto:hindhydr@nda.vsnl.net.in


ACC Machinery Co. Ud.
Cement House, 121 
MKRd.
Mumbai,
Maharashtra-400020 
TEL : +91 (0) 22 2039122 
FAX : +91 (0) 22 2051065

Associated Tyre IVIachinery 
Company Ltd.
Cement House. 121 
Maharshi Karve Rd.
IWumbai,
Maharashtra-400020
TE L:+91 (0)22 2039122 
FAX : +91 (0) 22 2080076

Larsen & Toubro Ltd. Heavy
Engineering D im .
Powai Works 
Sal<i Vihar Rd.
Powai
Mumbai.
Maharashtra-400072
t e l  : +91 (0) 22 8 5 8 1 4 0 1  
FAX:+91 (0)22 8 5 8 1 5 9 4  

E-mail: 3870-sra@ve-dak.llindia.com

Uxmi Engg. Works 
W/10, Panchal Udyog Ngr 
Goddeo Rd.
Bhayander(E)
Thane,
M a h a ra s h t r a - 4 0 1 1 0 5  
t e l  : +91 (0)'22 8 1 9 5 9 7 6  
FAX:+91 (0)22 8 1 9 5 5 4 5  
E-mail: lew@bol.net.in

Mohan Engineering Works
4/7, Piramal Indl. Est 
SVRd.
Goregaon (W)
Mumbai,
Maharashtra-400062
tel : +91 (0) 22 8743223 
FAX : +91 (0) 22 8742591
E-mail: mohanengg@vsnl.net

Premier Engineers
0pp. Riy. Microwave Tower 
Sirhind,
Punjab-140406 
T E L:+91 (0) 1763 22260 
FAX:+91 (0) 1763 22560 
E-mail:

premierengg@santmachines,com

Braga Industries
63-B, Northern Phase 
Ambattur Indl. Est,
Chennai.
Tamil Nadu-600098 
TEL:+91 (0)4.4 6254103 
FAX : +91 (0) 44 6257032

Devon Machines Pvt. Ltd.
63-B, Northern Phase, Indl. Est
Ambattur
Chennai,
Tamil Nadu-600098 
TEL : +91 (0) 44 6253036 
FAX : +91 (0) 44 6257032 
E-mail: devon@md3,vsnl.net.in

Engineering Equipment Works 
D-4, Ambattur Indl. Est.
Chennai,
Tamil Nadu-600058 
tel : +91 (0) 44 6357466 
FAX : +91 (0) 44 6357466 
E-mail: eew@vsnl.net

Intek Engineers
8. S ID CO  Indl. Est.
Ambattur
Chennai.
Tamil Nadu-600098
TEL : +91 (0) 44 6255067 
FAX : +91 (0) 44 6255067

Ursen & Toubro Limited Heavy
tn g g . Division Rubber Processing 
Machinery
L i  T Chennai House 
Post Bag 5247, 10 
Club House Rd.

mailto:3870-sra@ve-dak.llindia.com
mailto:lew@bol.net.in
mailto:mohanengg@vsnl.net
mailto:eew@vsnl.net


Anna Salai 
Chennai,
Tamil Nadu-600002 
TEL ; +91 (0) 44 8460141 
FAX;+91 (0)44 8460069

Product Engg. Industtv
93-A. Indl.Est., Phase (N)
Ambattur
Chennai,
Tamil Nadu-600098 
TEL : +91 (0) 44 6257932 
FAX:+91 (0)44 6257932 
E-mail:

proden@giasmd01 .vsnl.net.in

Bharat Electric Works 
0pp. Peera Garht, K-49 
Udyog Ngr.
New Delhi, NCT of Delhi-110041 
TEL : +91 (0) 11 25472654 
FAX ■ +91 (0) 11 25471019

Industrial Machinery Co.
205, Kanchan House 
Karampura Cmplx.
New Delhi. NCT of Delhi-110015 
TEL ; +91 (0) 11 25116159 
FAX : +91 (0) 11 25431706

Mitsubishi Heavy Industries Ltd. 
New Delhi Liaison Office
Dr. Gopaldas Bhawan, 1st Fir. 28 
Barakhamba Rd.
New Delhi, NCT of Delhi-110001 
TEL : +91 (0) 11 23354465 
FAX : +91 (0) 11 23350280

RUBBER MACHINERY
Bal Krishna Tyres
418/422
Creative Indl. Est.
72, N M Joshi Marg 
Mumbai.
Maharashtra-400011 
T E L :+91 (0) 22 3080917 
FAX ; +91 (0) 22 3080909 
E-mail; localsales@bkt-tires.com

Jayalakshmi Engineering Works 
10/27-B, Sengaliappan Ngr, 
Ranganatha Puram 
Sulur
Coimbatore.
Tamil Nadu-641402
TEL ; +91 (0) 422 689286
FAX;+91 (0)422 688175
E-mail: jew_eng_works@yahoo.com

Ramson Engineering Industries 
C-1. 178/2
GiDC Est., Mehsana,
Gujarat-384002
TEL : +91 (0) 2762 56077
FAX;+91 (0)2762 51335

Acu-Rites
105, Selvam Indl. Est.
Magadi Main Rd.
Bangalore.
Karnataka-560079 
TEL : +91 (0) 80 3285077 
FAX:+91 (0)80 3357181 
E-mail: acurites@sify.com

Northern Machineries Pvt. Ltd.
C-29, Phase-11
Focal Point |
Ludhiana,
Punjab-141010 
TE L:+91 (0) 161 671509 
FAX : +91 (0) 161 675066 
E-mail: ralson@satyam.net.in

Elgitread (I) Ltd.
Elgi House
1789, Trichy Rd., Coimbatore,
Tamil Nadu-641045 
TEL; +91 (0)422 319909 
FAX:+91 (0) 422 574178 
E-mail; info@elgitread,co.in

JJM Tyre Equipments
116, Periyar Ngr. Ramanathapuram, 
Coimbatore,
Tamil Nadu-641045 
T E L ;+91 (0) 422 316455 
E-mail; ganes@vsnl.com ^

mailto:localsales@bkt-tires.com
mailto:jew_eng_works@yahoo.com
mailto:acurites@sify.com
mailto:ralson@satyam.net.in
mailto:ganes@vsnl.com


Raj Tire Technologists 
61. JJM House,
Peiiyar Ngr
Raminathapuram,
Coimbatore.
Tamil Nadu-641045 
TEL ; -»-91 (0}422 316455 
E-mail: rajtire@usa.net

Target Tools 
' 49A, Nava India Rd 
K R Puram Post, 
Coimbatore.
Tamil Nadu-641006,
TEL : +91 (0) 422 560049 
FAX : +91 (0) 422 562094

Amis Engg. Works
60, SV Co-op. Ind). Est.
Balanagar
Hyderabad.
Andtira Pradesh-500037 
TEL ; +91 (0) 40 3776884 
FAX:+91 (0)40 7534617 
E-mail: amisengr@hdl.vsnl.net.in

Delta Rubber & Plastic Products
C1A/1, GIDC Indl. Township 
Odhav 
Ahmedabad.
Gujarat-382415 
TEL ; +91 (0) 79 2872334 
FAX : +91 (0) 79 2870835 
E-mail: deltarub_dayal@hotmaiLcom

LATEX DIPPING 
MACHINZRY

Vipraj Machine Tools Pvt. Ltd.
S. No. 745/1/2 
Mumbal-Pune Rd.
Telgaon-Dhabade
Pune,
Maharashtra-410506 
TEL : +91 (0) 20 5812955

Delta Rubbers Plastic Products
CIA/1, GIDC Indl. Township 
Odhav,
Ahmedabad,
Gujarat-382415,
TEL : +91 (0) 79 2872334 
FAX : +91 (0) 79 2870835 
E-mail: deltarub_dayal@hotmail.com

VULCANISING MACHINES 
Dipesh Engineering Works
3, Sheroo Villa, 87, P Rd.
Andheri (W),
Mumbai,
Maharashtra-400053.
TEL : +91 (0) 22 6336729 
FAX:+91 (0)22 6315807 
E-mail: kjpatel_71@hotmail.com

Plants (I) Agro Machineries Pvt. Ltd 
No. 80. Major Indl. Est.
Kalamassery Devp. Plot P.O. 
Kalamassery,
Kerala-683109 
TEL : +91 (0) 48455 344971 
FAX : +91 (0) 48455 336214 
E-mail: plants@md4.vsnl.net.in

IVIanav Rubber Machinery Pvt Ltd.
Plot No. 24-B, “Param Sukhshanti" 
2/10, SVRd,,
Jawahar Ngr 
Goregaon (W)
Mumbai,
Maharashtra-400062
TEL : +91 (0)22 8723166 
FAX:+91 (0)22 8725164

Nilos India Pvt. Ltd.
Hardevi Chmbrs.
91, Pantheon Rd.
Egmore,
Chennai
Tamil Nadu-600008.
TEL : +91 (0) 44 8262633 
FAX : +91 (0) 44 8233295 
E-mail: nilosindia@vsnl.com

mailto:rajtire@usa.net
mailto:amisengr@hdl.vsnl.net.in
mailto:deltarub_dayal@hotmail.com
mailto:kjpatel_71@hotmail.com
mailto:plants@md4.vsnl.net.in
mailto:nilosindia@vsnl.com


RUBER KNEADING 
MACHINES

Machinkraft Equipment
337, 3rd Rd., Sindh Hsg. Soc.
Aundh
Pune.
Maharashtra-411007 
TEL : +91 (0) 20 5887464
FAX: -t-91 (0)20 5880353 
E-mail:

info@machinkraftequipment.com

Enfab Industries Pvt. Ltd.
C-2, Shanthi Niwas
Mettuguda
Secunderabad,
Andhra Pradesh-500017.
TEL : +91 (0) 40 7824343 
FAX : +91 (0)40 7830bl0 
E-mail: enfabs@hd1.vsnl.net.in

Surya Industrial Equipments
D-109, Phase-1 
IDA, Jeedimetia 
Hyderabad,
Andhra Pradesh-500055 
TEL ; +91 (0) 40 3096355 
FAX: +91 (0) 40 3098163

Base Industries
Plot No. 138-B 
IDA. Mallapur 
Hyderabad,
Andhra Pradesh-501507 
TEL : +91 (0) 40 7823573 
FAX : +91 (0) 40 7823073 
E-mail: enfabs@hd1.vsnl.net.In

Avtar Singh & Sons
C-129, Phase-ll 
Mayapuri 
New Delhi,
NCT of Delhi-110064 
TEL : +91 (0) 11 25130861 
FAX : +91 (0) 11 25160752

Industrial Machinery Co.
205, Kanchan House 
Karampura Cmplx.
New Delhi. NCT of Delhi-110015 
TEL: +91 (0) 11 25116159 
FAX:+91 (0) 11 25431706

Ravi Engineering Works Pvt Ltd. 
Prop. Janak Industries Pvt. Ltd.
18/34
St. No.5, (RIy Line Side)
Anand Parbat Indl. Area 
New Delhi, NCT of Delhi-110005 
TEL; +91 (0) 11 25725517 
FAX : +91 (0) 11 25764369 
E-mail: ravieng@nda.vsnl.net.in

Slach Hydratecs Equipment Pvt. Ltd. 
15, Najafgarh Rd.
New Delhi. NCT of Delhi-110015 
TEL:+91 (0) 11 25441917 
FAX:+91 (0)11 25441916 
E-mail: slach@del2.vsnl.net,in

Indian Expeller Works Pvt Ltd.
A-4. Naroda Indl. Est.
Naroda
Ahmedabad,
Gujarat-382330 
TE L:+91 (0)79 2821855 
FAX:+91 (0) 79 2830194 
E-mail: dinesh@indexpell.com

Kelachandra Iron & Steel Works
Chingavanam
Kottayam,
Kerala-686531 
TEL : +91 (0) 481 430596 
FAX:+91 (0)481 430406 
E-mail: kelachandra@vsnl.com

Frigmalres Engineers
Janta Indl. Est.
Gala No. 8, 0pp. Phoenix Mill 
Senapati Bapat Marg 
Lower Parel 
Mumbai,
Maharashtra-400013

mailto:info@machinkraftequipment.com
mailto:enfabs@hd1.vsnl.net.in
mailto:enfabs@hd1.vsnl.net.In
mailto:ravieng@nda.vsnl.net.in
mailto:dinesh@indexpell.com
mailto:kelachandra@vsnl.com


TEL ; +91 (0) 22 4945624 
FAX:+91 (0)22 2187750 
E-mail; fe@vsnl.com

Bainite Machines 
C-1Q, Nand Dham Indi, Est. 
Agnishaman Dal Marg, Marol 
Andheri (E),
Mumbai,
Maharashtra-400059 

. TE L:+91 (0)22 8505910 
FAX ; +91 (0) 22 8500465 
E-mail: bainlte@bom8.vsnl.net.in

Durga industries 
Saksalia Indl. Est.
Chinchofi Bunder Rd.
Malad (W), Mumbai, 
Maharashtra-400064 
TEL : +91 (0) 22 8726466

Malik Engineers
Unit 1. Shailesh Indl. Est. NO. 1
Navghar, Vasai Rd. (E)
Pune,
Maharashtra-401210 
TEL : +91 (0) 20 8839751 
FAX : +91 (0) 20 8830751 
E-mail: malik@malikengg.com

Manav Rubber Machinery Pvt Ltd.
Plot No. 24-B, “Param Sukhshanti” 
2/10, SVRd.,
Jawahar Ngr.
Goregaon (W),
Mumbai,
Maharashtra-400062.
TEL ; +91 (0) 22 8723166 
FAX;+91 (0)22 8725164

PMS Great Floorings Pvt. Ltd.
E-13Block, MIDC 
Bhosarl. Pune,
Maharashtra-411026
TEL ; +91 (0) 20 7122989 
FAX:+91 (0)20 7122332 
E-mail; moti@pn2.vsnl.net.ln

Richardson & Cruddas (1972) Ltd. A 
Government of India Undertaking
SirJJRd.
Byculla Iron Works 
Mumbai,
Maharashtra-400008 
TEL : +91 (0) 22 3776832 
FAX : +91 (0) 22 3731491

Anant Corp.
PO. Box 14, Bass! Rd.
Sirhind,
Punjab-140406 
TE L:+91 (0) 1763 22187 
FAX;+91 (0) 1763 20187 
E-mail: anant_corp(gvsnl.com

Anant Engg. Works
Bassi Rd.
Sirhind,
Punjab-140406 
TE L;+91 (0) 1763 22037 
FAX:+91 (0) 1763 22037

Anant Enterprises
P.O. Box 5, Bassi Rd.
Sirhind,
Punjab-140406 
TE L;+91 (0) 1763 22452 
FAX:+91 (0) 1763 20452

Sant Rubber Machines Pvt. Ltd. 
P.O. Box 31, Sirhind, 
Punjab-140406.
TE L;+91 (0) 1763 20439 
FAX:+91 (0)1763 41360 
E-mail;
santrubber@santmachines.com

HP Singh & Co.
75, Ganesh Chandra Avenue 
Kolkata,
West Bengal-700013 
T E L :+91 (0) 33 2371680 
FAX:+91 (0) 33 2255457 
E-mail; hpsc0cal@vsnl.c9m

mailto:fe@vsnl.com
mailto:bainlte@bom8.vsnl.net.in
mailto:malik@malikengg.com
mailto:moti@pn2.vsnl.net.ln
mailto:santrubber@santmachines.com
mailto:hpsc0cal@vsnl.c9m


GN Engg. Works
388/H/13 
Tangra Rd,
Kolkata.
West Bengal-700015 
TEL : +91 (0) 33 3297189 
FAX : +91 (0) 33 3295550

RUBBER EXTRUDING 
MACHINES

Associated Tyre Machinery Co. Ltd. 
Cement House. 121 
Maharshi Karve Rd.
Mumbai,
Maiiarashtra-400020 
TEL : +91 (0) 22 2039122 
FAX : +91 (0) 22 2080076

Balnite Machines
C-10, Nand Dham Indi. Est. 
Agnishaman Dal Marg, Marol 
Andheri (E)
Mumbai,
Maharashtra-400059 
TEL : +91 (0) 22 8505910 
FAX ; +91 (0) 22 8500465 
E-mail: bainite@bom8.vsnl.net.in

Kemtech International Ltd.
A-125, Shivalik 
IVIaiviya Ngr. P.O.
New Delhi. NCT of Delhi-110017 
TEL : +91 (0) 11 26688343 
FAX ; +91 (0) 11 26680899 
E-mail:

info@kemtechinternational.com

Avtar Singh & Sons 
C-129. Phase-ll 
Mayapuri 
New Delhi,
NCT of Delhi-110064 
TEL: +91 (0) 11 25130861 
FAX : +91 (0) 11 25160752

Industrial Machinery Co.
205, Kanchan House 
Karampura Complex.
New Delhi, NCT of Delhi-110015 
TEL : +91 (0) 11 25116159 

, FAX : +91 (0) 11 25431706

Ravi Engineering Works Pvt Ltd.
18/34, St. No.5,
(RIy. Line Side)
Anand Parbat Indl. Area 
New Delhi. NCT of Delhi-110005 
TEL: +91 (0) 11 25725517 
FAX : +91 (0) 11 25764369 
E-mail: ravieng@nda.vsnl.net.in

Indian Expeller Works Pvt. Ltd.
A-4, Naroda Indl. Est.
Naroda, Ahmedabad,
Gujarat-382330 
TE L:+91 (0) 79 2821855 
FAX:+91 (0)79 2830194 
E-mail: dinesh@indexpell,com

Ramani Automation Systems Pvt. 
Ltd.
140, Phase-ll, Indl. Area 
Panchkula,
Haryana-134113
TEL : +91 (0) 172 592105
FAX:+91 (0)172 591971
E-mail: ramani_engg@hotmail.com

Plus-One Machinefabrik
Survey No. 323, Plot No. 25-26 
Udyambag, Belgaum, 
Kamataka-590008 
TEL : +91 (0) 831 441845 
FAX : +91 (0) 831 441106 
E-mail; plusone@blr.vsnl.net.in

Kelachandra Iron & Steel Works
Chingavanam, Kottayam,
Kerala-686531
TEL : +91 (0) 481 430596
FAX : +91 (0) 481 430406
E-mail: kelachandra@vsnl.com

mailto:bainite@bom8.vsnl.net.in
mailto:info@kemtechinternational.com
mailto:ravieng@nda.vsnl.net.in
mailto:ramani_engg@hotmail.com
mailto:plusone@blr.vsnl.net.in
mailto:kelachandra@vsnl.com


fEL : +91 (0) 22 4945624 
FAX:+91 (0)22 2187760 
E-mail: fe@vsnl.com

Bainite Machines 
C-10, Nand Dham Indl. EsI. 
Agnishaman Dal IVIarg. Maroi 
Andheri (E),
Mumbai,
Maharashtra-400059 

. TE L:+91 (0)22 8505910 
FAX : +91 (0) 22 8500465 
E-mail: bainite@bom8.vsnl.net.in

Durga Industries 
Saksalia Indl. Est.
Chincholi Bunder Rd.
Malad (W), Mumbai, 
Maharashtra-400064 
TEL : +91 (0) 22 8726466

Malik Engineers
Uniti, Shailesh Indl. Est. NO. 1
Navghar, Vasai Rd. (E)
Pune,
Maharashtra-401210 
TEL : +91 (0) 20 8839751 
FAX : +91 (0) 20 8830751 
E-mail: malik@malikengg.com

Manav Rubber Machinery Pvt, Ltd.
Plot No. 24-B, "Param Sukhshanti” 
2/10, SVRd.,
Jawahar Ngr 
Goregaon (W),
Mumbai,
Maharashtra-400062.
TEL : +91 (0) 22 8723166 
FAX : +91 (0)22 8725164

PMS Great Floorings Pvt Ltd,
E-13 Block, MIDC 
Bhosari, Pune,
Maharashtra-411026
TEL : +91 (0) 20 7122989 
FAX : +91 (0) 20 7122332 
E-mail: moti(gpn2.vsnl.net.in

Richardson & Cruddas (1972) Ltd. A 
Government of India Undertaking
Sir J J Rd.
Byculla Iron Works 
Mumbai,
Maharashtra-400008 
TEL : +91 (0) 22 3776832 
FAX:+91 (0) 22 3731491

Anant Corp.
RO. Box 14, Bassi Rd.
Sirhind,
Punjab-140406 
T E L:+91 (0) 1763 22187 
FAX:+91 (0) 1763 20187 
E-mail: anant_corp@vsnl.com

Anant Engg. Works
Bassi Rd.
Sirhind,
Punjab-140406
TEL : +91 (0) 1763 22037
FAX:+91 (0) 1763 22037

Anant Enterprises
P.O. Box 5, Bassi Rd.
Sirhind,
Punjab-140406 
TE L:+91 (0) 1763 22452 
FAX : +91 (0) 1763 20452

Sant Rubber Machines Pvt. Ltd. 
P.O. Box 31, Sirhind, 
Punjab-140406.
TEL : +91 (0) 1763 20439 
FAX:+91 (0)1763 41360 
E-mail:
santrubber@santmachines.com

HP Singh & Co.
75, Ganesh Chandra Avenue 
Kolkata,
West Bengal-700013 
TEL : +91 (0) 33 2371680 
FAX : +91 (0) 33 2255457 
E-mail: hpscocal@vsnl.com

mailto:fe@vsnl.com
mailto:bainite@bom8.vsnl.net.in
mailto:malik@malikengg.com
mailto:anant_corp@vsnl.com
mailto:santrubber@santmachines.com
mailto:hpscocal@vsnl.com


G N  E n g g .  W o r k s
388/H/13 
Tangra Rd.
Kolkata,
West Bengal-700015 
TEL ; +91 (0) 33 3297189 
FAX : +91 (0) 33 3296650

RUBBER EXTRUDING 
MACHINES

Associated Tyre Machinery Co. Ltd.
Cement House, 121 
Maharshi Kan/e Rd.
Mumbai,
Maharashtra-400020 
T E L :+91 (0) 22 2039122
FAX : +91 (0) 22 2080076

Bainite Machines
C-10, Nand Dham Indl. Est. 
Agnishaman Dal Marg, Marol 
Andheri (E)
Mumbai.
Maharashtra'400059 
T E L ;+91 (0) 22 8505910 
FAX : +91 (0) 22 8500465 
E-mail: bainite@bom8.vsnl.net.in

Kemtech International Ltd.
A-126, Shivalik 
Malviya Ngr. RO.
New Delhi. NCT of Delhi-110017 
TEL : +91 (0) 11 26688343
FAX:+91 (0)11 26680899 
E-mail;

info@kemtechinternational.com

Avtar Singh & Sons
C-129. Phase-ll 
Mayapuh 
New Delhi,
NCT of Delhi-110064 
TEL : +91 (0) 11 25130861 
FAX:+91 (0) 11 25160752

Industrial Machinery Co. *
205, Kanchan House 
Karampura Complex.
New Delhi, NCT of Delhj-110016 
TEL : +91 (0) 11 25116159 
FAX :+91 (0) 11 25431706

Ravi Engineering Works Pvt. Ltd.
18/34, St. No.5,
(RIy. Line Side)
Anand Parbat Indl. Area 
New Delhi, NCT of Delhi-110005 
TE L:+91 (0) 11 25725517 
FAX : +91 (0) 11 25764369 
E-mail: ravieng@nda.vsnl.net.in

Indian Expeller Works Pvt. Ltd.
A-4. Naroda Indl. Est.
Naroda, Ahmedabad.
Gujarat-382330 
TE L;+91 (0) 79 2821855 
FAX:+91 (0) 79 2830194 
E-mail: dinesh@indexpe!Lcom

Ramani Automation Systems Pvt 
Ltd.
140, Phase-ll, Indl. Area 
Panchkula,
Haryana-134113
TE L:+91 (0) 172 592105
FAX;+91 (0)172 591971 '
E-mail; ramani_engg@hotmail.com

Plus-One Machinefabrik
Survey No. 323. Plot No. 25-26 
Udyambag, Belgaum, 
Karnataka-590008 
TEL : +91 (0) 831 441845 
FAX : +91 (0) 831 441106 
E-mail: plusDne@blr.vsnl.net.in

Kelachandra Iron & Steel Works
Chingavanam, Kottayam,
Kerala-686531
TEL : +91 (0) 481 430596
FAX : +91 (0) 481 430406
E-mail: kelachandra@vsnl.com
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Suppliers of Raw Materials

RUBBER 
MANUFACTURING 

CHEMICALS
Auto Steel & Rubber Industries Pvt 
Ltd.
C-2-1, Technicians' Block 
Bhosari Indl. Est.
Pune,
Maharashtra-411026 
TEL : +91 (0) 20 7127701 
FAX:+91 (0)20 7127720 
E-mail: asri@vsnl.com

Aerotech India Pvt Ltd.
202. Shivam House 
Karampura Comml. Cmplx.
New Delhi, NCT of Delhi-110015 
TEL : +91 (0) 11 25433375 
FAX : +91 (0) 11 25459768 
E-mail:

headoffice@aerotech.wipro.net.in

Bhabani Pigments Pvt Ltd.
7, E-Block, 2nd Fir 
Local Shopping Centre 
Masjid Moth 
Greater Kailash-ll 
New Delhi, NCT of Delhi-110048 
TEL : +91 (0) 11 26211922 
FAX:+91 {0) 11 26466908 
E-mail: bppl@ndf.vsnl.net.in

Chowdhi7 Rubber & Chemical Co 
1403, Pan Mandi 
Sadar Bazar 
Delhll-UJOOe.

TEL:+91 (0) 11 23673373 
FAX:+91 (0) 11 27534153 
E-mail: anshdeep@del3.vsnl.net.in

Demaco Polymers Ltd.
B-1/G-3, MCiE,
Mathura Rd.
New Delhi.-110044.
TEL : +91 (0) 11 26959424 
FAX:+91 (0) 11 26959112 
E-mail: demaco@ndf.vsnl.net.in

High Polymer Labs Ltd.
803, Vishal Bhavan, 95 
Nehru Place 
New Delhi-110019.
TEL : +91 (0) 11 26431522 
FAX:+91 (0) 11 26474350 
E-mail: hpll@hpl-group.com

KU Polymers & Chemicals Ltd.
KLJ House, 63 
Rama Marg 
Najafgarh Rd.
New Delhi, NCT of Delhi-110015 
tel  : +91 (0) 11 25459706 
FAX:+91 (0) 11 25459709 
E-mail: klj/
delhi@darlmail.dartnet.com

Orgo Products
E-1
Opp. Rana Partap Bagh 
C C Cly.
Delhi, NCT of Delhi-110007 
tel  : +91 (0) 11 27231050 
FAX : +91 (0) 11 27231050

mailto:asri@vsnl.com
mailto:headoffice@aerotech.wipro.net.in
mailto:bppl@ndf.vsnl.net.in
mailto:anshdeep@del3.vsnl.net.in
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mailto:hpll@hpl-group.com
mailto:delhi@darlmail.dartnet.com


Rubber-Chem Corp.
9. Rehman Mkt.
Sadar Bazar
Delhi, NCT of Delhi-110006 
TEL : +91 (0) 11 27771174 
FAX;+91 (0) 11 23552019 
E-mail: rubber@ndf.vsnl.net.in

Sachin Chemical Udyog
1414/2, Gali Chulewali 
Sadar Bazar
Delhi. NCT of Delhi-110006 
TEL; +91 (0) 11 23672453
FAX; +91 (0) 11 23558887

Shakti Minerals & Chemicals
1/2222, Ram Ngr.
Mandoli Rd.
Shahdara
Delhi, NCT of Dethi-110032 
TEL : +91 (0) 11 22283065 
FAX:+91 (0) 11 22297381

Yin Enterprises
B-14, Inder Puri
New Delhi. NCT of Delhi-110012 
TEL: +91 (0) 11 25695576 
E-mail; vinchem@rediffmail.com

Cosmos Chemicals
760, GIDC Est.
Makarpura
Vadodara,
Gujarat-390010 
TEL : +91 (0) 265 642064 
FAX:+91 (0)265 31160 
E-mail: cosmoschem@icenet.net

Gujarat Silicon Pvt, Ltd.
Amarnath House 
Mitha Galli 
Nr. Teen Danwaja 
Grain Mkt., Jamnagar. 
Gujarat-361001.
TEL : +91 (0) 288 676702 
FAX : +91 (0) 288 755086 
E-mail: gujsil@vsnl.com

Gujauxi-Chem
5, Hill Darshan 
0pp. TV Tower 
Drive-In Rd.. Ahmedabad, 
Gujarat-380054.
T E L:+9*1 (0)79 6431379 
E-mail: pranil1812@yahoo.com

Kairav Chemicals Ltd.
901. Parshwa Towers 
Sarkhej
Gandhinagar Highway 
Ahmedabad.
Gujarat-380054 
TEL : +91 (0) 79 6751320 
FAX ; +91 (0) 79 6752214 
E-maii: kairav@satyam.net.in

Sterling Chemicals
103-104
“Opel Square". B/h Express Hotel 
RC Dutt Rd.. Alkapuri,
Vadodara,
Gujarat-390007 
TEL ; +91 (0) 265 311664 
F/V(: +91 (0) 265 350557 
E-mail: slerlchem@satyam.net.In

Universal Corporation
A-3/122
Associated Soc.
Old Padra Rd.. Akota Garden Rd.
Akota
Vadodara,
Gujarat-390020 
TEL:+91 (0)265 310827 
FAX:+91 (0)265 310428 
E-mail; unicorp@icenet.net

ICl India Ltd.
10th Flr.,DLF Plaza 
DLF Qutub Enclave 1 
Gurgaon,
Haryana-122001
T E L:+91 (0) 124 6358400
FAX : +91 (0) 124 6359849

{
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Suppliers of Raw Materials

RUBBER 
MANUFACTURING 

CHEMICALS
Auto Steel & Rubber Industries Pvt, 
Ltd.
C-2-1, Technicians’ Block 
Bhosari Indl. Est.
Pune,
Maharashtra-411026 
TEL : +91 (0) 20 7127701 
RAX: +91 (0)20 7127720 
e-mail: asri@vsnl.oom

Aerotech India Pvt Ltd.
202, Shivam House 
Karampura Comml. Cmplx.
New Delhi, NCT of Delhi-110015 
TEL : +91 (0) 11 25433375 
FAX : +91 (0) 11 25459768 
E-mail:

headoffice@aerotech.wipro.net.in

Bhabani Pigments Pvt Ltd.
7, E-8lock, 2nd Rr 
Local Shopping Centre 
Masjid Moth 
Greater Kailash-ll 
New Delhi. NCT of Delhi-110048 
TEL : +91 (0) 11 26211922 
FAX : +91 (0) 11 26466908 
E-mail: bppl@ndf.vsnl.net.in

Chowdhry Rubber & Chemical Co.
1403, Pan Mandi 
Sadar Bazar
Delhin0006.

TEL:+91 (0) 11 23673373 
FAX:+91 (0) 11 27534153 
E-mail: anshdeep@del3.vsnl.net.in

Demaco Polymers Ltd.
B-1/G-3, MCIE,
Mathura Rd.
New Delhi,-110044.
TEL : +91 (0) 11 26959424 
FAX:+91 (0) 11 26959112 
E-mail: demaco@ndf.vsnl.net.in

High Polymer Labs Ltd.
803, Vishal Bhavan, 95 
Nehru Place 
New Delhi-110019.
TEL:+91 (0) 11 26431522 
FAX :+91 (0) 11 26474350 
E-mail: hpll@hpl-group.com

KLJ Polymers & Chemicals Ltd. 
KLJ House, 63 
Rama Marg 
Najafgarh Rd.
New Delhi, NCT of Delhi-110015 
TEL :+91 (0) 11 25459706 
FAX:+91 (0) 11 25459709 
E-mail: klj/
delhi@dartmail.dartnet.com

Orgo Products
E-1
0pp. Rana Partap Bagh 
C C Cly.
Delhi, NCT of Delhi-110007 
TEL:+91 (0) 11 27231050 
FAX:+91 (0) 11 2723in5n
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Rubber-Chem Corp.
9, Rehman Mkt. 
s'adar Bazar
Delhi, NCT of Delhi-110006 
t e l  ■ +91 (0) 11 27771174 
FA X :+91 (0)11 23562019 
E-mail: rubber@ndf.vsnl.net.in

S a c h in  C h e m ic a l  U d y o g
1414/2, Gali Chulewali 
Sadar Bazar
Delhi, NCT of Delhi-110006 
TE L:+91 (0) 11 23672453 
FAX:+91 (0) 11 23558887

Shakti Minerals & Chemicals
1/2222, Ram Ngr.
Mandoli Rd.
Shahdara
Delhi. NCT of Delhi-110032 
TEL : +91 (0) 11 22283065 
F/VX : +91 (0) 11 22297381

Yin Enterprises 
B-14, Inder Puri
New Delhi, NCT of Delhi-110012 
TEL : +91 (0) 11 25695576 
E-mail: vinchem@rediffmail.com

Cosmos Chemicals
760, GIDC Est.
Makarpura
Vadodara,
Gujarat-390010 
TEL : +91 (0) 265 642064 
FAX:+91 (0)265 31160 
E-mail: cosmoschem@icenet.net

Gujarat Silicon Pvt. Ltd.
Amarnath House 
Mitha Galli 
Nr Teen Darwaja 
Grain MkL, Jamnagar, 
Gujarat-361001.
tel : +91 (0) 288 676702 
FAX : +91 (0) 288 755086 
E-mail: gujsil@vsnl.com

Gujauxi-Chem
5. Hill Darshan 
0pp. TV Tower 
Drive-In Rd., Ahmedabad, 
Gujarat-380054.
TEL : +91 (0) 79 6431379 
E-mail: pranil1812@yahoo.com

Kairav Chemicals Ltd.
901, Parshwa Towers 
Sarkhej
Gandhinagar Highway 
Ahmedabad,
Gujarat-380054 
TEL : +91 (0) 79 6751320 
FAX : +91 (0) 79 6752214 
E-mail: kairav@satyam.net.in

Sterling Chemicals
103-104
"Opel Square", B/h Express Hotel 
R C Dutt Rd., Alkapuri,
Vadodara,
Gujarat-390007 
TEL : +91 (0) 265 311664 
FAX : +91 (0) 265 350557 
E-mail; sterlchem@satyam.net.in

Universal Corporation
A-3/122
Associated Soc.
Old Padra Rd., Akota Garden Rd.
Akota
Vadodara,
Gujarat-390020 
TEL : +91 (0) 265 310827 
FAX : +91 (0) 265 310428 
E-mail: unicorp@icenet.net

ICIIndiaLtd.
10th Fir, DLF Plaza 
DLF Qutub Enclave 1 
Gurgaon,
Haryana-122001
TEL : +91 (0) 124 6358400
FAX : +91 (0) 124 6359849
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iO Rujfatjerchemicate 
f  r  T3wer-5 

S toa Bisness ?>ar*. Gurgaoi’ 
-.aT'an9-'220QZ 
^  »S' C! 12^ 5359636 

-r. '24 S3596»
E-~iak s®’Tes'_5acN3CTagk5 com

MHi»u MetjGat 
B-i Phase-' tnd Area 

rAAiirapur. jamsiiedoo.' 
Jha^naniM3210S 
T H -. -91 fO) 657 408281 
FAX ; +91 TO 857 407224 
E-maif

mika sti_metreat@retjiffmaif.com

Ava Chemicals Pvt Ltd.
1/20 B, Na/ayan Plaza 
26-A, Chandivli Rd,
Mumbai, Mahafashtra-400072 
TEL : +91 (0) 22 8523955 
FAX : +91 (0) 22 8525790 
E-mail: ava@bom2.vsnl.net.in

Multi Organics Pvt Ltd.
503, Keshava 
Bandra-Kurla Cmplx.
Bandra (E), Mumbai,
Maharashtra-400051
TEL '. +91 (0) 22 6590118
FAX : +91 (0) 22 6590358
E-mail: mumbai@multlorganics.com

Aaamu-Ural Impfex
53, Apollo Indl. Est.
Off Mahakali Caves Rd.
Andheri (E), Mumbai, 
Maharashtra-400093
TEL : +91 (0) 22 8217930 
FAX:+91 (0)22 8217929 
E-mail: aaamu@bom4.vsnl.net.in

Ace Chemie (I)
Office No. 5, Ground Fir 
Diamond Centre, LBS Marg 
Vikhroli (W), Mumbai,
Maharashtra-400083
TEL :,+91 (0) 22 5775143

All Chemical Pvt Ltd.
78, VV Chandan St 
Vadgadi 
Mumbai.
Maharashtra-400003 
TEL : +91 (0) 22 3444794 
FAX : +91 (0) 22 6425327 
E-mail: kirang@salyam.net.in

Baerlocher India Additives Pvt Ltd. 
Godrej Soaps Cmplx.
Pirojshanagar 
Vikhroli (E)
Mumbai,
Maharashtra-400079 
TEL : +91 (0)22 5188701 
FAX:+91 (0)22 5188703 
E-mail: barindia@vsnl.com

Balaji Amines Ltd.
"Balaji Bhavan”
165-A, Railway Lines, Solapur, 
Maharashtra-413001 
TEL : +91 (0) 217 310823 
FAX:+91 (0)217 310821 
E-mail: amines@pn2.vsnl.net.in

Deep Dop Niraj Chemicals Pvt Ltd.
E-26, MIDC, Indl. Area, Nagpur,
Maharashtra-440028
TEL : +91 (0) 712 32657 
E-mail: depdop@nagpur.dot.net.in

Demosha Chemicals Ltd,
105-A, Mittal Tower 
Nariman Point, Mumbai, 
Maharashtra-400021
TEL : +91 (0) 22 2872218 
FAX : +91 (0) 22 2045997 
E-mail: ndr@bom5.vsnl.net.in

Fine Organics
Fine House
Anandji St., Off M G Rd., Ghatkopar 
(E), Mumbai,
Maharashtra-400077
TEL : +91 (0) 22 5093400 
FAX:+91 (0)22 5153215 
E-mail: fine@vsnl.com

mailto:sti_metreat@retjiffmaif.com
mailto:ava@bom2.vsnl.net.in
mailto:mumbai@multlorganics.com
mailto:aaamu@bom4.vsnl.net.in
mailto:kirang@salyam.net.in
mailto:barindia@vsnl.com
mailto:amines@pn2.vsnl.net.in
mailto:depdop@nagpur.dot.net.in
mailto:ndr@bom5.vsnl.net.in
mailto:fine@vsnl.com


Finoric Chemicals (I) Pvt. Ltd.
5/16, Odina, 10 
Central Avenue 
Santacruz (W)
Mumbai,
M a h a ra s h t ra -4 0 0 0 5 4

tel •• +91 (0) 22 6049594 
FAX : +91 (0)22 6040021 
E-mail: finornic@vsnl.com

Gomati Chemicals Pvt Ltd.
Bhagwat, 1st Fir.
N S Rd., 2, Vile Parle (W)
Mumbai,
Maharashtra-400056 
t e l  ; +91 (0) 22 6183623 
FAX;+91 (0)22 6147720

Hindustan Organic Chemicals Ltd. A 
Govt Of India Enterprise
Harchandrai House
81, Maharshi Karve Marg
Mumbai,
Maharashtra-400002 
T E L:+91 (0) 22 2014118 
FAX : +91 (0)22 2059533 
E-mail; hoclras@bom3.vsnl.net.in

Jigna Organlcs
41, Abhisek, 303/307 
Samuel St.
Mumbai,
Maharashtra-400003 
TEL : +91 (0) 22 3420907 
FAX : +91 (0)22 3424493 
E-mail: jigna.organics@bol.net.in

National Organic Chemical 
Industries Ltd. Rubber Chemicals 
Divn.
Mafatlal Chmbrs.
N M Joshi Marg 
Lower Parel (E)
Mumbai,
Maharashtra-400013 
tel : +91 (0) 22 6558372 
FAX:+91 {0)22 3081717

Pukhraj Engg. & Chemicals Pvt Ltd
122-AB
Government Indl. Est.
Charkop, Kandivali (W),
Mumbai,
Maharashtra-400067
TEL : +91 (0) 22 8684972
FAX : +91 (0) 22 8682451
E-mail: mayohara@bom3.vsnl.net.in

Sarang Chemicals Pvt Ltd.
2nd Fir., Mhatre Pen BIdg.
Dadar (W), Mumbai, 
Maharashtra-400028, India.
TEL : +91 (0) 22 4376971

Shrl Hap Chemical Enterprises Pvt. 
Ltd.
D-1, Sindhu House,3/5 
Nanabhai Lane, Mumbai. 
Maharashtra-400023, India.
TEL : +91 (0) 22 2041542 
FAX : +91 (0) 22 2875618 
E-mail: shrihap@bom3.vsnl.net.in

Solar Chemferts Pvt. Ltd.
Nr. New Empire Cinema, 3rd Fir., 15 
A K Nayak Marg, Mumbai, 
Maharashtra-400001, India.
TEL : +91 (0) 22 2078850 
FAX : +91 (0) 22 2074228

Sunshield Chemicals Ltd.
Janki Niwas 
N C Kelkar Rd.
Dadar, Mumbai, 
Maharashtra-400028, India.
TEL:+91 (0)22 4313265 
FAX : +91 (0) 22 4307094 
E-mail: sunshild@bom4.vsnl.net.in

Ventron Chemicals Ltd.
5, Onlooker Bldg., 14 
SirPMRd.
Fort, Mumbai,
Maharashtra-400001, India.
TEL : +91 (0) 22 2665828 
FAX : +91 (0) 22 2664150

mailto:finornic@vsnl.com
mailto:hoclras@bom3.vsnl.net.in
mailto:jigna.organics@bol.net.in
mailto:mayohara@bom3.vsnl.net.in
mailto:shrihap@bom3.vsnl.net.in
mailto:sunshild@bom4.vsnl.net.in


ffi'Pzl Udyog
F-474, Phase-ll
Indraprastha (ndl. Area, Kota,
Rajasthan-324005
TEL : +91 (0) 744 424397
FAX : +91 (0) 744 600748
E-mali: lnfo@meta)soaps.com

Shrihari Laboratories Pvt Ltd. 
E-81, Indraprashta Indl. Area, Kota, 
Rajasthan-324005. India 

^TEL : +91 (0) 744 425973 
FAX : +91 (0) 744 428748 
E-mail; info@metalsoaps.com

Senka Carbon Pvt Ltd.
T-29/A, Seventh Avenue 
Besant Ngr, Chennai.
Tamil Nadu-600090. India.
TEL : +91 (0)44 4910244 
FAX:+91 (0)44 4918722 
E-mail; senka@vsnl.com

Northern Polymers & Chemicals 
14/123-A. Gopala Chmbrs., 1st Fir. 
The Mall. Kanpur,
Uttar Pradesh-208001,
TEL ; +91 (0) 512 319606 
FAX : +91 (0) 512 354054 
E-mail: northfixp@sancharnet.in

SR Chemicals 
120-B, Udyog Ngr.
Dada Ngr.
Kanpur.
Uttar Pradesh-208022 
TEL ; +91 (0) 512 296092

Acmechem Pvt. Ltd.
Jabakusum House,
2nd Fir., Unit 34 
Chittaranjan Avenue 
Kolkata,
West Bengal-700012 
TEL ; +91 (0) 33 2369631 
FAX : +91 (0) 33 2369631 
E-mail; abcd@cal3.vsn!.netin

Golchha Pigments Pvt. Ltd.
Suite No. 406, 6 
Brabourne Rd.
Kolkata.
West Bengal-700001 
TEL ; +91 (0) 33 2254690 
FAX : +91 (0) 33 2250072 
E-mail: gp@golchhapigments.com

Kolmak Chemicals Ltd.
21-A. Shakespeare Sarani 
Kolkata.
West Bengal-700017 
TEL ; +91 (0) 33 2477512
FAX : +91 (0) 33 2406476 
E-mail: tioxide@cal2.vsnl.net.in

Petrochem India
12A, Lord Sinha Rd.
Kolkata,
West Bengal-700071 
TEL : +91 (0) 33 2826775 
FAX ; +91 (0) 33 2826838 
E-mail:
pcp.cal@gncal.gl0balnet.ems.vsnl.net.in

mailto:info@metalsoaps.com
mailto:senka@vsnl.com
mailto:northfixp@sancharnet.in
mailto:gp@golchhapigments.com
mailto:tioxide@cal2.vsnl.net.in
mailto:pcp.cal@gncal.gl0balnet.ems.vsnl.net.in


Market Survey
f t  C u m

A  D e ta ile d  Techno Economic
^o W  A  R e p o r t s

EIRI Consultants & Engineers have recenlV prepared the followina 
“Market Survey Cum Detailed Techno Economic Feasibility Reports" which are havina orJS 
fulure pfospecl. The Detailed Project Reports will also help you •
• To get Loan/Finance from  Banks/Financial Institutions. 

f To set up yo u r own Industry/U nil (For SSI/Medlum/Large Scale Unit).

• To have Detailed and Exhaustive Data on any required Hems/Projects.

‘ENGINEERS INDIA RESEARCH INSTITUTE' {EIRI) The Premier and Trusted 
Industrial Consullancy Organization from last 25 Years, offer Complete Consultancy, Liaisoning Jobs 
Foreign Collaborations. Buy Back Arrangements etc. alongwith “Market Survey Cuiri 
Detailed Techno Economic Feasibility Reports” to the entrepreneurs as well as established 
Industrialists.

WHY EIRI ONLY 7 Because 'EIRI' is having (1) Well equipped data bank cum library. (2) Fully 
expertise team of consultants, technocrats & engineers for prepairing “Market Survey Cum 
Detailed Techno Economic Feasibility Reports” on any items in SmaW Medium̂  Large Scale. 
(3) Record quantity of over 32,000 “Market Survey Cum Detailed Techno Economic Feasibility 
Reports" readily available. {4) More than thousands satisfied clients. (5) Vast experience of more 
than 25 years. (6) ‘EIRI’ is being undertaken plants on turnkey basis and (7) Latest and detailed 
authentic informations Covered in each “Market Survey Cum Detailed Techno Economic 
Feasibility Reports'* and many more plus f»infs which stands ‘EIRI’ on lop.

BRIEF CONTENTS
BEGINING : Project Introduction, Brief History of the Product. Properties. BIS (Bureau of 
Indian Standard) Specifications & Requirements. Uses & Applications,
MARKET SURVEY : Present Market Position. Expected Future Demand. Installed 
Capacity, Actual Production & Demand, Statistics of Imports & Exports, Export Prospect. 
Names & Addresses of Existing Units (Present f^anufacturers), List of Buyers, 
MANUFACTURING PROCESS : Detailed Process of Manufacture. Selection of Process. 
Flow Sheet Diagram, Production Schedule.
RAW MATERIALS : List of Raw Materials. Properties. Availability of Raw Materials, 
Required Quantity of Raw Materials. Cost of Raw Materials. Suppliers of Raw Materials, 
PLANT & MACHINERY : List of Plant & Machineries, Miscellaneous Items & Accesso­
ries. Instruments, Laboratory Equipments & Accessories, Plant Location, Electrification, 
Electric Load & Water Maintenance, Suppliers/Manufacturers of Plant & Machineries. 
Specifications of Machineries & Equipments.
PERSONNEL REQUIREMENTS : Requirement of Staff & Labour. Personnel Management, 
Skilled & Unskilled Labour. Manageriol Staff/Expert. Accountant etc.
LAND & BUILDING : Requirement of Land Area. Rates of tbg,iand. Built up .Area.
Construction Schedu!?. Plant Layout, Cost of BoundryWall.^^ .  ^
FINANCIAL ASPECTS i Cost of Raw Materials, Cost of Lahd & Building; Cost^of Plant S 
Machineries. Fixed Capital Investment. Working Capital. Project Cost, Capitci Forrration 
Cost of Production.- Profitability Analysis. Break Even Point (BEP), Cash Flow Statement 
for 5 to 10 Years. Depreciation Chart, Foreign Collaboration (if possible). Conclusion 
Projected Balance sheet. Land Man Ratio. * ’  -  i-
ADDRESSES : Present Manufacturers, List of the Buyers, Plant & Equtpmeni Suppliers/ 
Manufacturers, Raw Material Suppliers/Manufacturers etc. _
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[ 7 i, COPPERWIKt RODS “

1 AGRICULTRAl EQUIPMENTS 
1 AGRICULTRAL EQUIPMENTS 

INCLUDING THRESHERS
3 AIR BRAKE HELICAL COIL
4. AIR COOLER
5. AIR FILTERS<FOR SCOOTER 

CAP a EXCAVATORS ETC.)
6. ALUMINIUM & ALUMINIUM 

ALLOYS FROM ALUMINIUM 
SCRAP TO MAKE U TENSILS 
(INDUCTION FURNACE 
MELTED)

7. /y.UM(̂ JIUMAlL0VWH6ELS 
a ALUMINIUM ALLOYS FROM

ALUMINIUM SCRAP TO 
MAKE UTENSILS 
(INDUCTION FURNACE )

9. ALUMINIUM HOT A COLO 
ROLLING MILL

10. ALUMINIUM 60TTLE 
MANUFACTURING (COLD 
EXTRUSION OF ALUMINIUM)

11. ALUMJNIUfACOPPER CABLE 
LUGS

12. ALUMINIUM Ĉ NS FOR 
BEERRftCKAGING

13 ALUMINIUM CANS FOR 
CAPACITORS 

« ALUMINIUM CAPS FOR 
INJECTION \AALS 

'5 ALUMINIUM EXTRUSION 
IS, ALUMINIUM FURNITURE & 

HARDWARE
17. ALUMINIUM SHEET 

ROLLING MILL
18. ALUMINIUM UTENSILS 
ia ALUMINIUM UTENSaSS

SCHOOLeOXHS 
20. ALUMINIUM WIRE DRAWING 

AND SUPER ENAMELLING FOR WINDING 
21 ANOniSED ALUMINIUM 

UTENSILS
22. ANODIZING OF ALUMINIUM
23. rtNTIMONY OXIDE FROM LEADSCRAP ■
24. ARC WELDING FILTER GLASS
25. ALUMINIUM FOIL CUniNGS 

ROLL MAKING
26 AUTO FLAPS FOR TRUCKS 8 BUSES
27 AUTOMOBILE WORKSHOP 

(GARAGE & SERVICE CENTRE)
20. AUTO GEARS
29, AUTO HORNS
30. AUTO LEAF SPRING 
3i AUTO TUBES
32. AUTO PISTON RING33. AUTO PISTON

BAKERY AND BISCUfTS 
EQUIPMENTS FABRICATION 

36 BALL POINT PEN REFILLS
36 BALL ROLLERS TAPER 

BEARING
37 BAND SAW BLADES
38 BARBED WIRE 
aa BICYCLE SPOKES
dO. BRAKE LINING ASBESTOE& 

RESIN BASED& ASBESTOES 
FREE

41. BRASSARTWAREWOLLOW 
WARE CASTING (WITH THE 
HELP OF PHENOLIC RESIN)

42, BRASSCASTING
43 BRASS PIPES FROM BRASS 

SHEET WITH
LONGITUDtNALLYWELDlNG 

44. BRASS WARE BY CASTING 
METHOD (BRASS ARTICLES 
ViZ. BRASS POOJA LAMPS 
ANDOTHER CASTED>

45 BRIGHT BARS
46. BUFFING AND POLISHING 

INDUSTRY (JOB WORK)
47. BUTT HINGE (BRASS SHEET)
48. CARSON BRUSH HOLDER 

& SUP RING
49 CO. WELDING WIRE 

ELECTRODES (COPPER/ 
COPPERALiOY COATED 
M S.WIRE)

50 CARBON FILM RESISTORS
51 CARBURETTORS
52. CAST ST^ PANES FOR 

MELTING FURNACE
53. CHEMICAL ETCHING OF 

STAINLESS STEEL
54 CHEMICAL FIESISTANT 

IRON & STEEL
55. COLD FORM SECTION MILL 
S6 COLD ROLLED FORMING 

OF SECTION AND OTHER 
SECnONS 

57. COLDROLLINGOFMSSTRIP 
53. COLD TWISTED DE-FORMED RIBBED STEEL
59. COMPRESSOR (HERMETIC) 

FOR AIR CONDITIONERS
60. COMPRESSED NATURAL GAS

AUTOVEHICLE61. CONTlNUOUSiYCAST 
STEEL WIRE RODS (5 mm)

32. CONTINUOUS CASTING 
COPPERWIRERODS 

63. CONVEYOR BELTINGS 
64 CONVEYOR BELT, TRANSM 

ŜSION BELT 8, V BELTS65. COOKING RANGES
66, COPPER̂ RASS SHEETS 

CIRCLES UTENSILS67 COPPER FOIL
® COPPER INGOTS, RODS 
® drawingCOPPER PROUUCTS 

f-'ROM COPPER SCRAP
coppersmpi.tingpu t̂

FROM COPPER SCRAP
72, CORRUGATED BOX fMKINn 

MACHINERY AND OTHFR THEIR PARTS
73. CYLINDER LINER FOR 

AUTOMOBILES 
DOOR LOCKS/PAD LOCKS75. DRILL BfTS STOOL BITS76, DRUM CLOSURES

77 ERW STEEL CONDUIT PIPE 
79. EARTH MOVING EQPT
79. ENGINE VALVES FOR 

AUTOMOBILES
80, FABRICATION OF HEAT 

EXCHANGER
81. FABRICATION OF STORAGE 

TANKS AND MS. DRUM
82, FERROUS ALLOY NI-HARDYI.V CASTING 
83 FERROUS Mn ALLOY 

CASTING BY ALUMINA 
THERMIC PROCESS 

84. FERROALLOYS
FERRO SILICONS FERRO 
MANGANESE FROM 
DOLOMITE (SMS GRADE)

86. FIRE EXTINGUISHERS
87, FLIP-TONECANS
88 FORGED CONECTING ROD89, FORGING UNIT
90, FOUNTAIN PEN NIBS
91, FOUNDRY SAND
32- FUEL INJECTION SYSTEM
93. GALVANIZED MS.STRIPS
94. GALVANIZING PLANT
95. GALVANIZED IRON WIRE
96. GASWELDINGTORCHES AND NOZZLES
97. GASKET SHEET
96, GATE GRILLS & WINDOW 

FRAMES
S6. GENERATINGSET(DIESEL)
1U>. HARD ANODISED ALUMINIUM
101, HOSPITAL WARES
102. HOSPITAL FURNITURES 
103 HOT DIP GALVANIZING
104. HOT FORGED FASTENERS
105, HOTMIX PLANT
106 INJECTION MOULDED

PLASTIC COMPOUNDS WH H 
TOOL ROOM 

10? INJECTION MOULDED
RUSTIC COMPONEN TS AND 
METAL PIPE SPINNING UNIT 

. INVESTMENTCASTING 
IRON/STEEL WIRE GAUGE 

110 IRONTAWA
111, KNIVES{SS.KNIVES)
112 KITCHEN SINK (S,S)
113, L RG REGULATORS 
114 WACHINESCREWS&SELF 

'■.̂ PPING SCREWS
115, MARUTI WORKSHOP 

CUM SERVICE STATION
116, MAGNESIUM INGOTS S 

BULLETS CASTINGAbove all (ho Detailed Project Rennrt. -  __
/research INSTITUTE' MAa S T i  ? “ ''= 'la ‘>lB at 'ENGINEERS INDIA

•Ph;91-11.23918117.2391 6 4 3 l ' D ^ ' h l  - 110 006
• E - M a i l  • •F ax  ■■ 23916431
■e-iwail. eirisidl@bol.net in-

mailto:eirisidl@bol.net


S  PRESSURE VESSELS,
ĥ texchangers
S k 11 HAND PUMPS 
kWRUTi WORKSHOP
S  SERVICE STATION
uerHANlCAL JACKS 
mS aL CUTTING DIE DESIGN 
wiTAL CUTTING OF AND
grinding WHEELS 
(AB8RASIVE CUTTING

12* MEmWOKSaCLIPS 
« metal SEPARATION (COPP- 

S . TIN, LEAD) FROM SPENT 
WASH ACID 126 METALLIC RING JOINTS 

XJ! metallic GASKET 
[SPIRAL WOUND)

126 MiCROVEES ABSOLUTE 
FtLTbRMICROWAVE OVEN 

1X MiLD STEEL INGOTS 
131 MINI STEEL PLANT
132. MODERN VEHICLE 

WORKSHOP
133. MOPED
134. M.S.HINGES135 M.S,1NG0T AND HR. STEEL 

STRUCTURALS
136. M.S.INGOTBY INDUCTION 

FURNACES
137. MS.PIPES13. M S, WELDING ELECTRODE 
136, MUFFLERS & SILENCERS 

FOR THREE WHEELERS 
1«. NAILCUTTERWITHFILER& 

MANICURE 
W. NICHROMEWIRE
142. NICKEL LINED SCREENS
143. NON-FERROUS ALLOY 

ROatNG
144. NON-FERROUS FORGING
145. NON-FERROUS FOUNDRY
146. NON PRESSURE
147. INCANDESCENT LAMP
148. NUMBER COMBINATION 

LOCKS FOR LUGGAGES
149. NUTS & BOLTS
160. PAPERCOATEDALUMINIUM 

AND COPPER WIRE
161, PETROMAX CONTAINER 
ia. PHOTO ETCHING OF

STAINLESS STEEL PLATES
153. PIPE GALVANIZING PLANT
154. PISTON RING-AUTOMOBILE
155. PLANT PROTECTION 

EQUIPMENTS
156. PUTINUM LABORATORY 

APFV\RATUS
157. PRESSURE COOKERS 

ALUMINIUM UTENSILS
158. PRESSURECOOKER 

(ALUMINIUM)
159. PRESSURE DIE CASTING
160. PRINTED ALUMINIUM 

COLLAPSIBLE TUBES

161 PRINTEDTINCONTAINERS
162. PRINTING PRESS

(CYLINDER MACHINE)
163 PUMPS FOR CHEMICAL 

INDUSTRY (SPECIAL)
154. RAILWAY SLEEPERS (M.S.)
185. RAZOR TWIN BLADE
168. R C.C SPUN PIPES
167. RECONDITIONING OF MS 

DRUMS/BARRELS 
•res. RE-ROLLINGCOPPERAND 

BRASS SHEET AND RODS
169. RE-ROLLING MILLS
170. RESIN COATED SAND
171. RESIN CORED SOFT 

SOLDER WIRES
172. ROLLING MILL (BY 

INDUCTION FURNACE) S 
MANUFACTURE OF BARS. 
ANGLES, SQUARES, TTJBES 
AND OTHERS

173. ROLLER SEARING & FORGING
174 ROLLING OF STAINLESS 

STEEL PATTA
175 RUBBER INSULATED 

PLIERS (HANDTOOLS)
176. RUBBING COMPOUND FOR 

AUTOMOBILES 
177 SCIENTIFIC LABORATORY 

EQUIPMENTS 
. 178 SCOOTER ASSEMBLING 
179. SECONDARY LEAD EXTRAC 

-TION 8Y SCRAP BATTERY 
PLATES.PIPKS. SHEET 

lao. SEAMLESS MS TUBES i  
PIPES161. SELF TAPPING STEEL SCREW 

182 SEWING NEEDLES
183. S.G.IRON&AaOYSTEa
184. SHEET METAL PRODUCTS, 

(FERRous;non-ferrous)
Iffi. SHIP/MARINE CONTAINER 
186 SHOCK ABSORBERS 
167. SHOE EYELETS 
188 SHOT AND GRITS BY

AUTOMIZATION PROCESS
189, SHOVELS190. SILICO MANGANESE ALLOYS 
191 SILENCERS (MUFFLERS)

EXHAUST & TAIL PIPE FOR 
ALL TVPESOF VEHICLES 

192, SINTERED BEARING 
193 SINTERF-D BUSHES
IW. SINTERED METAL PRODUCTS 
195, SOFT AND HARD FERRITES 
19a SPANNERS 
197, SR6>RKPLUGS 198 STEEL PLANT (ELECTRIC

ARC FURNACE BASED- EAF)
199. SPHERIODAL GRAPHITE 

CAST IRON
200. SPRAY DRYER201. STAINLESS STEEL HINGES 
2Ce STAINLESS STEEL SHEET

ROLLING TO PRODUCE 
STAINLESS STEEL UTENSILS 

203 STAINLESS STEEL UTENSILS
204, STAPLE PINS.PAPER PIN 

GEM CLIPS ETC

205. STEEL CASTINGS 
206 STKLCHAIN
237. STEaFOUNCWY 
208. STEELFURNITURESAHO 

ELECTRICAL APPLIANCES 
STEEL Plant (MINI)

210 STEa RODS At4D cons 
FROM SCRAPS 

211- STEEL ROLLING MIL 
212 STEEL STRJPS (COLD 

ROLLED)SltlCONWfTH 
GRAIN R1ENTEDFC«
ELECTRiC USE 

213. STEEL TRW(SM>SSION 
LINE TOWERS & ROLLING 
MIL TO PRODUCE STEEL 
S'̂ TION 

214 STEEL FURNITURES AND 
ELECTRICAL APPLIANCES 

215. STEELWIREORAWINGAND 
GALVANIZING 

216 STEaWOOL
217. SUBMERGED ARC WELOED 

PfPES
218. SUBMERSIBLE PUMP 

MANUFACTURING
219. SUPER ENAMELLED 

COPPERWIRE
220. THREEWHEaERS
221. TIE-RODENDS
222. TIN CONTAINERS 
221 TOOLROOMANDSHEET

METAL PRODUCTS 
234. TRACTOR TRAILERS 
22S. TRANSMlSStON POWER

FrmNG
226 TUBULAR POLES
227. SUPER ENAWELLED 

COPPERWIRES
228. TUBULM̂  POLES FORELECTRICAL TRANSMlSStON

(BY FABRICATION PROCESS)
229. TUBULARPOLESOFM.S.&

HIGH TENStti STEEL
230 VACUUMCLEANERS
231 VACUUM FIASK 

(STAINLESS STEEL)
232. VALVES FOR REFRIGERA TION AND AIR-CONDlTiON
233 VEHKXEWELDING&

PAINTING 
2 ii VENETKJN BLIND 
2  ̂ WASHING MACHINES 

(AUTOMATIC & 
COMPUTERISED)

236. WATER CONTROLLER 
(AUTOMATIC)237 WATCH STRAP&CHAINa
W14CELETS/BELT BRASS & 
STAINLESS STEEL

238 WATERCOOLERS 
239' WELDEDWIREMESH 
240 WELDtNG ELECTRODES
^  wS S lL WINDOW FRAME 

(FERROUS & NON-FERROUS) 
243. WRIST WATCH

Above all the Detailed Project Reports are available a . 006 .
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LIST OF FEW READILY AVAILABLE

244 -ACETIC ANHVORtOE
245 ACmCACtDrROMeTHANOl.
246 ACETYLENE BlACK
247 ACETVL£N£GAS 
24a ACFrVLeWEGASS OXYGEN

(iNrEGERATeDUNIT)
249. AC® SLURRY BY MANUAL 

PROCESS
250. «:TWATEOALUMtNA 
25? ACTfVATEDaLEACHtNG

EARTH (ACTIVATED FULLERS 
EARTH)

252. ACTWED CARBON FROM 
CASHEWNUTSHELL

253. ACTPATEDCARBONFROM 
RICE HUSK

254. ACTIVATED CARBON FROM 
RtCE HUSK. COCONLTT 
SHEU & COCONUT POWDER

255 ACTWATEDCARflONFROM WOOD
256 ACTIVATED CARBON 

POWDERAGRANULES 
FROM COCONUT SHELL257. ACTa'ATEDCARBONS 
SODIUM SILICATE FROM 
PADDY 4 RICE HUSK 

^  ALUMFORWATER
treatment

2a. AEROSOL INSECTICIDES 
SPRAY (BAYGON. HIT, 
MORTEINTYPE)

2S3. AGARBATTI SYNTHETIC 
PERFUMERY COMPOUNDS 261 ALCOHOL FROM POTATO

^  alcoholfromricegrains
263 ALCOHOL FROM RICE HUSK 

alcohol FROM MOUSSES ' 
2®. ALCOHOL, BEER. STARCH 

LIQUID GLUCOSE. DEXTROSE 
SOftBfrOL.VfTAMIN-C GERM 
^̂ CATTLE FEED ETC. FROM

266, ALKYD RESIN
267. ALKYUTEDPHENOLLIKE

J;̂ n^ phenol,dodecyl

2ra alum (NON FERRIC) 
alum (FERRIC)

2S3. aluminium INGOT BY BAUXITE
aluminium PHOSPHIDE

S '  PHOSPHATE
S  .̂'̂ ‘̂ ®̂*̂ LL1EDPR0DUCTS264 AMMONIA GAS

AMfctONIA GAS BOTTLING AMMONIA LIQUOR
267. AMMONIUM CHLORIDE 

<PURE & TECHNICAL)268. ANILINE 
2®. ARGON GAS

••;T3. ARIKL TYPEDElERGENr 
POWUFW 

./I. ANTHRAQUINONE 
2W. ANTIMONY TRIOXIDC;
2 n  AZODICARBONAMiOF 
274 BAKING SODA FROM ASH 
275. BARIUM CARBONATE 
276 BARIUM COMPOUNDS 
277. BARIUM PEROXIDE 
270, BARIUM-THIO-SULPHATE 

BANZENE 
279 BARYTE POWDER
280. BEER PLANT
281. BELT PASTE (WITH BFS OIL)
282. BENZYL ACETATE. BENZYL 

BENZOATE. BENZYL ALCOHOL
283. SETANAPHTHOL 
28« BENTONITE POWDER

BENZIDINE
286. BIOGASPL>̂ NT
287. BIO GAS FILLING IN CYLINDER
288. BI-CHROWATE OF SODIUM. 

POTASSIUM a AMMONIUM
239. BI-FUNCTIONAL BLACK MFGR 

REACTIVE DYE (DYE FROM 
COTTON YARN DYEING)

^  BITUMINOUS ROAD EMULSION291. BLACK PHENYL
292. ^CK SULPHUR 
293 BLEACHING POWDER

(ST/«LE)
2W- BONE CRUSHING PLANT 
295 BONE MEAL (CALCINED)

ENRICHMENT WITH CALCIUM 
& PHOSPHORUS 

2S6. BORIC ACID 
297, B.O.N.ACID 
296. BRANDY
299. mJTANOL
300. 1,4,BUTANBDI0L
301. BUTYLACETATE
302. CAFFEIN FROM TEA WASTE 
3CS CALCINED LIME (DEAD BURNTDOLOMITE)
304. CALCINING OF MAGNESITES 
_  dead BURNT MAGNESITE
305. CALCIUM ALUMINATE
306. CALCIUM CARBIDE
307. CALCIUM CARBONATE 
3Ce CALCIUMCARBONATE

(PRECIPITATED)FROMBY 
PRODUCT (LIME SLURRY & 
CARBON DIOXIDE)

309, CALCIUMCARBONATE

S S i
321 CAUSTtCSODA
322 CAUSTIC SODA FROM TRONA
323 CAUSTIC SODA, CHLORINE 

AND HYDROGEN GAS BY 
ELECTRO-LYSIS OF BRINF SOLUTION

324. CELLULOSE ACETATE 
MOULDING POWDER

325 CELLULOSE POWDER a MICRO 
CRYSTALLINE CELLULOSE POWDER

326 CEMENT COLOUR
327 CEMENT FROM FLY ASH & LIME328. CEMENT TILES (GLAZED)
329. DOUBLE FIRING {HEATING)
330 CHELATED ZINC (2NEDTA
331 CHEMICALS FROM PRAWN HEAD
332. CHITlNaCHlTOSANTROM PRAWN SHELL WASTE
333. CHLORAL HYDRATE
334. CHLORAMPHENICOL
335. CHROMIC ACID (WITH 

POLLUTION CONTROL)
336. CHROMIC ACID (OXIDE) a 

BLUE OXIDE
337. CHLORINATED PARAFFIN WAX (CPW)
238. CHROMIC ACID
339 CEMENTPAINTaOlSTEMPER
340, CITRIC ACID FROM LEMON
341 CITRIC ACID FROM MOLASSES
342 CLEANING OF COOLING 

SYSTEM AND BOILER
343. COAL TAR DISTILLATION
344 COBALT OCTOATE
345 COMPOSTFORWIJSHROOM
346 COPPER OXYCHLORIOE 
347. COPPER PHTHALOCYANINE

BLUE a GREEN 
340. CORRECTION FLUID 
349 CYANURIC CHLORIDE
350. DEFOAMING AGENT FOR 

PAPER INDUSTRY
351. DE-NICKELING 

(ELECTROLYTIC PROCESS)
352 DETERGENT CAKE a POWDER
353 DETERGENT POWDER 
354. DETERGENT CONCENTRATE(OGT10)
K5, DEXTROSE MONOHYDRATt 

a DEXTROSE ANHYDROUS 
POWDER FROM TAPIOCA STARCH

356. Dl-BASICLEADSTEAPATE
357. Dl CALCIUM PHOSPHATE
358. DICLOFENAL SODIUM SLOW 

RELEASE (SR) TABLES 100MG

vnv . ivrt I tu a KHECIPI
310 CALCIUM CHLORIDE
311. CALCIUM GLUCONATE
312. CALCIUM NITRATE

SILICATE BRICKS314, CAMPHOR POWDER 
(SYNTHETIC)

315. CARBON DIOXIDE 
316 CARBON BUCK FROM

FERTILIZER WASTE

a* ' e n g in eer s  india 
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“̂ ^ ^ hVlwwophthalatf.
S ' CM-METHYLPHTHALATE 

oiaOFENAC GEL 
S '  oiOCTYLPHTHALATe(DOP)
S  01 phenyl GLYCERINE 
3̂  01 phenyl OXIDE 
S ' dINITROCHLORO BENZENE 
■«7 DISTILLEOWATER
£■ DOOECYL benzene

SULPHONATE 
gee dustiess CHALK
370 E0TA41TSSALTS
371 6LECTKOLESS NICKEL

■ plating ON PLASTtCS
372 ENDOSULFAN
373 EPOXY RESIN BASED 

COMPOUND
374. ETHYL ACETATE 
375 EHTYL ETHER 
yrs. ETHYL ALCOHOL (POTABLE 

LIQUOR)
377 ETHYL HEXANOL
378 EXTRACTION OF ESSENTIAL 

OILS BY SUGAR CRITfCAL 
FLUID (CARBON DIOXIDE) 
METHOD FROM FLOWERS, 
HERBAL & SPICES

379. FERRIC ALUM 
300. FERRO CHROME LIGNO 

SULPHONATE 
381. FERROMANGANESE 
362. FERRO SILICONE 
383 FERRO VANADIUM FROM 

VANADIUM SLUDGE 
FERROUS SILICATE 
FERROUS SULPHATE 
FERTILIZER FROM ANIMAL 
BLOODS LEATHER WASTE 
FLUORESCENT TUBE LK3HT 
POWCCR
FOAMED PVC COMPOUNDING
& ITS PRODUCTS 
FORMALDEHYDE 
FRACTIONAL DISTILLATION OF 
D.M 0 (DEMENTHOLIZED OIL) 
FRACTIONAL DISTILLATION OF 
ESSENTIAL OIL & MEDICINAL 
PLANTEXTRACT 
FRICTION DUST (LIQUIDS 
POWDER) FROMCNSL 
FRUIT FLAVOURS 
FURFURAL FROM RICE HUSK 

396 GARLIC ACID
396 GASKET SHELLAC COMPOUND
397 GEAR OIL
390 GIBBERELLICACID 
3Se. GLASS PUTTY 
«0 GLYCERINE 
*01, GOSSYF>OL (POLY PHENOL) 

FROM COTTON SEED OIL 
«C. GUAR GUM POWDER 
403. HAIR FIXER (HAIR GEL TYPE) 
*04. H-ACID
*05 HENNA PASTE MAKING 
*06. HEPTALDEHYOE 
*07 HIGH CARBON FERRO 

CHROME 
_ye. HYDRATED CALCIUM SILICATE

BRICK
409. HYDRATED FROM SEA SHEa
410 HYDROCHLORIC ACID 
411. HYDRO FLUORtC ACID 
*12. HYDRCK̂ N PEROXIDE (BY 

AUTO-OXIDATION PROCESS)
413 tCEft«:KS (SOLUTIONS TYPE. 

WHITE GEL TYPE, VKXET SEMI 
SOLID POLVMER TYPE)

414. IMPROVING DROP POINT 
PARAFFIN WAX FROM 46-60«C T0 7SWC

415 INDUSTRIAL ALCOHOL
416 INTEGERATED COMPLEX OF 

EASTER & ALLIED PROtX»CTS 
(D.O.R D B P. ETHYL ACETATE 
WIRE ENAMEL 4 CABLE JELLY)

417 IMFL(WHISKY)&COUNTRY 
LIOUOR

419 IRON OXIDE FOR MAKING 
FERITTE 

419 IRON SULPHIDE 
420. JUTEBATCHINGOIL
421 KESH KALA TEL (HAIR DYE 

LOTION) (VASWL 33 SL'̂ CK 
NITETYPE)

422 L-LYSINE 
MONOHYDROCHLORIDE

423 LACTICACIDFROMWHITE 
SUG  ̂BY FERMENTATION 
PROCESS

424. LDPE GRANULES FROM VIRGIN 
(LCtf’E RESIN)

425 LEAD EXTRACTION FROM 
BATTERYSCRAP

426. LEAD0X1DE(A)LEAD 
MONOXIDE
(B)LEADTETRA OXIDE
(C)GREYLEAD OXIDE

427. LIQUID GLUCOSE SITS BY 
PRODUCTS

428 LIQUIDOXYGEN BOTTLING 
PLANT

429. LIQUID SHOE POLISH 
43D LIQUIDFLOORPOLISH 
431 LUBE OIL VISCOSITY

IMPROVED FORPPG/P.EG
432. LUBRICANTS ASHLESS

COMBUSTION
433. MAGNESIUM CŴ BONATE 

AND MAGNESIUM 
BICARMONATE

434. MAGNESIUM HYDROXIDE 
POWDER

435. MAGNESIUM SILICATE
436. MAGNESIUM SULPHATE
437. MALACHITE GREEN
438. MALEIC ANHYDRIDE
439. MANGANESE SULPHATE
440 NWNUFACTURING OF CARBON 

MONO-OXIDE WATER GAS
441 MENTHOL BOLDCRYSTALS 

FROM FLAKES442. MENTHOL CRYSTALS MENTHA 
01

443 MERCURIC OXIDE 444. METAL PRE-TREATMENT 
CHEMICALS

MtTHAJJEGASBYSDORJM ' 
«:etate&sooalime j

■M6 metolfromhydroqui- 
mone&methvlamine*49. MICANtTE

*50 MICRO NUTRIENT MIXTUÎ451 MWERAi. WATER
452 MINERAL WATER AW PET 

BOTTILNG PLANT
453 MINERAL WATER W BOTTLES 

GLASSANDPOUCHES
4« MINI CEP*ENT PLANT (BY 

ROTARY KCLN PROCESS)
455. MIXED FERTILIZER 
456 MOSQUn-OS FLIES 

REPELLENT AGARBATT) 
(INCENSE STICKS)

457. MONOCHLOROAOETICACK) 
450 MONOCROTOPHOS 

(TECHNICAL)
450 MOSQUITO COIL
460. MOSQUITO COILS MAT 
*61 MOSQUfTOMAT
462 WTHER TINCTURES BIO 

CHEMIC fĉ DlClNES
463 NAPHTHALENE S PHENYL 

(INTEGRATED UNIT)
464. NATURAL MINERAL WATER BY 

REVERSE OSMOS« PROCESS 
4̂ . NICKELPLATING6RIGHTNER 

(PRIMARY OR CARRJER 
BRlGHTNER & SECONDARY 
BRIGHTNER)

465 NtCKa SULPHATE 
467 NICOTINEFROMTOBACCO 

WASTE
466. NICOTINE SULPHATE FROM 

TOBACCO WASTE 
469 NlTROBENZEf«
470. NITROCELLULOSE

SW40WG SEALER/LACQU0J 
471 NITROMUSK 
472. NITROGENS OXYGEN GAS 

PLANT
473 NON-IONC SURFACTANT 

{WeniNG AGENT)
474. NOCARBFWSTE 
475 OCTANOL
476. ORTHO NITROWENOL
477. OXALfC ACID FROM 

MOLASSES
478 OXALICACIDFROMRICE 

HUSK
479. OXALICACIDFROMTREE 

BARK470. OXALICACIDFROMWASTE 
VEGETAa£S

471. OXY(̂ N GAS PLANT
472, OXYGEN GAS F̂ ANT (AIR 

SEPERATIONMET>100)
473, PARA-AMINO BENZOIC ACID
474 PARA-AMINO PHENOL
475 PARA TOLUENE SULPHONIC 

ACID476. PECTIN FROM RAW PAFWYA
477. PERFUME (LEMONS 

OTHERS)
Above all the Detailed Project Reports are available al
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CIS p e r  y o u r  r e c f w i r o n r a o n t s

478. PESTICIOEPRERsJUTtON 
UStNG NEEM FRUlf S SEEDS 
(KiARGOSA)

4^ ,  PETBOTTLESFROMPRE- 
FORX»

48D PET PREFORM FROM RESIN 
FORPETBOmES

461. PETROIEUM JELLY
482 PHENOL

k PH^Al 
. PHENYl{£. (BLACK) IN UQUID
FORM

4®. PHTHALIC ANHYDRIDE 
PHOSPHORIC ACiD FROM 
ROCK PH0SPHA71 

«7. PHOSPHORUSBYCHEMtCAL 
PROCESS 

486 PHOTO EMULSION FOR 
ROTAFiY SCREEN PRINTING 

4a9 PHTHALOCYANINEBLUE
480. PIGMENT EMULSION FOR 

TEXrB.E
481. PIGMENT GUM
43̂ . PLANT GROWTH REAGEN 

BASED CHLOROTHYL 
TRIMETHYL AMMONIUM 
CHLORIDE 

483. PLANTHAW*DNESBAS£DON 
2.4-OtCHLOŴ ENOXY 
ACENTIC ACIDS 
NAPHTHALENE 

4« PLASTICINE (MODELLiNGCUY 485. PLASTIC WASTE 
REPROCESSING 

« 6. PLASTER OF PARIS BANDAGES 
487. POLYESTER RESIN (GP GRADE 

LAMINATE GRADE, ELECTRICA GRADE)
483 POLY VINYL ACETATE 
4» POLYVINYLACETATIEMULSION
490, POLYURETHENEFOAM
491. POTASSIUM DICHROMATE/ 

BICHTOMATE
4SC. POTASSIUM 10D;vTE
493. POTASSIUM NITRATE
494. POT«SIUMP£RMAGNATE
495 POTASSIUM reR SULPHATE
496 POTASSIUM SULPHATE 

(FERTILIZER GRADE)
437. POTASSIUM PER OXYDI.SULPHIDE 
496. POTASSIUM SILICATE 
499. POTASSIUM STEARATE 
500 POWER ALCOHOL
501. PVC RESIN FROM ETHYL ALCOHOL
502. PYRIDINE 4 rTS DERIVATIVES
503. RAPID FAST DYES (ONLY

PROCESS) 
am REACTOR (CHEMICAL*
605 RECLAMATION OF USED 

ENGINE
OIL (SYCLAYiVACUUM 
DISTILLATION PROCESS) 

5C6, RECLAMATION OF SPENT 
BLEACHING EARTH 

507 RECLAMATION OF NICKEL 
SPENT CATALYST FROM 
VANASPATi INDUSTRY

508. RECTIFIED SPIRIT FROM 
MOLASSES &MAHUA 
FLOWERS

509. RECTIFIED SPIRIT FROM 
RICE STRAW

510. REDOXIDEPAlNTff’RlMER 
(ANTI CORROSIVE) BASED 
ORGANIC RED PIGMENTS

511. REMOVAL OF ANTl(vK)NY 
FROMLEAD SCRAP

512 F̂ SORCINOL 
511 ROSIN SIZING AGENT
514. RESORCINOL
515. SALINE AND INJECTION 

WATER
516. SALICYLIC ACID
517. SANTONIN
518. SENNOSIDESFROMSENNOLEAF
519. SHOE POLISH
520. SILICA GEL (BLUE SELF 

INDICATING PROCESS)
521. SILICONE EMULSION
522. SILICONE FROM RICE HUSK
523. SILICON FROM SILICA (SEMI 

CONDUCTOR GRADE)
534, SILICONE RESINS 
as SILICONE SPRAYSILVER 

BRAZING FOIL 
525. SILVER EXTRACTION FROM 

WASTE HYPO SOLUTION527. SILVER NITRATE
528, StLVERPARTSFORCERAMiC 

CAPACITOR SINGLE SUPER 
PHOSPHATE & MIXED 
fertilizer (NPK)
SINGLE SUPER PHOSPHATE 
(S.S.P)& SULPHURIC ACID 530. SODAASH
SODAASH FROM NATRON

532. SODA WATER BOTTLING 
PLANT (CARBONATED BEVERAGE)

533. SODIUM ALUMINATE
534. SODIUM BICARBONATE 

Â̂ KINGS0DA)FR0MS0DA

535, SODIUM CHLORITE
536 SODIUM CHROMATE 

SODIUM CYCLAMATE
537 SODIUM DI-CHROMATE 
538. SODIUM Di-CHROMATE &

SODIUM SULPHATE AS BYE PRODUCTS 
539 SODIUM HEXA META 

PHOSPHATE 
540, SODIUM HYDROSULFITE 
541 SODIUM HYPO CHLORIDE 

(BLEACH LIQUOR)
542- SODIUM ISO-PROPYL 

XANTHATE
543. SODIUM LAURYL SULPHATE
544. SODIUM LAURYL SULPHATE

5 SODIUM LAURYL ETHER 
SULPHATE

545. SODIUM NITRATE 
546 SODIUM PETROLEUM

SULPHONATE (EMULSIFIER)
547, SODIUM SILICATE FROM SILICA

6 SO DA ASH
548. SODIUMSILICATEFROM 

(1)PA0DYSILKHUSK2)& SILICA
MS SODIUM CARBONATES SILICA550. SODIUM SULPHATE
551, SODIUM SULPHIDE BY BARIUM 

SULPHATE PROCESS
552 SODIUM SULPHIDE FROM 

AMMONIAS, SODIUM 
CHLORIDE

553. SODIUM SULPHITE
554. SODIUM TRI-POLY PHOSPHATE 
556 SOFTENER (CATIONIC

ANIONICS NON-IONIC)
556. SPIRIT FROM PINE APPLE
557. STANNOUS CHLORIDE
558. STEARIC ACID
559. STEARATES MANUFACTURE 

(CALCIUM. ZINC, ALUMINIUM, 
MAGNESIUM STEARATES)

560. SULPHUR FROM PYRITES 4 
aAG

561. SULPHURCRYSTALS/tUMPS 
562 SULPHURIC ACID
553, SULPHURIC ACID FROM DCDA 

PROCESS
564. SUPER PHOSPHATE (S.SP)
565. SYNTHETIC IRON OXIDE 

(YELLOW)
566. SYNTHETIC RED &WELLOW 

IRON OXIDE FROM IRON 
FILLINGAPICKLELIOUOR567. TARTARICACID

568. TOILET CLEANER 
5̂ - TOLUENE AND SBP FROMAbove all the Detailed Project Reoorts arA w i -----------------
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. WA^ FLOOR POLISH

ELECTRICAL, ELECTONICS, 
COMPUTERS AWO WFOTECH/IT 

PROJECTS
836. AIR QONOmONtNG 
e07 ALUMNtUMALLOY 

CONDUCTOR 
aoa AL'JMtNlUM CA3LE 
009 ALUMINIUM ELECTROYTIC 

CAPACITORS6tO. AUOtO CASSETTE ASSEMBLING
&RECORDMG 

8t1 AUDIO CASSETTES
DUPLICATING RECORDING 

6t2. ALfCHOCASSETTESS AUDIO 
STLK»0

613 AUDtO CASSETTES PLANE 4 
RECORDED 

6M AUOtO StAGNCTfC HEADS 
6t5 AUDIO MAGNETIC TAPE

.-.'iLb-*crL'v.
SC

iAUDiO\«>€̂ .''
k • OMKJ1 tH  t  Ol.'CA’-
INSTITUTE
COMPUTER ASSEMBLY 
COMPUTER HARDWARE 
COMPUTER KEYBOAfS) 
COMPUTER PERJPhERAlS 
COMPUTER PRWTERS 
COMPUTER RIBBON 
COMPUTER RI3B0W R£#«J*G 
OR REFILLING 
COMPUTER STATCWEflV 
COMPUTER STATONEfW &

IMPORTED HARDWARE 
PARISCOMPUTER TERMINALS 
COMPUTERISED WASHING 
KWCHINF (AUTOMATIC) 
COMPUTER SOf TWARE 
CONDENSER fOR MOTOR 
USING MPP FILM

i o m t f f t i f_____
.VMMHM. 
vM.rf 

ixxrrtHc ucKM
rOOtOOl
iUiL'mccHBmsv uptsk

. :iiiiCTR«>10»*F0ft
>̂ roMon£ 
'iUiOTUCLAMmU 
LHCWOESCfm t AAS» 
a.ECTRCf̂ lXf,R 

. ei£CTHCM070BSUt»̂ M; 
tP REWlWDlNGOf AI.L Pf OCS 
OF MOTCJR* WATEft PUUP9 

. aSCTRC MOTOR WIKWK.;
■ FORFAN fJiXieS.tTC.»

. £L££TRlCSIEAMiRON 
L =L£CTRCAl.Af«.IAHC€S 
I SLECTRCAL fIXTl«eS 
' aECTRICW. STAMPtNG 
i aECTROLVTtCCAPACnOftS 
I Ei.ECTT*OMAGNETC«a>.V
: ELECTRONIC0«>STOIO»{
I ELECTRICAL CHOWE 
? ELECTRONCDtGJTAL 

SWATCHES 
i ELECTROWC DiGlTAt 

WEIGHING MACHtNC 
I ELECTRONIC F«E#iABM 
i  EteCTftONC GAS STOVE 

LIGHTERS 
3 ELECTRONIC WIESSURE 

INDICATORS, ELECTRCAta 
ELECTRONIC LtQOOLEVa 
indicators ELECTROfiC 
TEMPERATURE INDICATOR 
DK3ITAL TACHOMETER

7 ELECTRONIC TaEPHO»« 
INSTRUMENTS 

6 ELECTRONIC TOYS 
9 ELECTRONIC WATCHES & 

CLOCKS 
0, FAX MACHINES 
,1 FHPMOTORS 
B FLOPPY DISKETTES 
0 FLUORESCENT LAMP 

STARTER 
H FLUORESCENT TUBULAR

Abwe a ir ’ths DBlalied Proiecl Reports are avaitable at
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LAMPS WITH INTRODUCTION 
- TO fcERCL̂ Y VAPOUR LAMP
695 FRANCHISEE COMPUTER 

eOUCATON CENTRE (Rs. 5000) 
«». GASOETeCTOR(LP.G)
867 GENERATOR ̂ 4  PUMP SETS 

GENERATOR (BATTERY  ̂
OPERATED)

099 GfflSa?\XECEffm£ 
(GEOGRAPHICAL 
INFORMATION SYSTEMS)

TO. HWlOWAftE FITTING FOR 
TRANSMĴ IONLiNE 

OVBWeAOLfNE MATERIAL 
701 HEADERS FOR-mANSlSTOR 

CSSEM<CC»<OUCTOR
702. HT4LTlNStA>TC«S
703. HTSM.VWffXJSTRIAL 

CuaCAL SWfTCH BOAW>
704. WFOBMATtON MOVING 

OBPLAV (LEO TYPE)
705. WSURANCECUIM 

PfOC^StHG CENTRE (EQUi 
(R».500Q/-)

7t». wtegrateoci îhjits 
7W INTERNET BASED STOCK

5000/.1
706 INTERNET SERVICE 

pROvx)eft(isp.)
7W. Jai.YF<jLEOm£PHONE CA8t£S

TOP COMPUTERS 
‘̂ ^OBATTBagS 
L2®«ce*TTERVPl*TES 
" « > * a a a « u M G O f 
aWTEfW
'^OJIJWMCWTOIt 

S E R « S 3( ^ r u r c o i e ^ r ^ .  ____s t t« n c &  
< ^ T T R ® X f) (« »  SOOOt-j
^^ssrrrwQDioocs 

trainer WT ̂ LOUDSPEAKER
 ̂ i-rrRANeFoencft

* 0 ^  rRMWMFTlOH
1 1 ?  1 2 ^

^ « I T O P C « v;h« » M £ «

■ - c e ts o H s ^ , ,

u

731. MULTIPLE RELAY FOR LOW 
VOLTAGE

732. NEON INDICATOR
733. NEON SIGN MANUFACTURE 
7 »  OPTICAL FIBRE CABLES
735. ON LINE SHOPPING MALL 

(Rs. 5000/-)
736. OPTO MECHANICAL 4 

ELECTRICAL EQUIPMENTS
737. fW T O  COLOUR LAS
738. PICTXIRE TUBE (SAV)
739 PLAINPAPERCOPiER 
740. PLASnCFILMCARACITORS 
7<1, POLYESTERCARACrrORS
742, PORTABLE GENERATOR SCT
743. PORTAL
741 P0RTA8L£TELEVlSI0N(TV)
746. POWER CAWKCITORS 
746 POWER INVERTERS
747. POWER PLANT 
74fl POWER TRANSFORMERS UP

TOeOOKVA 
749, PRINTED CIRCUIT BOARD 
793. FVC WIRES a CABLES 
751, RE-CONDTTIONINGOF 

WCTURETU8E 
^  R£SIN CASTC TSPT(tKV) 

S€MI CONDUCTOR DEVICE 
754 SEMI CONDUCTORS FOR 

TRANSJSTORSaDlOOES 
7S6 T̂TWGUPOFAVOeO 

STUDIO 
^  SMOKE DETECTORS 

SOtARCEas 
^  SOLARMOOUUS

7WW  S0tD6HFUKES  
" ■  HEATING

Ŝ E£lFURNITt«£ft
as;rracAi.«Tu«,cEsJM R̂EOAMPUFCHS 
»TEKEO CASSETTE 
p̂«DERS«ATERS 

*'25^“ 0«TFm»JGS 
* ^ « > P P R E S S O ( !

S’ * "

1 ^ ’

7a.. ™ ns„,ssk, „ ow,„
783, TV AUDIO EQUIPMENT 

CABINETS & THEIR 
ASSEMBLING UNIT 

764 UN-INTERRUPTED POWER 
SUPPLY (U.RS) ^

785. VARIABLE FREQUENCY 
VARIABLEVOLTAGEA.C DRlVc 

787 VIDEOCASSETTESfCOwSpTC
m a n u f a c t u r in g s
ASSEMOLINGI

780, VIDEO FILM STUDIO 
7B0. VOLTAGE REGUUTOR FOR 

AUTOMOeiLES 
791, WLTAGE STABILIZERS 
782 VOLTAGESTAeLlZERaTV 

GAW BOOSTER 
793. WAXANDCHEMICAL 

COATED, BRAIOeO 
t in s e l  WfRE
WEBSITE DESIGN i  E-MAIL 
f^GJSTERING 

^  WELDING EL£CTT?OOES 
796 WfNDENERGYPOWER 

p r o je c t  (10 MW)
796A WIRES (METALl

FOOD, AGHO FOOD
processedfood.agro
PUWrATKW,CULTIVATION, ' 

farming, DA1RY/MB.K. 
TOBACCQfPAN MASMA 

brewery a DISTILLERY 
EDIBLE OILS. EOU Fooo’ 
PRODUCTS AND ALUED 

PRODUCTS -j
^tCOHOtJC B B ^G E S  4 

prom COCONUT

’ 79B AtCOHOC drinks from 
ETHYLALCOHOtBVMWNG 
OFWOUS FL«WOURS 
'WnsCAt£CO(W>OuNO 
'̂ OR ACIONG ifTO SUGA« 
AiCEBOCING 
f^"C E C O N C E K TR »re r 
4 OeWYORATBa F R lx r  4 
veiweLES 

®* WriFICMl. fish »«A4. FOR
POULTRY FEa3 

«  WTOMAnCBSCWTPiA*-

s  ^
“  awERVIWUSTm 
^  W^PUHEE 
«  ee E H sw w E
«  I

”  a m jO G A flE T T E  
SQ C U TPugifr

4 b  S * a M  --------- —
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SSwKSOfWSAGUiASW

g  UweOFfRUlTSl 
oĉ TASI£SS^IN AND BY-PRODUCTS 
CASHEW FRUIT jmCG FROM 
cashew FRUfTAPPte 

fig. CA»1EWNUT KERNEL 
extraction from
CASHEWNUTFRUrr 
CASHEWNOT SHEa LIQUID 
4 KERNa PROCESSING 

8Z7. CASHEW FENI 
82B. CATECHEU (BY CHEMICAL 

PROCESS)
829 CATTLE FEED FROM 

TAPIOCA 
ex. CHEWING S BUBBLE GUM 
831. CH)CKEN«HEHPMEAT 

PROCESStNG 
BSS. CH0C0U7E(M«J<)
80. CIGAR£TT£ANDBEEDI£S 
SH. COCOA BUTTER FROM 

COCOA MASS
835. COCONUT PRODUCTS & BY 

PRODUCTSPROCESS 
COMPLEX

836. COLOSOrr DRINKS
83?. COLLECTJONOFMH.KAND 

Max MAKING POWDER 
836. COLLECTION OF MfLK AND 

WVCK»4G IN POLYTHENE 
POUCH
(1/2KG.1KG.42KG.)

839. CONDENSED MILK 
(SWEETNED)

MO. CONFECTIONERY 
INDUSTRY (TOFFEE 4 
CANDY SEMJ-AUTOMATIC 
PmWT)

841. COUNTRY LKXK)R FROM 
MOLASSES

842. CIGARETTE
643. DAIRY FARM >WD DAIRY 

(MILK) PROCKKTS 
(PASTEURISED MtLK, 
BUTTER, GHEE. PANEER)

944 DA'RY FARM TO PRODUCE 
MILK 4 PACKING IN 
POUCHES (50%) 4 CAN(50S) 

84& DAIRY FOR MILK 
PROCESSING 

646 DAIRY FARM (BUFAIO)
847. DAL (PULSE) WLL UNIT 
848 DEHYDRATION OF 

CARROT 4 GARLIC 
649. DEHYDRATION 4

CANNING Of FRUITS 4 
VEGETABLES 

850. OCHYDRATIONOFFIGS 
851 DEHYDRATONOf FRUtTS

ANO VEGETABLES 
06HVt>RATE0 ONIONS ANO 
ONION POWDER 
OHYCEBYftREAKJNGOf
jSrtNGOFREOCHILLkeS. 
HALO. DHANIA. ANO GREEN 
PEASE(^PCWOeR (40.000 
EGGS PROCESSJNG PER OAY) 
export OP PROCESSED 
FOODS ANO PAARINE 
PRODUCTS
FISH CANNING & POUCHING 
FISH FARMING (PRAWN & 
0T>«̂  MARINE PRODUCTS) 
FISHMEAL
FLOUR MILL ANO MUSTARD 
01
FOOD COLOUR 4 ORASTED 
GROUNDNUT GRAM PEAS.
ETC IN POUCHES 
FROG LEGS PROCESSING 
FROZEN MEATS 
Pf̂ JCESSING
FOOD FLAVOURS (WHISKY) 
VODKA, (yWE, eUHER 
SCOTCH)
FOOD PRODUCTS COMPLEX 
(DEHYDRATED ONKDNS. 
GARLIC POWreR & FLAKES. 
CATUE FEED. TOMATO 
POWTCR. TOMATO 
PRODUCTS, CANNED FRUfTS 
4 V'EGETABLES TOMATO PURE. 
GROUN NUT OIL, REFIND OIL 
DEHYDRATED GFIAPES, 
BANANA POWC«R & WAFFERS) 
FRUIT JUfCE, JAM.
JELLIES 4 ALLIED PRODUCTS 
FRUIT JUK:E. PICKLES 
PROCESSING AND CANNING 
FRUrr JUICE MAKING 4 
RACKING IN PLASTIC 
CONTAINEWPOUCHES 
FRUIT PROCESSING 
(JAM4JQ.L1ES)
FRUIT PULP4JUK:E 
CONCENTRATES 
FRUIT 4 VEGETABLE 
DRYING (FREEZE DRYING 
METHOD)
GOAT 4 SHEEP FARMING 
GRAM DALUPULSE MILL 
GRAPE DEHYDRATION 
HARO BOILED CANDY 
(TOFFEE 4 CANDY)
HERBAL CIGARETTES 
HONEY PROCESSING 4 
PACKAONG
ICE CREAM OF DIFFERENT 
FLAVOURS
K:E CREAM STABtt-lZER 
ICe MAKING PLANT 
INDIAN MADE FOREIGN 
LOUOR(I.M.FL) 
INSTAhTTFOOOJIOLI MIX.
DOSA mix. OULAB JAMUN MIX) 
INSTANT FOOD (INSTWifT

FOOD & FAST f UX>» W.01»RJ 
instant NOoats
INSTANT TEA
INSTANT TEA * ROM BLACK 
TEAINTEGtRATEOSTArtCH 
BAKING POWD€JVYEAST 
INOUSTRV 
KXKZEOSALT 
lODlZeO SALT (ORDINARY 
MOlSTUftE-LEŜ FREE 
FLOWING IN PLASTIC 
BAGS ANO CONTAINERS) 
JAM. JELLIES. FRUrr JUICE 
* ALLIED PRODUCTS 
KATHA ANO CUTCH 
lOHAJ'IDSARI SUGAR 
KHANDSARI SUGAR & IMFL 
LACTIC ACID FROM WHITE 
SUGAR BY FERMENTATION 
PROCESS
LACTOSE & BY PRODUCTS 
PROCESSING FROM MILK 
LIQUID GLUCOSE ANO ITS 
BYE PRODUCTS 
MACRONI ANO VEfWICILLI 
MALT EXTRACTION FROM 
B<Ŵ-EY
MANGO PROCESSING 
(MANGO PULP. JUCE& 
aiCES)
MAYUR BRAND TYPE 
CHEWING TOBACCO 
MINERAL WATER 
MILK f̂ SERVATTON 4 
MWWETING TO WHOLE 
SELLERS (INPOUCH RACKING 
BY UHT TECHNOLOGY)
MILK PROCESSING ANO 
PACKAGING OF MILK 
PRODUCTS
MILK PRODUCTS (CASEIN. 
LACTOSE. GHEE & WHEY 
POWDER)
MILK TOFFEE 
MINI FLOUR MILL 
MINI SUGAR PLANT 
MISRI(P£ARL SUGAR 
CANDIES)
MODERN RICE MILL 
MURABBA
MUSTARD OIL EXTRACTK5N & 
REFINING 
MUTTON TALLOW 
NAMKEEN INDUSTRY 
(BHUJIA, GHANA CHUR ETC ) 
NAMKEEN 4 SWEETS 
NON-BASMATI RICE FROM 
RADOY
OLEORESIN, ESSENTIAL 
OIL. DYES 4 POWDER OF

918. OLEORESIN EXTHACTK3N 
FROM DlPrERO*CARPUT 
TURMINATUS ANOPINUS 
KHASYANA 

«19. OLEORCSIN eXTFlACTION 
FROM CHILLI 

too. PANMA8ALAANUPOUCH
" ^ R e s E A ^ ° N s m u T e ^ a ^ ^  “™ ®< "e N c m e i^ s  in o ia
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Apurt from  fho a b o v e  m en tion ed  
reports EIRi is a lso  itav ing  otiie r most 

lucrative projects (a s  m an y  a s  3 0 ,0 0 0 ). 
You just nam e it and  w e  iia v e  tha t report.

W'K.’NG 
321 F’ANMfZ/.lA.'TOSACCO.ZAROA S K<MAM 
S£i. R4NEER FROM MILK 
923. Î .'=PAD PLANT

fABWFROMFAWYA 
<H«MYA LATEX)

SeS PECTIN FROM MANGO 
p e a  PECTIN FROM APPLE 
POMACE 

see. PHYT0THA(HB?8ALTEA) 
827. PICKLES/WDSAUCES 
928. PICKLESMURABâ ETC. 

(VEG. 8 NON. VEG.PtCKLES)
■ 929, PIGGERYMEATPROCESS
930. PINE-APPLEJUtCe 

PREBARATIWJ S rACKAGING
931, POTATOCHiPS.WAFFERS 
932 POTATO POWDER
933. POUCH F(LmG&B4CKAGJNG 

EDIBLE 01L46‘ r£E 
SQ4, POULTRY r££ED '
935, PROCESSED FOODS &

sptcesfEou)
S36, PROCESSED f̂ DYMADE FOOD 
83T. PROCESStNGW 

FRUITS S VEGETABLES 
Sa. RABBIT FARMING 
939 RASGULUS MAKING

& CANNING IN METAL CANS 
9<0- READVTOEATPROCESSED COOKED FOOD 
941, READY TO EAT SNACK 

FOOD (CRAX. ROLL & BALL TYPE)
&«. RfCE&CORNFLAKES 
9«. ROASTEOfSALTED/

MASALA,CASHEW NUTS 
ALM0NDS4 PEANUTS 944. ROLLER FLOUR MILL 

W5- SALTLICKSFORCATTU 
W  SflUSAGESFOODCASING947. SOFT DRINKS 
«8. SOFTORINKS ESSENCES 94®. SOFT DRINKS (NON 

CARBONATED) MANGO 
ItCCHI. PINEAPPLE FLAVOURS 
FROOTITYPErNTETRAPACK) 

850. SOFTYICECREAMCONES 
(FULLY AUTOMATIC)

951 SOFT/COUD DRINKS (COLA. 
ORANGE. LEMON ETC FLAVOURS)

252, SOYABEAN PRODUCTS 
SOYAMILK&PANKR 

954, STARCH & ALLIED PROPDUCT 
FROM BROKEN RICE 

855. STRAWBERRYCULTIVATiON & PROCESSING

1012.

, SUGAHCAfJE JUICE 
PRESERVATION

7. SUGAR CUBES FROM 
CANESUGAR 

). SUGAR PLANT 
) SVVEET AROMA BETEL NUT 
). SYNTH£T1C TALLOW 
. TAMARIND JUICE POWDER 
I TEA&COFFEEPROCESSING& 

PACKAGING 
.. TOFFEES, GOLIES, CANDY 

(HARD BOILED)
. TOMAT-̂  PRODUCTS 
. TRADING BUSINESS OF 
SPiCES SPAN MASALA 
TUITY FRUITY 
VOK<A FF8DM POTATOES 
WINE. BRANDY, 
WHISKY&CHAMPAGNE 
WINE FROM DATES 
YEAST FROM MOLASSES 
2ARDA. KIMAM NO- 
60.93,120,160.»0,300& 400 (TOBACCO)
ZARDA-ZAFRANI (BABACHHAP TYPE)

ACRYLICADHESIVE 
ADHESIVE {FEVICOL TYPE) 
ADHESIVE BASED ON 
POLYURETHANE 
ADHESIVE FOR BAND AID 
(JOHNSON & JOHNSON TYPE) 
AEWESIVE INDUSTRIES 
(LAMINATED. STfCKER. DDL& OTHERTYPES)
ADHESfVE FOR GASKET 
(LIQUIDffftSTE) 
guar GUM 
GUM BOTTLE (PVC)
GUM FOR PASTING LABELS 
OFFICE RASTE 
RUBBER ADHESIVE 
SURGICAL ADHESIVE PLASTER

ItMI.
104Z
1043
10M.

1045.
1046.
1047.
1048. 
1049
1050.
1051.
1052.
1053.

hâ SmadeuSther1014. LEATHERAUXILLARIES4 CHEMICALS
1015, LEATHER DYES
1016, LEATHERWASHERS
1017. LEATHER BOARD FROM 

LEATHERWASTE 
jgTHERFORUPHOLSTRY

LEATHER GARMENTS LEATHER GOODS 
LEATHER SHOES 
LEATHER SHOE & CHAPPAl 
LEATHER SUITCASES 
BRIEFCASES & TRAVELLING
LEATHER GOODS AND GARMENTS
LEATHER GARMENTS, SHOE S 
CHAPPAL
LEATHER TANNING 
LEATHER TANNING « 
GARMENTS (EOU)
SHEEP SKIN PICKLING PLANTSHOE UPPER 
SPORT SHOES (PLASTIC)

AGARBATTI {INSENCE STICK)
. AGARBATTI (Mosqu.toRepe(ient) 
, AGARBATI BAMBOO STICK 
, AGARBATTI SYNTHETIC 

PERFUMERY COMPOUND 
. AIR FRESHNER(OOOnil rvPE) AIR TAXI
AMUSEMENT PARK 
ANODIC ALUMINIUM LABEL 
AQUACULTURE PRAWN 
FARMING (100% EOU)
AQUA CULTURE SCRIMP FARM1NG(100% EOU) 
ARTIFICIAL FLOWERS 
ARTIFICIAL JEWELLERY 
ASBESTOS YARN 
ASH TRAYS FOR MARUTI VEHICLE
AIR BUBBLE PACKAGING 
ASPHALTIC ROOFING 
SHEET (METAL COMPONENrS) 
AUTOMATIC BOOK BINDING 
ALKYD f̂ SIN
APPLE JUCE CONCENTRATE 
BALL POINT PEN FEFILLS 
(JOTTER TYPE)
BANK BRANCH BUILDING 
banquet HALL 
BIO-COAL BRIQUETTES 
FROM AGRICULTURAL 
CELLULOSE WASTE 
BOOT CREAM/POLISH 
BUFFING & POLISHING COMPOUND 
BRASS BADGES BY 
ETCHING
briquetted FUEL FROM 
AGRO WASTE 
BRIQUETTING OF LIGNITE COAL

Above ali the Detailed Project Reobrte * •. ..T —
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1C69 BUFFALO HORN TIP, HOOF 
1oao. BANQUET HALL
1061. BUTTON
1062. CALCINED PETROLEUM 

<C.P)COK£
1063. CANVAS SHOES
1064. CANVAS SHOES, JUNGLE 

BOOTS
1065. CARBON BRUSH. BRUSH 

HOLDER &SLfP RING
1068. CEMENT SHEETS WITH 

C0IRFIBRE4OTHER 
SEGMENIS

1067. CERAMIC TILES (GLAZED)
BY DOUBLE FIRING/HEATING

1068. CHILDREN RECREATION 
CENTRE

1069. COAL BRIQUETTES
1070. COLD STORAGES ICE
1071. COLD STORAGE FOR 

FRUITS AND VEGETABLES
1CTO. COMPRESSOR (HERMETIC) 

FOR AIR CONDITIONER
1073. COSTUME JEWELLERY/ 

IMITATION JEWELLERY
1074. DECORATIVE LAMINATED 

SHEET (SUNMICA)
1075. DIAMOND CUTTING a, 

EXPORTS
1076. DRINKING STRAW FROM 

PROPYLENE
1077 ENGINEERING COaEGE 
1078, ENTERTAINMENT CLUB 
1079 FASHION TECHNOLOGY 

INSTITUTE 
loeo, FAST FOOD PARLOUR 
1081. FAST FOOD (INSTANT 

FOOD 4 FAST FOOD 
PARLOUR)

1062. FIRE EXTINGUISHERS 
(SODA AC!0 TYPE)

1063.'FISH NET
1004. FLORICULTURE (CUT FLOWER 

ROSE)WITH GREENHOUSE
1085. FLOOR COVERING SHEET
1086. FILM STUDIO (VIDEO) ‘
1067. FLUSH DOOR, CHIP BOARD,

WOOD WOOL 4 OTHER 
INSULATING BOARDS 

106S. GAS DETECTORS OF LP.G 
1069, GEMS MANUFACTURING 
1090. GLASS BOTTLE BY SCRAP 
1002. GOAT & SHEEP FARMING 
1CS3 GOLD ELECTROPLATING
1094. G0LDJEWELL6RY(E.0.U)
1095, GOLD PLATED SILVER 

JEWELLERY a CUTLERY
1006. GRANITE SLAB AND TILES 
1097. GREENHOUSE 
lOSa HARD CHROMIUM RATING 
1090. HEALTH CLUB AND BEAUTY 

PARLOUR CUM HAIR 
SALOON WITH SONA BATH

1100. HEALTH CLUB CUM BEAUTY 
PARLOURTRAININGINSTITUTE

1101. HORN TIP,HOOVE BUTTON 
1Q2. HOSPfT/U
1103. HOSPrTAL(IOOBEDS)
1104. HOSPITAL (200 BEDS)

ICE MAKING PLANT 
IMITATION AND COSTUME 
JEWELLERY (NECKLACE, 
EARRINGS EAR TOP ETC ) 
INITMAT̂  SCENT CHEMICALS 
FROM ALL TYPES OF FLAVOUR 
INVESTMENT CASTING 
JUTE, COIR. GLASS ROPE/ SUTLI
JUTE TWINE 
L.P.G BOraiNG PLANT 
L.P.G REGULATOR 
(DOMESTIC PURPOSE) LAMINATED PARTICLE 
BOARD & HARD BOARD 
LAMINATED SAFETY AND 
TOUGHENED GLASS 
LEASING & HIRE PURCHASE 
LICHEN (CHARILA)
MANILA ROPES 
MEDICAL COLLEGE 
MATCH UNFT FROM WAXED 
PAPER
MEDIUM DENSITY FIBRE 
BOARD
MELAMINE CROCKERY 
MINERAL WATER 
MINI CEMENT PLANT 
MIRROR SILVER. GOLDEN, 
PINK. BLACK4 SMOKES 
MODERN ADVERTISING 
AGENCY WITH DTP i  FILM STUDIO
MOTELySMALL HOTEL 
MULTI COLOUR PRINTING 
MULTI STOREY COMMERCIAL 
COMPLEX ALONGWITH 
RESID ÎALAND DELUX 
FLATS FOR FOREIGN 
TOURISTS & REVOLVING 
RESTAURENT AT THE TOP 
MULTIPLE LAMINATION 
INDUSTRY
MUSHROOM GROWING AND 
PROCESSING(BYDKP 
FREEZING METHOD)
NEWS PAPER PRINTING 
NICKEL LINED INDUSTRIAL 
SCREEN
OFFSET COLOUR PRINTING 
PRESS (SIX COLOUR)
OFFSET PRINTING PRESS 
P,C-C ELECTRIC POLES 
PHOTOGRAPHIC DEVELOPER
& FIXER
PVC EXTRUSION PROFILE 
(DOOR & WINCXDWS) 
POP-CORN
PHOTO ETCHING OF S.S.
PRE STRESSED CEMENT 
CONCRETE PIPES 
PILFER PROOF CAPS 
PILFER PROOF CAPS AND 
CROWN CAP
POUCH MAKING 4 GRAVURE 
PRINTING (ROTO PRINTING) 
POULTRY 4 FISH FARMING 
(INTEGERATED UNIT) 
PRINTING OF TIN SHEETS 
READYMADE GARMENTS

RESTAURANT
ROK PLANTATION AND * 
RO  ̂OIL EXTRACTION 
ROTOGRAVURE PRINTING 
Ŝ ETr-BELTS 
SAFETY MATCHES SHOELACES
SILXCOCOON CULTIVATION (GROWING OF SILK COCOON WARM)
StLK SCREEN PRATING 
FORMULATIONS FOR 
PLASTIC, PAPER & CLOTH 
SPIKENARD(JATAMANSI) 
STENCIL COATING SOLUTION SUGAR CANDY (MISRI) 
SUGAR CANE PLANTATION 
SUG  ̂CANE JUICE 
PRESERVATION SURAT 2/̂ 1 •
SYNTHETIC SHCCS&SOLES TEA PACKAGING INDUSTRY 
TEftfJtSBAUS 
THREE STAR HOTEL 
TRAVELLING AGENCY 
TRAYS, TTOLLEYS FOR 
HOSPITALWfTH 
SCRATCHLESS COATING 
WAX EXTRACTS (TANNING POWDER)
WIRE ROPE SLINGS 
WOOD WOOL SAB 
WOODEN CANE FURNfTURE 
WITH EXPORT POTENTIAL 
WOODEN FURNm;RE 
WOODEN PANEL INCLUDING 
K«.N SEASONING 
WOODEN FURNITURE 
WATCH CASE BUFFING 
WATCH DIAL 
WRJST WATCHES 
WATCHES (ELECTRONIC) 
2ED0ARY (KACHUR)

EDIBLE OILS, ON
LURlCATltNG OlLS./iiPi.:-.SE 

VEGETABLE r WAXES.
• CAMPHOR. PERFUMES & 
PERFUMERY 
AND REFINBO OILS ETC.

1180. AROMATIC PERFUMERY
COMPOUND
AEROSCS.
AGARa^iTTI PERFUMERY 
COMPOUND
BEES WAX MANUFACTURE 
CAMPHOR
CARDANOL FROM CASHEW 
NLTT SHELL UOUID 
CASTOROK.
CASTOROIL DERIVATIVE 
OLEORESINS 
CHILUOIL 
CfTRONELLAOlLS 
CLOVE OIL
CONCENTRATE OF ROSE 
JASMINE&LILYETC. 
COiOURED FL/VME CANDLE

Price Rs, 4320/. for each "Detailed Project Report" Payabte'in advance through Draft/CasW 
M.O. In favour of ^BNGtNEERS INDIA RESEARCH INSTfTVTE’ . Nai Sarak (D). Main Road 

Delhi • 110 006 OR Ask b y  V.RP, m Ph : 23918117, 2391 6431, 23840361 
•Fax : 91-11- 2391 6431 •E-Mail: eirisldi@bol.net.in • WebSJte : www.startindustry.com
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lisa CYCLES ̂ MMUTOMATIC) 
CORN 0«.(MW2e OIL) 

yS5. OEHYORA7H3CASTOROIL 
Itga EUGCNOC FROM CIIS»iAMON 

LEAFOL 
11Sr EXTRACTION OF ESSENTIAL 

on. (CARDAMON. JEERA. 
AJOWAN. GINGER OILS Erc. & 
PACKAGING OF GROUND 
SPtCES)

;«a EXTRACTION OF JASMJNE 
ESSENCE 

119B EXTRACTION Ctf’ESSENTIAL 
01.S BY SUPER CRrnCAL 
FLUID METHOD FROM 
FLOWERS, HERBS & SPfCES 

1200. ax:ALYFTUSOfL 
12D1. EXTRACTKDNOFOiLFROM 

OIL SEED DCmcê BORUSON 
TECHNOLOGY) 

laaz FATyOUORSlAPHATEDOiL 
taoa FLAVOURS FOR FOOD 
12W. GARLiC0ft.4P0WDER 
t235. GINGER OIL, SANDALWOOD

08. AND NAGARMO-mA OIL 
12D6. GINGEROa.
12D7. GINGER OIL & GINGER 

DUST
1208. INTEGERATED WAX 

COMPLEX 
12D9. lONONE FROM LEMON 

GRASS OH.
1210. JASMWE4LILLY 

FLOWEROIL
1211. LEMONGRASSOIL
1212. UQUIC PARAFFIN
1213. LUBE01L4GREASE
1214. LUBRJCATtNGOn.
1215. MEprmOLCRYST«.S
1216. MENTHOL OIL 4 CRYSTAL
1217. MICRO CRYSTALLINE WAX 
1218 MUSTARDOIL{EOIBLEOIL)
12ia OIL FROM ARTEMISIA HERBS
1220. P/iM OIL CRUSHING UNIT
1221. PANMASALA
1222. RWVFFINWAX
1223. PARAFFIN WAX FROM SUCK WAX
1224. REFINEDOIL-SUN FLOWER 

OIL, GROUNDNUT Ot,
STAFF FLOWER OR. &
COTTON SEED OIL

1226. REFINEDVEGETABLEOR.
1226. RECLAMATION OF USED 

ENGINE OIL
1227. RICE BRAN OIL (R.B.O)
1228. ROSEOIL EXTRACTION
1229. SMOKE LESS CANDLE
1230. SPICE OIL &OLEORESINS
1231. SOLVENT EXTRACTION 

PLANT (OIL CAKE BASED)
1232. SYMTHETC ALMOND OIL
1233. SWIHETIC TALLOW 
1234̂ SYNTHETIC GHEE
1235, VEGETABLE OIL 

EXTRACTION & REFINING
1236. WADDINGOIL(10<rtt)FOR WADDING OF COTTON 

HOSIERY CLOTH IN DYEING

PROCESS
1237, WAX EMULSION FOR TEXTILE
1238. WAX FLOOR POLISH

PAINT, ENAMEL, SOLVENTS, 
THINNERS, INKS & VARNISH

1239. ACRYLIC EMULSION PAINTS
1240. ALUMINIUM PyVINT
1241. AUTOMOBILE WMNTS
1242 BALL POINT PEN REFILL INK 
124X BITUMINKDUS ROAD 

EMULSION 
1244, BITUMEN
1J4S, BfTUMINIOUS FELTS FOR 

WATER & DAMP PROOFING 
J246. 8ITUMINI0US ROAD

EMULSION RAPID MEDIUM & 
SLOW SETTING

1247. BUFFINGS POLISHING
1248, CEMENT PAINT FOR WHITE 

4GREYCEMENT

1249, DISPERSANT
1250, DRY DISTEMPER ,
1251, DRY DISTEMPER 4 CEMENT 

PAINT
DUPLICATING INK BUCK 
FORGESTNER DUPLICATOR 

1255 EMULSION RfUNTS (WATER 
BASED)

1256. HAMMERTONEWUNT
1257. IN ÛTING VARNISH 4 

WIRE ENAMEL
125B. IRON OXIDE PK3MENTS
1259, INSUUTINGVŴ NISH (POLY 

VINYL 8UTYRAL BASED, FFC 
GRADE)

1260. LIME COLOUR (CEMENT 
COLOUR)

1261. SYNTHETIC RED OXIDE FOR 
FLOORINGS

1262, SOLVENTS THINNERS
1263, MARKING INKS (WATER 

PROOF)
1264. METAL N/USHTHANATE (AS 

DRIER FOR PAINTS)
1266. N.C.PUTTY

1206. OFFSET PRINTING INK
1267, OIL BOUND DISTEMPER PAINT 1288, WINT BRUSHES
1209, RAINT REMOVERS
1270, PAINT INDUSTRY
1271, PAINTSVARNISH
1272, PICTURE VARNISH
1273, POWDER COATING PAINT
1274, PRINTING INKS (OFFSET, 

FLEXO 4 ROTO GRAVU RE)
1275, PRIMER PAINTS ENAMEL PAINT
1276 PUTTYSWATERPROOFING RAINT
1277, PRINTING INKS 

(FLEXO-GRAPHIC INK)
1278, PUTTY (METAL CASEMENT)
1279, RED OXIDE PRIMER 

(ANTICORROSIVE)
1280, REFRECTORY PAINT 

(GRAPHITE BASED)
1281, a:REEN PRINTING INKS
1282, SILKSCREEN PRINTING INK 

FORMULATION FOR PLASTIC 
PAPER. CLOTH

1283, STAMP & PAD INK
1264, ST0V1NG PAINT
1285, SPIRIT SOLUBLE MALEIC 

f̂ SIN
1286, TEXTURE PAINT
1287, THINNERS AND ITS ALLIED 

PRODUCTS
lae. TONER INK
1289. VARNISHTHINNER(SOLVENT)
1290. VACUUM METALLIZING 

UCQUERS
1291. WOOD PRIMER
PHARMACEUTICAL. DRUGS.

AYURVEDIC/HERBAL 
COSMETICS & MEDICINES. 

HOMOEOPATHIC MEDICINES, 
DISPOSABLE SYRINGE. DENTAI 
COLLEGE & FINE CHEMICALS

1202, AROMATIC PILLS
1293, ASPIRIN
1294, AYURVEDIC PAIN BALM 

OINTMENTS
1295, AYURVEDIC CHURAN AND 

TABLETS
1296 AYURVEDIC TABLETS 

(HAJMOLA TYPE)
1297. AYURVEDIC/HERBAL 

PHARMACY 
1200. AYURVEDIC SHERBATS
1299. AYURVEDIC PRODUCTS
1300. BULK DRUGS (E.O.U)
1301, BLOODBAGS
1302, CALCIUM GLUCONATE 
13C3, CAPSULE. TABLETS

INJECTION WITH MODERN 
INSTRUMENTS

1304, CASHEW FENI 
13(K CHLOROQUINONE

PHOSPHATE (BULK DRUGS)1306. CLINICAL THERMOMETER1307. DENTAL CLII
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130a C«NTAL COLLEGE 
1300. DENTAL GRADE EUGENOL 
1310. DEXTROSE MONOHYDRATE, 

LIQUID GLUCOSE 
1311 DEHYDRATED ONION 4 

ONION POWDER 
1312. DEXTROSE POWDER

(ANHYDROUS FROM STARCH)
1314. DEXTRO.̂  SALINE SOLUTION
1315. DISTILLERY (I M.FL)
1316. DISPOSAa.E NEEDLES FOR 

SYRINGES
1317. DISPRIN
1318. DISTILLED WATER
1319. EMPTY HARO GELATINE 

CAPSULES
m o . FILLING a PACKING OF 

CAPSULES 
1321 GLUCOSE • 0 - POWDER 
1322. GIYCERINE 
1323 HERBAL COSMETICS
1324. HERBAL SHAMPOO
1325. HERBAL HAIR OILS 

(AYURVEDIC)
1326. HOMOESBIO-MEOICINES 

WITH MOTHER TINCTURE
1327. HOMOEPATHIC MEDICINES
1328. HYPODERf̂ tC NEEDLES
1329. IV FLUIDS
1330. IBUPROFEN
1331. INFUSION S TRANSFUSION 

SETS(I.V SET)
1332. INJECTABLE FOR 

PHARMACEUTICALS
1333. INJECTION AMPOULES 

PACKAGING BOX
1334. tNTEGERATED SURGICAL 

COTTON
1335. ICE MAKING PLANT
1336. ICE & COLD STOFIAGE
1337. LACTOSE4 BYPRODUCTS 

PROCESSING FROM MILK
1338 LICHEN (jatamansi charila}
1339 LIQUIO GLUCOSE AND ITS 

BY-PRODUCTS
1340 L-LYSINE MONOHYDRO 

CHLORIDE
1341. LIQUID GLUCOSE FROM 

POTATOES 
1342 MEDICAL COLLEGE
1343. NICOTINE FROM TOBACCO 

WASTE
1344. OINTMENT-AYURVEDIC 

(YELLOWS, WHITE)
1345. PHARMACEUTICAL AND

FOOD GRADE GELATINE
1346. PHAFŴ CEUTICAL 

INDUSTRY (TABLETS. 
CAPSULES, LIQUID GEL 
OINTMENT POWDER 
INJECTABLE)

1347. PHARMACEUTICAL UNIT 
(EOU) WITH FORMULA 
TIONS, INJECTABLES,
ETC. PYRIDINE & DERIVATrVES 

1346. SALT (IODIZED SALT)
1349. SALINE & INJECTION WATER
1360. SAUNEWATER4DEXTROSE 

SOLLmON aV.FLU© IN

PLASTIC BOm£S)
1361. SCWBITOL 
1352. STARCH (MAIZE)
1363 SURGICAL ADHESIVE 

PLASTER 
1364. SURGICAL BANDAGES 
1355. SURGICAL 61OVES 
1367 SURGICAL COTTON 
1358, SURGICAL COTTON AND 

BANDAGE
1369. SYNTHETIC CAMPHOR 

POWDER 
1360. Ty>̂ .£TS* CAPSULES 
13B1. TISSUECULTURE 
13R2. TINCTURE FROM RECTIFIED 

SPIRIT
1363. TRIMETHOPIME
1364. VETERENARY MEDICINES 

(ONLY FORMULATIONS)
1365. VITAMIN'C-, SORBtTOL- 

ANHYDROUS DEXTROSE, 
STARCH

PULP. PAPER, STRAW/GREY 
BOARD. KRAFT PAPER. 

PACKAGING, PAPER CARRY 
BAGE, PAPER FROM AGRO 
WASTE & STATIONERY ETC.

1366. AMMONIA PAPER
1367. AUTO»AATIC BOOK BINDING
1368. ADHESIVE (FEVICOL TYPE)
1369. ALL PIN & GEM CLIPS
1370. CARBON PAPER 
1371 CARDBOARD
1372. CARBON LESS PAPER
1373. CELLPHANE PAPER 
1374 COMPUTER FORMS &

SECURITY PRINTING PRESS 
13re. CORRUGATED BOARDS 

BOX pRIt̂ TED & LAMINATED)
1376. CORRUGATED BOARD AND 

BOXES FROM FROM CARD 
BOARDS

1377. CORRUGATED C/WTONS 
FROM PLAIN PAPERS

1378. CORRUGATRED RACKING
& MATERIAL (BULB & TUBES 
PACKING)

1379. DESKTOPPUBLtSHING
1380. DEFOAMING AGENT FOR 

PAPER PLANT
1381. DRINKING STRAW PAPER
1382. D.TP CUM OFFSET PRESS
1383. EGG TRAYS
1384. EXERCISE NOTE KX5K. 

REGiSTER/̂ DFWD
1385. FLEXOGRAPHIC INK
1386. GREETINGCARDBYOFFSET 

PRESS
1387. HAND MADE PAPER FILTER 

PAPER
13Sa HARD BOARD 
13ea INJECTION AMPOULES 

R<kCKAGING BOXES
1300. INSULATIING fWER 
1391. KRAFTFAPER 
im  KRAFT PAPER FROM BAGASSE 
1383. LAMINATED PACKAGING

PAP£RWfTHPRlNT?NG
1304. W ^T tO N  S COATING Of*

1305. M.G.PAF̂ RFROMWASTE WPER
1306. MILL PAPER FROM WASTE fWPER
1357. MILL BOARD FROM RICE & 

WHEATSTRAWS
ISee. MILLBOARDFROMWASTE 

PW=ER
1389. MINI PAPER PLANT FROM 

SISAL
1400. MINI PLANT
1401. MULT1WALLBW»ERSACKS
1402. NEWSFAPERFORCXILOREN
1403. NEWS f̂ INT PAPER FROM 

RICE STRAW BAGASSE
1404. NEWS PAPER CHILDRENS1405. NEWSPRINT
1406. OFFSET AND 

TYPE PRINTING PRESS
1407. MIU BOARD BASEDON RICE 

STRAW
1408. PAPERANDBOARDFROM 

STRAW
1409 PAPER 4 f»PER PRODUCTS
1410. FW>£R ENVELOPES
1411 PAPER CARRY BAGS
1412. PAPER BOARD CARTON
1413 PAPER CONES FOR LOUD 

SPEAKERS
1414. PAPER FROM AKRA
1415 PAPERFROMBAGASSEWITH 

CORRUGATED BOARD 4 
BOXES

1416 PAPER FROM BAMBOO
1417. PAPER GLASSES FC« 

BEVERAGES
1418. PAPER FROM RICE HUSK 

4 WHEAT HUSK
1419. PAPERFROMTREEBARK. 

EUCALYPRUSWOOD
1420. PRODUCTS
1421. PAPER PLANT (WHITE 

WRITING 4 NEWS PAPER 
FOR PULP 4 WASTE PAPER)

1422. PAPER PLATES RW*ER GLASS
1423. PAPER CONES 4 TUBES
1425, PAPER PLANT WITH OTP 4 

PRINTING & PUBLISHING 
UNIT

1426, PAPERBASEOPHENOLIC 
SHEET

1427, FWER CUP FORCE CREAM
1428, RVER TUBES SPIRAL 

WINDING COMPOSIT 
C(5NTAINER

14̂ . PAPER LABLE FOR BEER 
BOTTLES

1430. FARTICLEB0ARD4BLACK 
BOARD WITH SANDINQ & 
LAMINATION OF PARTICLE 
BOARD

1431. PARTICLE BOARD FROM 
RICE HUSK

1432. POUCH FILLING*MAKING 
FOR TOMATO SAUCE

1433. POUCH MAKING &
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GRAVURE PWNTING 
1434. PROCeSSWG OF PAPER FOR 

 ̂ FEEDIMG IN COMPUTER 
il«5 WJtP FROM BAMBOO & WOOD 
!«S6 PAPERFILHS 
1437 PLAVING CAROS 
Mae ROSINS)2INGAGENT(FOR 

FWPERPIANT)
1436. SANDRW^
1440. SANITRYNAPKWS
1441. auCON COATED RAP6R 
144Z STENCIL PAPER
1443 STRAW BOARD GREY 

BOARD
1444 STRAWBOAR04MILLBOARO 
1445- STRAW80ARDANDW>ER

BOARD 
1*46 TISSUE PAPER FACIAL
1447. TISSUE MOtSTTOlLETERY 

CLEANSING TISSUE AND 
REUTED PRODUCTS

1448. TtSS6£R̂ PER ROLLS
1449. TFmAPACKFOftMILK 

PACKAGING, GHEE iOTHER 
LK3UIDS

1450. TOILET PAPER RCM,LS
1451. 10ILETPAPER4NAPK(NS 
14SZ WAX COATED PRINTED PAPER 
1453 WET FACE FRESHNERTISSUf
1454. WH(TEWRniN6« PRINTING 

«\PER
1455. WRITING «PRiNTiNG PAPER 

(PAPER MILLS)
PLASTIC, 8.0.P.P, ACRYUC.

I DISPOSABLE PLASTIC 
: PRODUCTS. PET PRODUCTS, 

P.V.C, H.D.P.E, P.P. L.D.P.E., 
P.U, A.B.S, 

THERMOFOARMING, MASTER 
BATCHES, & POLYMER 

AND
RUBBER PRODUCTS. TYRE, 
TUBE, ADHESIVE. SHEET, 
COIR & MANY OTHERS
ABS GRANULES FROM ABS 
SCRAPS FROM OLD TV. 
CABINETS, WHTC GOODS 
ETC.

1457. ACRYLIC BEADS 
1 .̂ ACRYLfCCOPOCYMER 

EMULSION 
1459. ACRYLIC LATEX 
14S0. ACRYLIC sheet’
1461. ACRVllC SHEET 4 MOULDED 

W«3DUCTS
1462. ACRYLJCT̂ TH 
1463 AUTOTUKS
14S4. AUTO FLAPS FOR TRUCKS & BUSES
14ffi AUTO TYRES 4 TUBES 
1466. BABY BOTTLES {PLASTIC) 

WITH WHITESILICON RUBBER 
NIPPLES 

1467 B.OP.P.-FILM 
1488. B.O.P.P. PRESSURE SENSITtVE 

SELF ADHESIVE TAPE

146a BAflVNIPPLE(SlLICON)
1470, BABY NIPPLE (BIG SiZEJ
1471. BALLOON PLASTIC 

ADVERTISING
1473 a,ISTERFILMPVC
1473. BLISTER PACKAGING 4 

POUCH PAKAGiNG
1474. BLOW MOULDING PLASTIC 

CONTAINER
14re. COATING ON METALIZED 

POLYESTER
FILWMETALISEDPAPEW 
AL(̂ «NIUMFO!L 

1476. COATING ON PLASTIC 
(aECTROLYSIS) & GLASS 

1477 COIR F0M1 (RUBBERISED)
1478. COLOURCOATINGON 

PLASTICS
1479. COLOUR MASTER BATCHES 

FORVARIOUS PLASTICS
1«0 CYCLE TYRES AND TUBES 
1481. DiSPOSABLEPÛ STlCCUPS 

GLASSES. ETC 
148Z DISPOSABLE PLASTIC 

SYRINGES&NEEDLES
1483, DI^SABLE PLASTIC 

SYRINGES
1484, DOUGH MOULDING 

COMPOUND (D.M.C)
1485, EPOXY RESIN
1-  ̂ EXPANDED POLYESTT̂ E 

MOULDING (THERMOCOLE) 
1467. F.R.PAUTO.SCOOTER 

ROOFS4CE1LINGS
1488. F.R.P PRODUCTS (HELMET 

WASHBASIN SHEETS. 
ROOFING SHEETS)

1489. FIBRE REINFORCED 
PLASTIC (HIGH PRESSURE 
MOULDING Wrm SMC BMC 
AND DNC)

1490. FIELD RUBBER CONVERTED 
TO THE 60% LATEX WJBBER

,1491, FLEXIBLE RU, FOAM
1492. FORMALDEHYDE CROCKERY 

4 OTHER ITEMS
1493, FORMALDEHYDE RESIN 

(UREA. PHENOL,MELEMINE)
1494, GASKET SHEET 
1496, GUM BOTTLE (PVC)
1496, GLASS BEADS
1497, HDPE COATED PAPER SACK 
1456. H.D,P,E.BAGS
1495. H.DP.E. CONTAINERS (BLOW 

MOULDING)
1S00. H.D.RE CONTAINER. POLY 

JARS BY INJECTION 
MOULDING (FOOD GRADE)

1S31, H.D.RE.JERRYCANS 
150̂  HDPE MANUFACTURING 

FROM ETHVIALCOHOL
1503. H.DP.E PIPE AND FITTINGS1504. HDPE.PIPES
1505. H.D.P.E PRINTED BAGS 
15C6. HJ3.P.ETWINESANDR0PES 
1507. H.D.P.E.SL,D,P.EPIPESANDFITTINGS
1506. H.D.PEff-PSOXSTRAPPlNG 
•" .E/PP WOVEN SACKS

USING RUIN LOOMS
1510. HOLOGRAM STICKERS-3D
1511. H.MBAGPLANTWITH 

PRINTING UNIT
1512. HAWAICHAPPALS (RUBBER)1513. I.V PLASTIC BOTTLE
1514. ICE CREAM CUP (PLASTIC) 
1515 INJECTION MOULDED

AUTO COMPONENTS 
1518. INJECTION & BLOW MOULDED 

PLASTIC PRODUCTS
1517. INJECTION MOULDED 

PLASTIC PRODUCTS
1518. INTEGERATED COMPLEX 

ESTER'S4 ALLIED PRODUCTS (D.O.P.D.B P, 4 ETHYL 
ACETATE BUYTL ACETATE, 
WIRE ENAMELS, JELLY CABLE 
COMPOUND)

1519 L.D-P.E, (LOW DENSITY POLY 
ETHV̂ ENE) GRANULES FROM 
VIRGIN (LD.P.E. RESIN)

1SC0. INTEGERATED SURGICAL 
RUBBER GOODS INDUSTRY

1521, INJECTION MOULDED 
PLASTIC BAiLS

1522, L,D.P,e FROM ETHYL ALCOHOL
1523, LOPE MOULDED PRODUCTS
1524, LAMINATKDNOFCO0CTRUSION 

MULTILAYER FILM IN ROLL 
FORM

1525, LATEX RUBBER
1526 LATEX RUBBER CONDOM 
1527. MASTER BATCHES 

(COLOURED, P.V.C,
LD.P.E, H.D.PE. ETC)

1S8. MELAMINE FORMALHYDE 
RESIN

1529. MOULDED LUGGAGE 
1530 MULTI-LAYER (3 UYER BAGS)
1531. MULTI-LAYER(3LAYER)FILM 

WITH LAMINATION 4 PRINTING
1532. OIL SEAL
1533. PET BOTTLE/CONTAINERS
1534. PET BOTTLES FROM PRE 

FORM
1535 PETB0TTLE4MINERAI 

WATER
1536. PET PRE-FORM FROM PET 

RESIN
1S37 PET PRE-FORM CUM PET 

BOTTLES
1538. PET PRE-FORM PET BOTTLES 

CUM MINERAL WATERS
1539. POLYCARBONATE RESIN
1540 PTFE COMPONENTS
1541 PU/PVCSOLEFORSPORT 

SHOE BY IMPORTED M'C.
1542. PVC BATTERY SEPARATOR
1543 P.V.C COMPOUNDS (FRESH)
1544 PVC COMPOUNDS (SCRAP) 
1515, PVC ELECTRICAL

INSULATING TAPE
1546, PV.C EXTRUSION PROFILES
1547. PVC FITTINGS
1548. RV.C FLEXIBLE FUSIBLE 

POWDER HEAT FUSIBLC POWDER
1549, P.V.C GRANULES ff
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lasi.
1562.
1S53.
1555
1556.

1561

1562

1575.
1576
1577.
1570.

1580.
1581. 
1582 
1563

1506,
1507.

INSULATIONS SHEETS 
GRADES)

P.V.C GRANULES FROM Pi/C 
SCRAPS (WITH P0LLUTK3N 
CONTROl.)
P.V.C HOSES 
P.V.C LEATHERCLOTH 
P.V.C FLEXIBLE PIPES 
RV.C PIPES AND FITTINGS 
POLYTHENE BAGS (PRINTED) 
FVC PLASTICS FILM SHEET 
SOFT/RIGC
PVC RESIN AND COMPOJND 
PVC RULAR
PVC STASLIZERS (SINGLE 
PACK SYSTEM)
PVC WIRE AND CABLES 
PAPER BASED PHENOLIC 
SHEET FOR ELECTRICAL 
PHENOL FORMALDEHYDE 
RESIN
PHENOLIC f̂ SIN 
PLASTIC BEADS FROM 
PLASTIC SCRAPS 
PLASTIC BUTTONS 
PLASTIC CANS 
PLASTIC COLLAPSIBLE TUBE 
PLASTIC CORRUGATED 
SHEETS BOXES 
PLASTIC FILM AND SHEETS 
WITH PRINTING FLEXO & 
ROTO/LDPE/HDPEfl’PflHMff'VC 
PLASTIC FIL7BR MASTER 
BATCH & OTHER MASTER 
BATCHES FOR VARIOUS 
PLASTICS
PLASTIC JERRY CANS 
PLASTIC GRANULES OR 
POWDER FROM PLASTIC 
SCRAP
PLASTIC INJECTION 
MOULDED tv, CABINETS 
PLASTIC ITEMS MANUFAC 
TURE FROM POWDER 
MELAMINE 
PLASTIC GOODS 
PLASTIC PireS & TARPAULNES 
PLASTIC SHEET FROM SCRAP 
PLASTIC H-ANT (BLOW 
MOULDINGS INJECTION 
MOULDING)
PLASTIC PRODUCTS (GOLD, 
SILVER, NICKEL) 
FIASTICTOYS 
POLYESTER BEADING 
POLYESTERFILM 
POLYTHENE BAGS S 
AUTOMATIC PRINTING 
POLYTHENEPRIMTEOBACS 
POLYURETHANE FOAM AND 
ITS PRODUCTS 
PROPYLENE FILM (PRINTED) & 
BAG mNUFACTURlNG 
PLASTIC MATS 
RAINBOW COLOUR ON PVC 
FILMS SHEET 
RED MUD PVC PIPES AND 
FITTINGS
RE-RUBBERISED OF SOLID

TYPE
RESIN COATED SAND REXINE 
REXINE CLOTH SALLIED 
PRODUCTS 
RUBBER ADHESIVE 
RUBBERAUTO PARTS 
RUBBER BELTING 
RUBBER MOULDING UNIT 
INCLUDING LINING RUBBER 
SHEETING
RUBBER RECLAIMING 
RUBBERROLLERSFOR 
TEXTILE MiaSSPAPW ' 
INDUSTRIES
RUBBER S PLASTIC SHEETS,
MATSSFLftiPS
RU ÊR SHEET AND MJ.1ED
HOSPITAL RUBBER GOOt«
RUBBERIZED PVC GASl̂ T
RUBBERISED COIR
RUBBER COMPOUND FOR
AUTOMOBILES
SAFETY BELTS
SILVER AND GOLD RATING
ON PVC AND NYLON-6
SILICONE RUBBER NIPPLES/
TEATS
SPECTACLE FRAMES 
(PLASTIC)
SPUNGE RUBBER 
SUFtGICAL EXWrflNATlON 
GLOVES
SYNTHETIC PEARL COATING 
W PC«.YSTYRENE BEADS 
SYNTHETIC RUBBER 
ADHESWE
TEFLON MANUFACTURING 
TEFLON TAPE 
TEFLON TAPES & CABLES 
THERMOCOLE SHEET AND 
MOULDED PRODUCTS 
EXWNOED POLYESTEREhe 
EXTRUaON FWFIieS 
THERMOFORMED 
PACKAGtNG (BLISTER 
PACKAGING S 
POUCH PACKAGING) 
THERMOPLASTIC 
POLYURETHANE 
THERMOFORMED CUPS, 
PLAINS S GLASS WITH HIPS 
SHEET
■mERMOCOLE 
THERMOCOLE BASED 
DISPOSABLE GLASS, CUPS S 
PLATES
TOOTH BRUSHES
TOY BALLOON. DECORA Tl\̂
& INDUSTRIAL BALLOONS
TREAD RUBBER
TYRE (̂ TREADING (HOT)
TYRE RETREADING BY COLD
PROCESS
TYRE TUBES S FLAPS 
TYRES TUBES 
UNSATWATED POLYESTER 
FOR REXINE 
V-BELTANDFAN BELT 
VINYL A ÊSTOS AND PVC

WALLPAPER 
1S31. VrrON(FLUORO 
___ ELASTOMER)

ACID SLURRY, SYNTHETIC 
DETERGENT POWDER 
ACIDSLUF«Y 
AGARBATTI SYNTHETIC 
PERFUMERY COMPOUND 
AFTER ̂ VELOTtON 
ANTISEPTIC CREM«
^A lONONE 
BLEACHING POWDER 
BLUEDEm?GENTPOWDER 
CLEÂ «NG P0WD6? (VWYPE) 
COLO CREAM 
COLOURED FLAMES 
PERFUMED CANDLES (RED 
BLUE, GREEN FLSME) 
CÔ ETIC INDUSTRY 
(MODERN)
COSMETIC INDUSTRY 
(SHAMPOO. SPRAY 
PERFUME. TW.CUM 
POWDER
DETERGENT POWDER 
(ARIEL TYPE)
( ÊRGENT POWDER 
(NWMA TYPE) FULLY 
Ain-OMATIC PLANT 
DETERGENT WASHING 
POWDER 
FtSHOILSOAP 
GLYCERINE TRANSFWREMT 
SCkAP
HAIR REMOVING CREAM 
HERBAL COSMETICS 
HERBAL SHAMPO S CREAM 
HERBAi;AYURVS3C 
COSMETKS 
INCe4SEPOVk0ER.»K:ENSE 
STICKS S INCENSE CAKE 
OPTTCALWHITENERS 
ROSE 08. EXTRACTION 
SHAMPOOS (COCONUT 0«. 
BASED COLD PROCESS) 
SHAVING CREAM 
SINDUR (KUMKUM)
SOAP COATED Pî tftR 
SPRAY DRIED DETERGENT 
POWDER 
STAW REMOVER 
TALCUM POWDER (FACE S 
TOILET POWDER)
TOILET AND HERBAL SOAP 
TOOTH RASTE S POWDER 
WASHING C«TEft<̂ T 
POWDER AND WASHING 
SOAP
WASHING P0Vrt5ER LIQUID 
0GTERGENTS.L0TK3N S 
SHAMPOO

>U>ove alt the Detailed Project Reports are available at "ENGINEERS INDIA 
RESEARCH INSTITUTE". 4449, Nal Sarak (D), Main Road Delhi -110 006

•  Ph : 91-11-23918117,2391 6431.23840361,31082370 •Fax : 91-1t-2391 6431
•E *M a ll: elrisidi(§)boI.nct,in



TEXTILE INDUSTRIES, 
•READYMADE GAf?MENTS. 

COTTON. DYEING, 
BLEACHING. CLOTH. 

HOSIERY. POWER LOOM. 
HAND LOOM, WOOLLEN. 
SILK. SOCKS. SURGICAL 
COTTON & MANY OTHERS

16B7 ANGORA RABSrr WOOL
1668. BUCKRAM
1669. CANVAS SHOES. JUNGLE 

BOOT BOOT RiaSER KNEES 
4B00TC0MSAT

1670. CARPET FROM COTTON 
WASTS ■

1671. CERAMfC THREAD GUIDE
1672. COTTON BUOS«WABS 
1673 COTTON FROM WASTE YAW>J 
1674. C0Tt6n ROLLS
1575. COTTON SPIDERS FOR LOUD 

SPEAKERS
1676. DENIM CLOTH '
1677. DENIM CLOTH 

(INTEGERATED 
UNfT WITH BLEACHING. 
DYEING AND FAINTING)

1670 DISPERSENTFORTEXTH-E 
1679. DYEINGS BLEACHING 
?6». D'l̂ ING OF HANK YARN 
1601, EMULSIFIER FOR WOOL 

BATCHING OIL 
1685- EMBROIDERYON FABRICS 
1683. GARMENT D't̂ NG, WASHING 

& STITCHING (JEANS. 
JACKETS, SKIRTS & SHIRTS) 

1694. GOVES KNITTING 
168S. GUNNY BAGS 
1687 HDPEWOV̂ N SACKS 
168B. HDPETARPAULiNSUSING 

PLAINLOOMWITH 
LAMINATION 

16B9. HOPE/PPWOVENSACKS 
USING CIRCULAR LOOMS 

I860. HOSIERY CLOTH (COTTON) 
PftOCESSING {BLEACHING, DYEING, FWISHINGOF 
CLOTH)

1091 HOSIERY INDUSTRY 
1892. HOSIERY MERCERISING 
1693. HOSIERY PRODUCTS LIKE 

VEST. BRIEF, T̂ HIRTS&SOCKS 
1094. JACQUARD FABRJCS 
1666. JUTE COIR GRASS ROPE/ 

SUTLI MAKING 1606. JUTE FELT 
16̂ . JUTE TWINES 
1686. KNITTEOFABRICS 
1899. LAMINATED JUTE BAGS
1700. LAMINATION OF HDPE 

WOVEN CLOTH 
(JUTE.COTTON, PAPER)

1701. NYLON YARN CRIMPING 
DOUBLING AND BLEACHING

17Q2, PIGMENT BINDER FOR 
TEXTILE PRINTING 

1704. POLYESTER RESIN FOR WIRE

P b3w5r  !
I’M POLYESTS<f«SW 

[ POLYESTER YARN FROM
' WASTE POLYESTĤ rr

FASTINERS
1707. POWER LOOM
1708. f̂ AOYUADE GARMENTS a 

HOSIBW
17D9 READYMADE GAJ»MENTS 

MERCHANDISE 
1710. READYMADE GARMENTS 4 

COVERS 
1711 READYMADE GARMENTS & 

EMBROIDERY OF GOWNS. 
SHIRTS, BLOUSES. T-SHIRTS 
ETC. (ONLY LADIES)

171t READYMADE SALWAR SUIT
1713. RECOVERY OF NYLON FROM 

NYLON WASTE
1714. ROTARY PRINTING AND 

DYEING ON COTTON. 
SYNTHETIC TEXTILE

1715. SANITARY NAPKINS
1716. SCREEN PRINTING ON 

COTTON CLOTH
1717. SEWING THREAD f̂ ELSfi 

BALLS MAKING IWUSTRIES
1718. SCREEN PRINTING ON 

COTTC»LPOL’t̂ STER4 
ACRYLIC

1719. awWLS (WOOLLEN)
1720. SHOELACES
1721. SILK FABRICS ON H/WDLOOM 172i SOCKS KNITTING
1723. SPINNING, DOIWLING DYEING 

MERCERISING & BLEACHING OF COTTON YARN
1724. SPINNING 4 CARDING OF 

WOOL INTO YARNS
1725. STARCH BOOK BINDING 

CLOTH
1726. SURAT JARl
1727. SURGICAL COTTON & 

BANDAGE
I7M. SYNTHETICTEX11LE 

INOUSTRYfSUITING,
SHIRTING, SAREES) TERRY CLOTH

1729. T-SHIRTS
1730. TOWELS. BED SHEET COVERS1731. TERRYTOWEL
1732. TERRY FABRJCS WEAVINGUNIT
1733. TEXTILEAUXiaiARlESi 

CHEMlC/y.S '
173< TEXTILE BLEACHING, DYEING 4 FINISHING 

4 PRINTING OF COTTON FABRICS
1735, TEXTILE (HOSIERY)
1736. TEXTILE Mia
1W, TEXTILEDYBNG4PR1NTING 
1736. TEXTILE PRINTING (JOB WORK)
1739. TEXTILE PIGMENT PRINTING BINDER
1740. TOWEL (TERRY)
1741. VELVETCLOTHBYFLOCKINGDoriT'Coe

17«” V^OSE STAPLE FIBRE-----
1743, WADDINGOIL(100N)FOR 

WADDING OF COTTON 
HOSIERY CLOTH IN THE 
DYEING PROCESS 

1744 WEAVING OF DASUTt CLOTH WrTH PRINTING, DYEING 
EMBROIDERY & FINISHING 

1745, WASHING0FjEANS40THeR GARMENTS 
1746 WORSTED WOOLLEN YARN CLOTH
1747. ZARJGLfTTER SALMA SITARA 

OF RUSTIC FILM
INFOTECHflT, HOSPITALITY, 

HOSPITAL. COLLEGE. SCHOOL.
MEDICAL, ENTERTAINMENT 

CLUB. WARE HOUSING & REAL 
ESTATE, PROJECTS

1748 AMUSEMENT PARK
1749. AMUSEMENT PARK CUM 

WATER PARK
1750. BANQUET HALL
1751. CALL CENTER (DOMESTIC)1752. CALL CENTER 

(INTERNATIONAL)
1753. CHILDF̂ N RECREATION 

CENTRE
1754. COLDSTORAGE 
1755 COMMUNITY HALL 
1756, COMPUTER EDUCATION

INSTITUTE 
1 .̂ COMPUTER SOFTWARE 1756. COLLEGE 
1756, CYBERCAFE
1760. DENTAL CLINIC
1761. DENTAL COLLEGE
1762. DIAGONOSTIC CENTRE
1763. E-COMMERCeBUSINESS
1764. Ê CHOOL{Rs.5000/-)
1765. ENGINEERING COLLEGE
1766. ENTERTAINMENT CLUB
1767. ENTERTAINMENT CLUB 

HOLIDAY RESORT, 4 STAR 
HOTEL AMUSEMENT PARK 
CUMWATERPARK. 
MUSHROOM 4 ITS- 
PRODUCTS. FISHFARMING 
lake FOR BOATING, DEER PARK

1768. FASHION TECHNOLOGY 
INSTITUTE

1769. FAST FOOD PARLOUR
1770. Fl\̂  STAR HOTEL
1771. FOODPARLOUR
1772. FRANCHISE TRAINING 

PROGRAMME FORlIT* 
ENGINEERING ENTRANCE

1773. GOLF COURSE
1774. HEALTH CLUB, BEAUTY PARLOUR
1775. HEALTH CLUB AND FITNESS CENTER
1776. HEALTH RESORTS
1777. HOLIDAY RESORTS 
177a HOLIDAY RESORT CUM

,n? r '  in o ia

.Ph:91.11.«918,17.2391
: eiri5idt@bol.nel,in



P4T|’I1AINM* NU-| im'AiTi
4 3 M M H O ttt

WTtHNfcl »MVK i
MfCHCAl U '^ U iA  Ufc OCAl I'iX 11 lit.»tt I aPi 1 At
s  Rt SI A H \h tK » a» m iu  
UC.OtCAl 
O tN TK t
MCNrM MIIAHIVMION 
HOSHT̂ tt A K t Ml WIW 
PM.S'k
MOm SKtWl UlU.l, 
MtJlTlSTORl '* COMMj Ki_IAi 
COMPVrA
MULTJSTORLV « ts il ) t  N1 lAl 
COMPLEX 
NURSERV SCMOQl 
NATURE CAR rC!NTR I. 
NURSING HOME 
ONLINE SHOPPING MAI I 
(RS 5000.-REPORT)
PORTAL
REHABILITATtONCENTRe 
FOR AGED 4NE£DY 
PERSONS 
RESIDENTIAL CUM 
COMMERCIAI. COMPLEX 
RESTAURANT 
RESTAURANTWITH PUB 
SCHOOL (PRIMARY) 
SCHOOL (HIGHER 
SECONDARY)

10DO THREE STAR HOTEL 
1801 TOURIST CLUB 
1802. TRAINING INSTITUTE FOR 

MEDICAL TRANSCRIPTION 
1833. VIDEO FILM STUDIO 
1004. WAREHOUSE
1805. WEBSITE DESIGN 4 E-MAIL 

f^G iSTERING ______

AGRO BASED INDUSTRIES
1806. COAL BRIQUETTES FROM 

AGROWASTE
1807, FURFURALFROM RICEHULL
1808, MUSHROOMCULT1VATION& 

PROCESSING (BUTTON)
1809. MUSHROOM GROWING & 

PROCESSING WITH AIR 
CONDITIONING

1B10, MUSHROOM CULTIVATION & 
PROCESSING UNIT 
DEHYDRATIONS PACK/
OF OYSTER &F^DDY 
STRAW MUSHROOMS 

1611. ORGANIC MANURE
1812. FW>AYA CULTIVATION
1813. PAPAYA&TOMATO 

CULTtVATtON
1814. PROCESSING A UTILISATION 

OF COCONUT
5. PROCESSING OF SHEE 

TO PRODUCE WOOL

W AKfe«Y ,C O N fEC T»O N C R V* 1 
FOOD PROtHJCTS ]

t u n m e K .  \

IH)« AiMDLACTOH SQ'flk.MLX
m ij At-tH f  »«U1T JU lC f WITM

I ANNlNvl > .auF«uae
i* in ArUKV/bCMC SHAftSAT M VTC A M M M iL lC
Him tu K trn r  u N ii ( p A s m e a p p o c u r s

t in t  A ll, BlJNSi CAKE •886, OAL\ICTh . 1 ■
lo f r r tE T C )

la.'i' »WKIN<5 J*OWO£R >85; ae H vO R A T O *C F = aL rS 4  .
MANANA A ITS BV PRODUCTS

ytV} WANANA POWOtR iflBB 36SiCCATH3CCC0»*J'
itt-.i HANANAW.tfERS s c w o e ?  z o c z m ,- ^
IIU4
l i t - .

flANANA CULTIVATION 
l« fR  INDUSTRY

• * s  oeK«DRATx:M 4
* ^ ■ ^ 4  .& jc.ABL=a

i(Cn tJl'HUl LING OF JAUN FOR 'S T  i
erxR P*C M G ai6

litV ne t R&WINK D R Y W G C P ^.;> 1 l.^ E 5
1SC8 W LR.ALCOMOt, IMFL 1 ► ^ A O X a H « « V A ,? ^ l 

GWX-NC NLTta?9 BtSENPlvW r
1030 fllSCUIT PLANT 187:. EGGPCVrtJER i
1B31 BREAD 4 BISCUIT PLANT 15.-3. F!SM OANfSJNG h - N  i
183? BO 1TL1NG PLJWT COUNTRY POOC^€S

LIQUOR FROM RECTIFIED 1^4 FiSHO&mWTCM^DRVHG
Sf^RlT 0FF1SH1 i

1033 BRANDY 187a FlSHiCAw
1034, W t̂EAD RUSKS 1376 FISHPROGESSMGiSEAST !
1B3& CANNED FRUITS 4 FREEZING pnocESses-.

VEGETABLfS 1877 FLAVOURSi=ORFOOO
1836. CANNING & PRESERVATION iN D U sm es

OF MEAT 187B. FLOUR M tlkR O LlER )
1B37. CANNING & PRESERVATION 1879. FR0ZO4MEAT

OF VEGETABLES 18KI, F oo ooeK yr«A T ioN (FR U Ts
1SS. C/WNINQ OF MANGO PULP & 4VEGETABLES)

MANGO SLICES 1881 FRtS)&ROASTS) GROUrC
1839, CARBONATED KVERAGS NUT, GRAMS. PEAR ETC
1840. CASHEW FEN! 1082, FRUrr JUtCE MAKWG 4
1M1, CASHEW NUT (DRIED & Rarf̂ KAGWG W PLASTIC

FRIED) CONTAINER
1842. CATTLE WIEEDING 1083- FRUrrjUtCEWTETRAPftCK
1843. CATTLE BF£ED1NG 4  DAIRY (DRINKS)

1 FARM TO PRODUCE MILK 1864. FRUIT JLBCE, SQUASHES
■  1644. CATTLE FEED FROM TAPIOCA SAUCE 4 KETCHUP. JAM.
■ 1845. CHEWING GINGER 4 AMLOKI JEiLYVNEGfRETC.

1846. CHEWING GUM 1885. GARLCFLAKES
1847. CHIUI SAUCE J00S, G««JCPOW06R
1848, CHILLI PO W KR 1887 GHEE4 8»JTTER
1649. CHOCOLATE 1888, GINGER (PULVEWSE0)
1850. CIDER PLANT 1889. G)NGERGLAZ)NG4
1851. COCOA POWDER PRESERVATION
1£i2. COCOA BUTTER & COCOA 1890 (^NGERSTORAGE

POWDER 1891, GlNGB?PROCESSiNG
1853. COCONUT SHELL POWDER 1802 GINGER0IL4GWGER3UST
1BS4. COCONUT WATER 10S3 GINGER POWDER (DRY) 4

’  1855. COCONUT SWEET (WATERY) OLEOfSSIN
1056. COCONUT MILK POWDER 10&4, GRAPE DGHYOflATWN

(DEHYDRATED) 1896. GRAPE CULTfVATtON
1067. COCONUT PRODUCTS 4  BY 1896 GRAPEJUICE

PRODUCTS (INTEGRATED 1897, HONEY PROCESSING 4
PLANT) PftCKAGWG

1858, COLD DRINK 1898. ICE CREAM 4 CE CANDY
1859 CURRY POWDER 1689. ICECUBE
I860 , DAIRY FOR MILK 1900. INVERT SUGAR

R PROCESSlNG(GHffi. BUTTER 1901 i£M.IMIX,DOSAMlXSAP.(BHAR
4 PANEER) MIX VADA MIX.GULAB

laei DAIRY PRODUCTS JAMUN MIX
1862. DAIRY PRODUCTS MILK 1902, INSTAWT COFFEE 4 INSTANT

PACKAGING IN POUCH (GHEE TEA

Above all the Detailed Project Reports are available at "ENGINEERS INDIA
RESEARCH INSTITUTE'. 4449, Nai Sarak (D), Mam Road Delhi ■ 110 “ Of 

•  Ph : 91-11-23918111!, 2391 6431,23840361,31082370 »Fax : 91-11-2391 6431;
• E -M a i l : e iris id i® bol.net.in K



19ta fNSTAKT NOODLES 
ISM INSTANT SOUPS 
IKS. tODiZEO SALT FROM CRUDE 
« S«J
1906. JAM CHUTNEY PICKLES a 

SQUASHES
1907. KATKA MANUFACTURING
1908. L£C(THlN(SOYABASED)
1909 LEMON & ITS PRODUCTS 
t»10. MACARONI

MANUFACTURING 
1911. MACARONI. SFAGHETTI, 

VERMICELLIS NOODLES 
1912 MAIZE 4 ITS BV PRODUCTS 

SWLTING PLANT 
19!3, MANGO P̂ FADfAAM 

R«>f¥.D)
’914, MANGO POWDER RIPE
1915. MANGO POWDER
1916. MW«30FTOCESSINGA 

CANNING {MANGO PULP)
1917. MEAT PROCESSING 

(CHICKEN MUTTON)
19ta MEATPROCESaNG 

(RIFFALO)
1919. MEfm40L BOLD FROM 

VCNTHOLFU«<ES 
1IS0. MIKPOWDER 
1$1. MILK POWDER 4 GHEE 
1922 MILK POWDER, GHEE & 

SPICES

igeS. MILKPf«SeRVATfCW4 
MARKETING TO 
WHOLE SELLERS 

1934. MILK PRESERVATION 4 
MARKETING TO 
WHOLE saLERS(JN 
POUCHES)

1925. MILKTOFFEE
MANUFACTURES 

1SG6, MWERAL WATER 
1927. MINERAL WATER IN 

POUCHES 
1SW. MINI FLOUR MILL ATTAMAIDA, 

SUJI4 WHEAT BRAN 
1SZ9. MITHAyHALWAKSWEETa 

NAMKEEN)
1830. MUTTON R?OCESSING 
1931, PANMASALA(MEETHA,SADA.

ZARDA) MAKING 4 PACKING 
1 ,̂ RAN MASALA AND POUCH 

MAKING 
1933, PANEER (CHEESE)
1334 PAPAD&BARIYAN
1S3S. PIAPADFIANT
1936. PEPStCOLA IN POLYTUBES
1937. PETHA PACKAGING 
193a PICKLES
1339. PIGGERY/MEATflDHICKEN 

PROCESSING
1940. PINEAPPLEJUICEC/WNING
1941. POTATO 4 ONION POWDER

1942 POTATO 4 ONK3N FLAKES—  
19«. POTATO CHIPS 
1944. POTATO GRANULES
1S45 POUCH FILLING FOR SAUNF 

SUPARIILAICHIETC.
1916. PRESERVATION OF RAWS MANGO JUICE 
1947, PROCESSED CHEESE 4 MARINE PDTS.
1948 PULP FROM TARMARINO
1949 READYMATE PROCESSED FOOD
1960 RICE 4 CORN FLAKES 
1951- RICE BASMATI (TRADING) 
1952 RICE POLISHING 4 

FWCKAGING IN POUCH 
1963. ROASTED«ALTED«MASALA/ 

CASHEW NUTS ALMONDS 4 
PEANUT 

1S64, ROaER FLOUR MILL
tNFOTECH/IT PROJECTS

1955. MEDICAL TRANSCRIPTION1956. E-COMMERCE
1957. CYBERCAFE
1958. INTERNET SERVICE 

PROVIDER (ISP)
1S69. COMPUTER EDUCATION 

CENTRE
1960. PORTAL (WEBSITE DESIGN)
1961. CALLCENTRE

TERMS AND CONDITIONS
FOR INDIA
1. Please ask for Quotations 
of Each M a rk e t S u rv e y  C um  
D e ta ile d  T e c h n o  E c o n o m ic  
F e a s ib iiity  R e p o rt. Payable in 
advance through Draft/M.O./Cash 
in favour of ‘ENGINEERS INDIA 
RESEARCH INSTITUTE’, faelhl. 
Delivery by Regd.post w ithin  
2 Days. (Postage Free)

Ask for the Hi-Tech Projects 
Monthly m agazine. Each 
Magazine covers many Project 
Profiles for selection of Industry.

FOR OVERSEAS
1. Please ask for Quotations 
in US $ of Each Marftef S u rvey  
Cum  D eta iied  Techno E co n om ic  
F e a s ib i ii ty  R e p o rt. Payable in 
advance through Draft/M.O./Cash 
in favour of 'ENGINEERS INDIA 
RESEARCH INSTITUTE’, Delh.. 
(Payable in India) Delivery by 
Regd.post within 4 Days.

2. Ask for the Hi-Tech Projects 
Monthly magazine. Each 
Magazine covers many Project 
Profiles for selection of Industry.

«NOIN«RS INDIfl ReSCflRCH INSTiTUT*
Fax. 91-11-23916431 E-M ail: eirisidi@bol.net.in 

Website:www.startindustry.com
Also a t : 4/27, R°op Nagar, Near Roop Nagar No. 1 School, 

___________Delhi -110 007 (India) Ph:. 23840361

mailto:eirisidi@bol.net.in
http://www.startindustry.com


m r  PUBLISHED-NEW SOCK
TECHHOLOGY OF BCIL2»G m U S B S S  

A W  CHEMICALS W T T S P R O C E S m
< As>"lp»tbr#v
I'ti.iittt*. Ug(.i -cue 3*w. -t w
Limt Brtcta, HVC Ffjn Ptfcwi* Cw* >sb  tjcw-.
SiiivAfiiUiictui Bloatk»VKi[aM.r>&i«gm>p-uJcrta«fta».// Ŝta:̂  
Titfik*,fitifeaiartf»n)Ow:t6.«MdyMbi*3CQfKSe!a.'nm6w3,jMj« Z'̂ - 

Bitck*. Rcintonwd Fi)«th BnctoworK GIm ^
&Vpaum PlMi«r BoaKis. PrKast SoM Cwnvn Cmatb 
Cwtctbte Stone Muonry Blocks. Hoiwn or 3i 
Mfliunfy Units, RwnforcflOConcrtte Ooof indVmam Fi 
Ooai Stiuner*. Prscut CorcrM Manhc4e Csvarsand Tamm  QmmM.oi 
Machinerwi, M*r.ufactufif>fl oi MoutcTilH, Mini CameriiP  ̂ «jur?»»
CiifTwni, AutCMTi»Uc B'Wk Pl*nl. Gt«*c}C«fafra:'̂  
s.ippN*ta of Plan! Bfxi W«hinery, Suiw«er5Ĉ  Rm

M A N U F A C T U R E  O F  H O U S E H O LD  
S O A P S , T O IL E T  S O A P S  &  O T H E R  

S O A P S  W IT H  F O R M U L A T IO N S
The book cows details to setup own Soap lndu«ry/Unrt The tww ec««on ol it» 
lx>OK IS covering latest tecf̂ nob̂  Including Deiaiis of Soap t»se manulsciure. 
Solid housel>old &nd todel soaps manjiacture. Raw matenala lor soap industry, 
CHfs. tats ard ihstr pretreatmen!. Manutacturs, punttcalion of fair/ acid and 
production of soap base. Recovery and reiinmg o» glycerine. Perfuming o» soaps 
and detergents. Testing of soaps and deterg»nt$, Mamrfacturmfl process and 
formulauons of v̂ ious soaps, Miscellaneous tormuiae, Scourig bar, Detergent 
cake & powder. Toilet & rwrbal soap, Laundry soap, bquW soap, Nerol iaur>dry 
soap, bquid shoe pdish puff, Soap stor>e powder from raw soap stone. Comptete 
plant Supp«srs, Suppliers o( fragrarwes. tiavours, perfumes fix soaps, Suwjfera 
of soaps manufacturing chemicals. Present manufacturers etc.

I w  .1 T

M f T  ^  ^  5«s<^ 'n  ( H |
Ji? vt?t ^  t̂̂ n BBntra ^  l l  jww
3̂1̂  ^  ^  ^ ? * .3"^ *TO gffw t- Hg gv wfafiN V 9=6 m4eai

TTrara ^
?=n̂  ^  wj=i. ?TOT ^  »
5ihrr=y, ^ t w i  ^  Trai, anrgw g ftfSwiFi, toI* ^

3il(?lin iv^, ^  Wt-W?R IWlffel r t
CTinri??ni1, vftR 'fRft *n twi 'fran, W  <rfR ftw . H
5 am Tifrr.
fevjr-Hflij  "n » ie  3ot>t. w " .
Wfl uTfh, gnfim b afw »ira * iFirt »
TOW ^  w>ft vTdf  ̂j#t «T5 s R r i  (ifriK  5rtwwa)«  »f< I  w f t ^  
§ # 3TTa ̂  * aĝ TR T i l '

HAND BOOK OF OHS, FATS & 
DERIVATIVES WITH REFINING,
&  PACKAGING TECHNOLOGY i“

Oil Bearing Materials Derivated, Oilseeds carrying Soap making Oils,
Oilseeds from Shrubs. Vegetable Oils, Oiiseeds from Fruits. OilsT'als 
Extraction. Fats and Oil Refining. Hydrogenation, Packaging. Fatty 
Acids, Glycerine, Fat Splitting, Protein Meals. Oleochemcals. Cocmut 
Oils. Ghani Oils, Groundnut Oil, Plant Economics and Suppliers 
Addresses of Machinery etc.

CNQiNCCRS iNDifl RCSfflRCH iNSTiTUTC Mobile :98ii43789s
N l f L r . I ' S i  3  S lh ? T lO  OW P t l^ »  : 91-11- 23918117. 2391M31.2364036^



ilUST PUBLISHED-NEW BOOKS
H AND BO O K  O F  STA T IO N E R Y , 

PA PE R  C ONVERTING  & PA C K A G IN G  
IN D U S T R IE S

The Book covers Ammonia Paper, Artist Colour, Ball 
Pen Pen and Refill, Carbon Paper. Bopp Adhesive 
Computer Stationery, Corrugated Box, Duplicatinci 
Paper, Exercise Note Book and Register, Lead Pencil 
Fountain Pen, Office Paste, Paper Bags, Polythene 
Bags, Eraser, Sealing Wax, Tracing Paper Wax 
Crayon, Xerox Paper, Sticker Making, Screen Ptg. etc.

RUBBER CHEMICALS 
AND PROCESSING 

INDUSTRIES
The book covers Technology of Rubber 

Chemicals and Manufacturing of Rubber 
Products/Goods.Various Project Profiles are 
given. Suppliers of Raw Materials and Machinery 
are also provided plus much more other details 
are provided.

M OULDS D E S IG N  
a n d  p r o c e s s i n g  

H AN D B O O K
Classffication of Moulds, Vent in The Mould 

IniSton Schedule of Plastic
sSPnn i  Trouble

of Plastics, Injection Mould 
cS h™ Mould - Pot

HAND BOOK OF H O SE R Y  READY MADE 
GARMENTS &  TEXTILE PROJECTS W ITH  
DIRECTORY OF TEXTILE MACHINERIES

power
loom, readymade garments, socks, cotton yarn 

S complet°e S ne?y



JUST PUBLISHED-NEW BOOKS
__rciicm
u i i . .

^ TtCBWL 
WilBtEOBHQKftT

PHARMACEUTICALS AND DRUGS 
TECHNOLOGY WITH FORMUUTIONS

By:EIRIBOARDOF
CONSULTANTSS,ENGIN£ERS

Tablet and Capsules. Oral Preparations, External 
Preparations, Preparations tor the Eye, Antibiotics 
Formulations, Packaging, Tablets, inlectabies. 
Liquid Orals, Capsules and Dry Syrups, Eye and Ear
Preparations,Topical Preparations %

M M  PROCESSING &  DAIRY 
PRODUCTS INDUSTRIES

The Book has just published and covers following Conients : Known 
Indian Mill< Products, Cheese. Butter, Yoghun. Evaporated and 
Condensed Milks, DrioJ Milk/Milk Powder, Ice-Cream, Some Dried 
Dairy Products, Market Dahi and Pure Culture Dahi, Packaging of Milk,
Packaging of Milk and Milk Products In India, Packaging Trends tor 
Cheese and other Dary Products. Milk-Bas^ Soft Drink With Longer 
Shelf-Ljfe, Fermented Milk Products-Ravour and Bk>-te<*nolgoy,
Losses and their Possible Management In Dairy Industry, Cultured Milk 
Products in Human Nutrition, Freeze-Dried Starter Cultures In 
Fermented Dairy Products Manufacture. Dairy Products. PnJducts 
Diversification In Dairy industry. Coffee Complete, Paneer. Cheese 
from Buffalo Milk, Whey Protein Concentrate. ProducBon of Yoghurt. Tea Compleie. Casein from MHk. 
Dairy Farm. Flavoured Milk. Dairy Farm to Produce Milk, Ice Cream & ice-Candy, Processed Cheese, 
Milk PoMnjer & Ghee, Soya Milk and Paneer, Lactose and By Products Processing from Milk, 
Condensed MHk (Sweetened). Butter Milk. Toned Milk, Dairy Products and Milk Packaging In Pouches, 
Soya Milk and Tofu, Details of Machineries Used >n Dairy Farms and Products, Suppliers of Plant ar>d 
Machineries.

H M D  B O O K  O F  A D H E S IV E S  
W IT H  T H E IR  F O R M U LA E S

The Book covers Adhesive Concepl and Terminology, Selecting 
an Adhesive, Hot Mell Adhesive. Pressure Sensilive Adhastve, 
Water Based Adhesive, Testing of Adhesives. Adhesive 
Materials. Formulations and Applications. EVA Emulsion 
Adhesives. Rubber Based Adhesives, Butyl and Poly Iso 
Butylene Rubber Adhesives. Nilnle Rubber Adhesives. SBR 
Adhesives. Thermoplastic Rubber Based Adhesives, 
Polychloroprene Adhesives, Polysulphide Sealants and 
Adhesives, Epoxy Resin Adhesives, Polyurethane Adhesives, 
Acrylic Adhesives, Cyanoacrylate Adhesives, Anaerobic 

—  Adhesives, Polyamide Adhesives. Natural Resin Based
Adhesives. Dextrin Based Adhesives. Casein Glue. Soyabean Adhesives. Animal Glue. RcMin 
Adhesives. OtherVarious Adhesives. Pressure Sen.Tapes and Ubels. Test Methods, buppiiersnvii itJBivBs, uiner various Aonesives 
of Machinery and Raw Materials etc.
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JUST PUBLISHED-NEW BOOKS
T f CHNOAQGY, op 
S'.NTHETICOYES.

PtQAlENTSfi
INTERMEDIATES,

TECHNOLOGY OF SYNTHETIC DYES 
PIGMENTS & INTERMEDIATES

By : Eim BOARD OF 
CONSULTANTS i  ENGINEEBS

Dyes , Aza Dyes. Azoic Dye, Acid Dyes, Basic Dyes, Disperse 
Dyes, Vat Dyes, Anttirimides S Carbazoies, Vat Dyes & Vat 
Pastes, indigoid and Thioindigoid Dyes, Indigosol, Fluorination 
of Dyes, Sulphur Dyes, Reactive Dyes, intermediates for Dyes 
and Pigments, Fluorescent Brigiilners and Optical Vl/hltening 
Agents, Classification of Pigments and Extendres, Inorganic 
Pigments, Azo Pigments, Azoic Dyes, Acid Dyes, Basic Dyes 
Disperse Dyes, Vat Dyes, Anthrimldes and Carbazoies Vai 

^ e s  S VatPsstes, Indigoid and Thioindigoid Dyes, indigosol, Fluorination of Dyes, Suiphur Dyes 
Reactive Dyes, Intermediates for Dyes and Pigments, Ruorescent Brightners and Optical 
Whitening Agents, inoiganic Pigments, Azo Pigments, Phthalocyanlnes, Fluorescent Plaments 
Qu|,ty Control and Evaluation of Pigments, Pigments for Textiles, Pigments frpa lm s Plgrents

r r r " p ,:r E = ^ ^ ^

PRESERVATION & CANNING 
OF FRUITS AND VEGETABLES

By: EIRI BOARD OF 
CONSULTAt^S & ENGINEERS'

PRODUCT INTRODUCTION. FOOD COLOURS Fonn 
BROMI-NATEO VEGETABLE OIL ’(B VO) 

o™ itI C A N N I N G  AND BOmiNG 
VEGETABLES

DRYING/ DEHYDRATIONIAND CONCENTRATinw 
REEZING OF FRUITS AND VEGETABI FQ  f d i i i t

p fc K l? s " ? A u S c r P S ^ T c Z ^ ^ ^ ^

SYRUPS AND beverages S i b  FUVOURS,
PRESERVATION OF FRUITS ® COMMONLY USED IN
SCIENCE AND TECHNOLOGY DISTOIBUTlSL^Sxat
VEGETABLES, PACK HOUSE AND COLD STORAf-C MlM^ '"f’ ^ITS AND
GUAVA JUICE AND OTHER FRUIT PRODUCTS ’’ 'J'-P'J'JICE, PAPAYA PULP
VEGETABLES, DEHYDRATED VEGETABLES OnS b^  AND
AND OTHER VEGETABLES POTATO M P S  S e n  ' LEAVES
OTHER PASTE AND CONbSjTRATES MAt^  ̂ 'PUREE,
EQUIPMENTS & MACHINERIES MANUWCTm^^^^^^  ̂ ‘ SUPPLIERS OF PUNT,
materials , MANUFACTURERS/SUPPLIERS OF RAW MATERWLS



JUST PUBLISHED-NEW BOOKS
HAND BOOK OF

CONFECTIONERY
WITH FORMULATIONS

HAND BOOK OF CONFECTIONERY 
WITH FORMULATIONS

The book is covering Confectionery Processes & 
formulations, Caramels Toffees, Butterscotcli Fudge. 
Chocolates, Supari, Nougat, Soft Nougat. Milk Toffee! 
Chocolate & Confectionery Spreads Chocolates Synjps 
Multiple Confectionery Bars, Project Profiles, Details of 
Plant & Machinery,Addresses of Suppliers of Machinery, 
Raw Materials & Packaging Materials etc. Actual 
photographs of Plant and Machineries used to manufacture 
Confectionery items.

HAND BOOK OF BAKERY INDUSTRIES
Book covers Bakery Raw Materials. Bread Making 
Processes, Biscuits, Cookies & Crackers, Sponge 
Cakes, Pies & Puff Pastries. Sweet Yeast Dough 
Products, Bakery Machinery, Confectionery. Process, 
Packaging for Biscuits, Project Profile of Bakery, 
Cofectionery, Bubble Gum Plant etc., Manufacturers & 
Suppliers of Plant & Machineries, Manufacturers & 
Suppliers of Raw Materials and many other relevant 
details fornew comers in this field.

P^STtCCOMPOUNDiNC, 
lUSTERBATCHES,!^ 
AND OTHER PUSTIC

PLASTIC COMPOUNDING 
MASTERBATCHES, PET AND 

OTHER PLASTIC PROCESSING 
INDUSTRIES

The book covers a lm ost all th e  ta s k : and advanced deta ils to  setup 
ow n P lastic P rocessing Industry. The new e d ifc n  o f the book is 
covering la test technology including Polyethytene, Exlrusran, 
In jection M ould ing, Biowm ouldtng. P o lyes te rT e re j^ tha la te  (PET), 
R ota tional M ould ing, Post Extruston P rocess, Vacuum  Metallizing, 
Id en tifica tio n  o f P lastic  M ate ria ls . The rm osetting  Plastics, 
R e cyc lin g . A d d it iv e s  fo r P o lym e rs , V irg in  Q u a lity  from  
R eprocessed, Specia lty Additives and Masterbatches, PVC 

C om pounding w ith Form ulations. Au tom obile  In jection M oulded P lastic C om ponents, Cok>or M aster 
Batch for various P lastics, C om pact D isks, C o-E xtruded M ultilayer F ilm  and U m in a te d  M ultilayer Fitm, 
Egg Trays from  P lastics, E thylene V inyl Ace ta te  Sheet and Sole, Polypropylene Muttifilsunanl Spinning 
V^rn, P lastic  F ilm s and Shee ts  w ith  Printing, P lastic G ranules from  Fresh Resin, P lastic In jectkxi 
M ou ld ing  P roducts. P lastic M ats, PE T Bottles from  Pre-form , P E TP re*fom i from  PE T Resin, PVC P.pes 
and F ittings. PVC Ejctrusion Profiles, C om pu te r R ibbon C artridges, H D PE/PP W oven Sacks (Bags). 
Sem i-C onductive C om pounds and M a s te ita tch e s . P lastic Sutli, D isposable P lastic Syringes, Plastic 
W ate r S torage Tanks. The rm ocole B ased D isposab le G lass, C ups and Plates. Plastic GranulesCross 
L inked Po lyethylene (XLPE) C om pound fo r XLP E  Cables, Supp lie rs of Plant, Equipm ents & 
M ach ineries, S upp lie rs o f Raw M ate ria ls etc.

CNGiNCCRS INDifl RCSCdRCH INSTiTClTC M o b ile : 9811437895 *:
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