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Preface

Thebook Technology of Rubberand Rubber Goods Industnes covers-
almost all the basic and advanced details to setup own Rubber Goods
Industries. The new edition ofthe 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 of Wastes from Rubbers and Plastics: Useful information: Qiiality
Control in Rubber Industry: Suppliers of Plantand Equipment; Suppliers of
Raw Materials.

The book has been written for the benefitand to prove an assetand a
handy reference guide in the hands ofnew entrepreneurs and well established
industrialists.

Director

ENGINEERS iNDifl RESEAFICH INSTITUTE
Nai Sarak, New Delhi (INDIA)

E-Mail; 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 rubberto 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

| |
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 120t 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 (qg.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. Airdried sheet (pale amber unsmoked sheet)
ii. Anti-crystalline rubber
il Cyclised rubber masterbatch
iv. Heaveaplus MG Rubber
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. Atthe 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 infact 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 dirt, 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 importantthen 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 SWR

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 Ibs and iswrapped 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 correctamount 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 meetthe demands of
alarge 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 of general purpose rubber

Dirt content on 44 aperture 0.10
(max. % wrt.)

Ash(max%wt.) 0.75
Nitrogen (max %wt.) 0.60

Volatile matter (max. % wt.) 0.80



P.R.l.(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 -
Bulking Pre-cleaning and

size reduction i
: i
Coagulation

4 i 4
Creeping Creeping Creeping
i ;
Size reduction Size reduction Size reduction
i | i
Drying Drying Drying

i
Chenriicals  fc™
Blending on
pre-breaker
|
Packing



G
Viscosity OFS SMS CV/LV

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

below.

CV50
Cv 60
CVv70
LV50

Cure Testing

Mooney viscosity
ML1+, 100°C
45-55
55-65
65-75
45-55

The basis of cure testing has been a single point test using MOD
cureindicator system. The test determines the relaxed modulus at 100/0
.extension using ACS | maix. The rubbers are then classified as MOD 5,

mod 6 and MOD 7.

Formulation of ACS | mix is as follow:

Ingredients
Rubber
Zinc oxide
Steric acid
Sulphur
MBT

Parts by Wt.
100.0
6.0
0.5
35
0.5

Cured for 40 min at 140°C.

MOD categories and modulus ranges

Category MR 100 range
(kgflcm?)

MODS 4.5-5.49

MOD 6 5.5-6.49

MOD 7 6.6-7.49

Typical classification
for SMR grades

Viscosity stabilised rubbers.

Viscosity stabilised 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
i. Restriction of types and quality of raw materials which are allowed in
producing the various grades
ii. 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
i. Reduction involatile matter and nitrogen limits for ail 5 SMR grades.

Cure testing is carried outwith 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 offresh 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-tarecover 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
CcV76 65-75
LV50 45-55

Cure Testing

the oasis O cure ic5iHy licjo UWWIL w ... —
cureindicator system. The test determines tiie relaxed modulus at 100%
.extension using ACS | maix. Ttie rubbers are then classified as MOD 5
MOD 6 and MOD 7.

Formulation of ACS | mix is as follow:

Ingredients Parts by Wt.
Rubber 100.0
Zinc oxide 6.0
Steric acid 0.5
Sulphur 35
MBT 0.5

Cured for 40 min at140°C-

MOD categories and modulus ranges

Category MR 100range Typical classification
(kgficm®) for SIVIRgrades

MOD 5 4.5-5.49 Viscosity stabilised rubbers.

MOD6 5.5-6.49 Viscosity stabilised 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/lcm”™ = 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
ii. 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
i. Reduction involatile 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..from
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
processing brown creep, the master batch is in the form of undried crumb
containing 80% vulcanised patrticles.

Hevea Graft Polymer
These are made by polymensing vinyl monomers in latex under suitable
skilled hS/3-plus family includes both, the true graft polymers
“nH S ure of already polymerised monomer vAith rubber by mutual
and A ethacrvlate is generally used as the modifying polymer
orarato orhelaMAann from latex, preferred initiator for graft
IL S 's hydroperoxide. The rubber chain
co S n”a methylenic hydrogen which is liable and acts as a transfer agent
for hTteMation of the growing polymethyl methaciylate chain, with the
for~io”of 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-

A

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 diluted 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 vifith 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
ISthat 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 atthe 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 Ibs. to 250 Ibs. 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 orformic 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 atemperature 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 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. Itis then macerated with water ina
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. Itis

viscosity stabilised and requires no premastication. Itis similar to SMR except
for the oil
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Deproteinised Natural rgan-ting jtwith an enzyme that
DPNR is prepared bydilutii DPNR's properties of low
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for use in engineering components.

before coagulation or to the dry rubber itself-

"""'s d L isthe

["bbe”l'Sns'aN gher proportion of non-rubbers, especially of proteins,
than the average grades and fast-curing,
SuperiorProcessing Rubbers (SP)

These are made by blending normal latex and prevulcanised latex before
coagulation, and drying by conventional methods.
bv adding a curative dispersion containing sulphur, zinc oxide and accelerator
ton atS rte r latexand 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.

properties of raw natural rubber

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 Latex, % Dry rubber, %
Rubber hydrocarbon 36.0 9?;27
Protein 14 22
Carbohydrates 16 o

ipi 1.0
Neutral lipids 1o
Glycotipids + phospholipids 0.6 o
Inorganic constituents 0.5 0.1
Others 0.4 .
Water 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 A
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 gr”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
solubMmore than 95%) in common solvents -ch - °~* »d
tetrahydrofuran. It has a chemical structure of almost I00/0 1
polyisoprene units.
Storage Hardening

The Mooney viscosity (V,) of freshly prepared rubber ranps 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-

5years of storage at ambient temperature.

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

Property

Latex stability

Colour

Cure

Storage hardening
Crystallisation

Creep and stress relaxation
Modulus

Filter effect

Heal build-up

Tear strength

Dynamic crack growth

Ge/ Confenf

Influence of non-rubbers

Carbohydrates act as substrates for bacterial
growth—lead to increased volatile acid formation and
lower stability.

Yellow—caused by B-carotenes.

Dark-enzymic reaction of polyphenol oxidase.
Phospholipids and some proteins are natural
accelerators; fatly acids are activators.

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

Unstrained crystallisation rate increased by stearic
acid, some water-soluble substances retard rate.
High contents of proteins and ash lead to moisture
absorption, which results in high creep and stress
relaxation in vulcanisates.

Increased by proteins.

Proteins act as fillers. One part of protein is equivalent
to 3 parts of HAF black.

Heat build-up in Ihe Goodrich flexometer test Is
decreased by fatty acids and increased by proteins.
Increased by proteins.

Resistance increased by proteins.

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
‘he solvent used, being lower in

good solvents. Itis 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 I-1.Sx 10 and a number average of 3-5 * 10R
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 Mwx 106 from GPC Mn* 105from gpc
RSS 1 1.00-2.3 2.3-45
SMR 5 0.95-2.7 22-5B
SMRCV 0.80-2.0 1.8-3,7
SMR 20 0.92-2.2 2.1-4.0

0.08 " L. RSS 1

—-SMRCV
SMR 20 o
0.04 -
10 10°

Moleculai weight
Fig. 1: IMolOcular-weight distribution curves for commercial grades of natural

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— -
Themeiting pointdependsonth O'» estimated for unstretched rubber

melting temperature of rubber this is different from storage
Crystallisation leadstoastffe g Natural-rubber samples
hardening and ,s ravers | e n

stored in warehouses A an’yj

zZzmunded cTstallisation can be inhibited by isomerising 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
ii. 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 AlIS
Conventional 2.0-3.5 12-0.4 0.1-0,6
Semi-py 1,0-17 2.5-1.2 0,7-25
EV 0.4-0 8 50-2,0 25-1 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

Conventional ~ Semi-EV EV

Vulcanisate structure

20
Poly- and disulphidic cross-links, % 95 gg 80
Monosutphidic cross-links, % 5 Medi Low
Low-temperature crystaltisaton High edium
resistance " :

High
Heat-ageing resistance Low ng:ﬁz High
Reversion resistance Low 20 10
Compression set, 22 hrs at 70'C, % 30

Fig. 2.2 Network structure of natural rubber vulcanised v«ith sulphur

Soluble EV and semi-EV systems use zinc 2-®*VIhexanoate rath”
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
LshphysLralcreepand lowresilience. They”

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
pTbem 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, itis generally found that latex-grade rubbers such as RSS 1and 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).

]
90
s Viscosity ofraw rubber
3 V,scosi.y ,ML U4 a, 100X) of .read masterbatch as a function of raw
rubber viscosity



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-rubbercompounds 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 gue 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

Natural-rubber 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 aswell 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 hjs noyibeeB43tt>elJHaplaced byjjglvurethane in
form for upholsteryand,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 mo these properties, and probably because of them, rubber shows

Also rubber is relatively inert to the deteriorating effects of the
atmosp e-e and of many chemicals. Hence, it has a relatively long, useful
S e r awide 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.

Avery 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. Itcan 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 iSclearly
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.

. Changes in standards of living.

ii. Changes in patterns of transportation.

ii. Changes in the design of automotive equipment.



iv. Changes in tyre design and the use of rubber in other automotive
applications.

v Ctianges in non-automotive uses for rubtier
vi. Changes in raw material supplies.

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

THE PUACE OF RUBBER INTHE 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 Iwas a major factor in winning the war. Itwas 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
broughtthere 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.
ii.

Vulcanising or curing systems to give the potential properties needed.

Modifying materials which give required physical properties and ageing
resistance.

Compounds must be able to process properly depending on
processing equipment.

VvV 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
oroofSng and allied products. These were made by heating rubber ,n the
sulphur and led the way to our present day compounding, =
I, Naturalnjbber

Q

Sulphur

Total

This compound developed a tensile strength of 3,200 Ibs. 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 firstwidely 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 sulphurto improve ageing.

ii. Shorter curing cycle
ill. Reduced tendency to bin-cure (scorch)
Improved physical properties invulcanised compounds.

During the period x)f investigation and rubber compounding research
that produced MBT, itwas 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 ' n
Sulphur 3
Stearic acid "
MBT |
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.
V. Natural rubber 100
Zinc oxide ®

Sulphur

>

Stearic acid n
MBT
Antioxidant n

Total m

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
mprocessing 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; Flow of materials from forests, plantation and mines, etc., to tyres
belts, girdles, golf 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
design 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.

Rubber Manufacture M aterial Production

RESEARCH ¢
" i
| PRODUCT DEV. — "lPILOT PLANT 1
P
i
U i.
DESIGN-CONST. u 1PRODUCTION 1
" 1
D .
MATERIALS CONTROL |- — jpROD. CONTROL 1
N
TESTING h femmemeeeeee 6 SALES

1PROCESSING AND MANUFACTURE”"

| FIELD USE OF RUBBER PRODUCTS |

Fig. 5: Flow diagram showing the role of compounder in factory



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 temperature flexibility
iv. Viscoelasticity
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
ii. Heat build-up
iv. Surface stresses
V  Shape factor
Vi. Protective coatings
Vii. Surface treatments
vi.  Surface finish
ix. Type of deformation
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

laboratory to factory

The best ofthe preliminary recipes, as judged by laboratory evaluation
are then subjected to factory trials, which show how the compound wofe 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 nextd » 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 sLning offibres, 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
cross-sec" 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
M. Molecularweight of polymer
vii. The ratio of MMM,
viii. Long chain branching
ix. Type of die
X Presence offillersinthep o ly m e rs .
|USE analysis! PROCESSING ANALYSIS

Fig. 6: Flow diagram showing the steps Involved In formulating recipe by a
compounder

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-

l. 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 istaken 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 ™ crornolec”
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.



formation OF GRAFT POLYMER
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
DolvLrs Copolymers of natural rubber are prepared a"*
Lhnlques applicable to wholly ~y~*~etic copolymers and th ~ P*
can be duplicated by the characteristics of an appropnate synthetic rubber.
Styrene and methyl methacrylate are the monomers niost“ fTimoity
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 lons such as
Cr*+, V=+, 06"+, I"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.
Procedure
Effectof 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 thatare competitive to grafting probably take place



in solution, i.e., homopolymerisation is much .faster than grafting at higher
monimerconcentration.

EffectofInitiator Concentration

The rate of grafting was Investigated by varying the concentration of the

Initiators l.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.
Effectof 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 resultindicates thatwith 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 of 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

M Contribution of the solvent radical Inthe activation of natural rubber

V Termination of the gcaft chain radical

and the natural rubber
m macrOradical via chain transfer.

While the first four factors favour grafting by simplifying access and
diffusion of the monomer, the lastfactor 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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CH,
Cc,n.pl,
(NR)
Initiation

K,
NR- + M -» NRM-
Propagation

NRM-+M  NRM,-

K,
NRM”, +M  NRM;

Termination

K,
NRM-, + Me™ -> NRM+

K.
NR- + Me"™ -+ Oxidation products + Me"-"*

Applying steady state conditions to tlie concentrations of [NR*] and
[NRM,*1, ttie overail rate of polymerisation was derived as-

KkniNR

Tfie above rate expression was verified by plotting R*versus [Mf and R*
versus 1/[Me"*] whicii were linear.



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.
Originally an inhabitant or native of Brazil in South Amenca, itis 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 ayear 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, butthe 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
adepth just short of cambium layer The cutis 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
Avery 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 flw 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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Applying steady state conditions to the concentrations of [NR*] and
[NRM *1, tlie overall rate of polymerisation was derived as-
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The above rate expression w/as verified by plotting R*versus [M]' and R*
versus 1/[Me"]which were linear



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.
Orlginally an inhabitant or native of Brazil in South America, itis 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 Inthe 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, butthe 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
adepth just short of cambium layer The cutis 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
atregular intervals by reopening the cut down the tree. Many variations have
been used Inthe size and shape of the cuts and in the frequency of tapping”®
Avery common method is to tap each tree halfway round the circumference
every other day

immediately after tapping, the latex flows rapidly, then d”line 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. Itis
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 roxy am,ne ammonia
~used 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 collecln (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 cutto 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:



Constituents

Dry rubber content
% minimum
Non-rubber solids.
% maximum
Ammonia, % water
content

Total solids, % min.

HA

60.0
2.0

1-6
(min.)

Non-rubber sokids, % max.

Ammonia, % water content

KOH (moles/kg water)

Centrifuged
LA
60.0
20

08
(max.)

Evaporated
HA

615
05.5
1.5 (min.)

Type of latex

XA

60.0
2.0

<0.3

KHS

72.0
08.0

0.5 (min.)

Creamed
LA

64.0 64,0
2.0 2.0
16 10

(min.) (max.)

KLS

67.0
07.5

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

. Vulcanising agents

. Antioxidants

. Fillers

b
c
d. Vulcanising accelerators
e
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



Iinhur or sulDhur donors like fetramethyl thiuram disulphide. The latter confers
"nhanced"? 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 phenoFsandsI*naM ~ols.
Wax is included in latex formulation to serve as antiozonant.

Main types of fillers used in latex technology are the ®09,
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 gelling.agfintis sodium sillicofluoride. A common
heat sensitiser is polyvinyl methyl ether.

m” facturing techniques of rubber goods from latex

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.

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.

Fillers

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

Paraffin wax - It is incorporated in concentration above 2%.

Stearic acid - Upto 10% may be used in proofings, the addition of
stearic acid is essential when MBT is the sole accelerator present.

Addition of fillers to latex confers the following advantages-

a.
b.
c.

Reduces the cost
Increase the viscosity of the compound

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.ajligmenland does not confer any
reinforcing action.

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

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
grades 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.

i. 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 tI"
following methods:

Addition of stabilisers
Reduction of ammonia content

- Addition of fixed alkali such as sodium or potassium hydroxid
Accelerators
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
fA K t« at 1CJ0°Cin air. The cure is flat.

. b Zinc salt of mercaptozobenzothiazole_£!7 by itself is slow
accelerator under the conditions inwhich latex is cured. Itisn~nly
usedjn cpmbinatBri with_£DC giving vulcanisate of higher modulus
and iMd bearing capacity,

c

Tetramethyl thiuram disulphide (TMT) is a good accelerator of
satisfactory cure. Rubber from a latex mix containing 0.5/0 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

Itis 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, 1A on dry
rubber content.

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

Styrenated phenol is non-staining antioxidant and recommended for
white or light coloured articles. It offers avery 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 ofthe balls vanes from 1.2-
1.5to 2.5 cm. A variation uses flint gravel.



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” Itte r inthe paste should be suoh as to render the contents
rufficlLtly fluid to tumble as the mill rotates. The rate of gnndmg ,n the mill
fsnated 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”™

Ofthe 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

10m 4 93
15 6 76
20 8 66
25 10 59
30 2 53
38 15 46
46 18 44
53 21 41

61 24 38



preparation ofAqueous 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 4
Distilled water *
Ball mill 48 hrs,
ii. Zinc diethyl dithiocarbamate (50% dispersion)
7DC 100
Dispersing agent 2
Distilled water
Ball mill 24 hrs.
iii. Zinc oxide (40% dispersion)
Zinc oxide 100
Dispersing agent 3
Distilled water el
Bill mill 24 hrs.
Antioxidant (20% dispersion)
China clay 50
General purpose heat resistant antioxidant 50

(Acetone-diphenylamine condensate)

Dispersing agent

Distilled water 147
Ball mill 24 hrs.

Alternate to ball milling, colloid mill may be used for the dispersion of
solid materials. The machine consists essentially of two circular plates_ one
ofwhich 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 ofLiquid Compounding Ingredients

mpara which 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

nllllirchLgVA~imple equipment forthepreparation of emulsion consists

negative Charge.«  jl 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 orresin acid) isdissolved mthe
liquid to be emulsified. Often the techniqueis 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 n

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 arWthe emulsion is improved by passing through a homogeniser

i. 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 25
KOH 2.5
Cone, ammonia soln. 25

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 ofwhich 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 25
50% Sulphur dispersion 0.5 1.0
50% Antioxidant dispersion 10 2.0
50% ZDC dispersion 0.5 1
50% Zinc oxide dispersion 10 20

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.



Parts by Wt
Ingredients

60% Centrifuged latex 167.0
20% Stabilising solution AR
(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"in 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 124
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, solventis 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 Wit.
60% Centrifuged latex "67-0
20% Stabilising solution 60

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.

60% N.R. latex 167.0
Thickening agent 10
50% Sulphur dispersion 15
50% ZDC dispersion 5
40% zinc oxide dispersion 2.0
20% Ketone amine antioxidant 25
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. Plasterof Paris

i. 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.

Moulding 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 ofthe mbber deposit, afterwhich itisopened 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.



Parts by Wt.

Ingredients

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, vi*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 of 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. Itis 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 ifthe 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. Itis 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

i. 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. 125 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 n150 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 - Thesejatices posses superior flame
chemical and ageing resistance. A typical formulation based on Neopren
601A is given below:



Ingredients Parts

Neoprene 601A
40% Petrolatum emulsion
Stabiliser
50% Sulphur dispersion
50% ZDC dispersion 2.0
Foam and then add -
Secondary agents
50% Zinc oxide dispersion
200%-Sodium silicofluoride disperssion
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 ofthe Latex Compound
Following is typical recip:

Ingredients

60% NR latex, deammoniated
10% Potasium hydroxide solution
20% Potassium oleate solution
50% Sulphur dispersion

50% ZDC dispersion

by Wt. (dry)

100.0
3.0
2.0
2.0

2.0
7.5
2.0

Parts by Wt.

167.0
35
5.0
2.0
20



40% zinc oxide dispersion

50% Styrenated phenol emulsion ne
. As required

Colouring matter

The ammonia content of the ammonia presensed 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 as;
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
aming or non-gel.
The essential requirements of high density foamed carpet backin
include:
i Limits for wt. g/m®



Il.  Density

ii. 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 alky| methylene 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



"N to minimise filler settling out of suspension and to control

penetration into tufts. Polyacrylates, celiutostics, etc.
e ne based or thindered phenoi. typ.i. N. dicyclohexy,
phenylene diamine designated for heat protection and not light.
Gel Stabilisers

Sodium silicoftuoride (NSR) or ammonium 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

Parts by mass (dry basis;

Ingredients Lick coating  Forth coatinc
Carbdxyilc SBR latex (50-60% styrene) 100.00

CartDOxylic SBR latex (60-70% styrene) 100.00
Sodium lauryl sGlphate 0.75
Sodium hexametaphosphate 0.50 0.50
Defoamer 050

Calcium carbonate filler ' 600.00 500.00
Polyacrylate thickener To viscosity 5-10 Pa.

To78%TSC.
Water



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

Secondary Backing

4.

Wet Wt.
167.0

60.0

3.0

1.0

To 72-75% total
solid content
400

10.0

2.0

As requied

0 or as required

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

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

Water

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

Lick coating

100

To 78%
TSC
0.25

300

To 10 Pa.

High solid
froth
technique

To 82-84%
TSC

0,5

400

0.5

To 20 Pa.



N.R. latex formulation

Wet. wt.
167
60% N R latex LA-SPP type 60
50% Heveaplus MG 49 latex 3
Surfactant solution 1
Tetrasodium pyrophosphate
pyrophosp To 68-75% total
Water .
solids
) 100
Filler ' ' 10
10% Thiourea solution 2
50% Antioxidant dispersion d
5or as require
10% Thickener solution qul

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 depositthe foam evenly. After foam application, the carpet is carried

nn to a bin stentor which carries the carpet through the even and prevents
Lrpet shrinkage during d*ing and vulcanisation.

Zinc-amine 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.

fAPlation 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)

. 50.00
Styrenebutadiene latex 3.00
Potassium oleate To 70%TSC.
Water 50.00
natural rubber latex 295
Sulphur 195
ZDEC 1.00
ZMBT 1.00
A_nnoxn%ant 300
Zinc QX|de ) 100.00
Calcium carbonate filler 0.15
Polysiloxane system 010
Polyacrylate thicl<ener '

Ammonium acetate 200

Sodium Sillicofluoride 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 tae 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)
. 100,00
Styrenebutadiene latex
1.75
potassium oleate 200
sulphur 10
ZDEC 0.75
ZMBT 0.75
DPG 0.75
Antioxidant 3.00
Zinc oxide 50.00
Calcium carbonate filler To viscosity 3 Pa.s
Polyacrylate thickener 3.5'0
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
gVeb@H iy ii-——
ooster Followmg is& 'FyBl[:él reips:

Parts by mass (dry)

ingredients
_ 1.00.00
Styrene-butadiene latex A
Disodium octyl sulphosuccinate n
Sodium lauryl sulphate
Sodium hexametaphosphate
To78/0TSC
Water
sulphur
ZDEC
075
ZMBT
Antioxidant quinoline type 100
Zinc oxide 2.00
Calcium carbonate filler 2.00.00
Polyacrylate thickener To 3 Pas.s.

Inthe following table are given the comparisions of physical propertie
ofvarious foams:

Characteristics Non-gel Zinc-amine NS
Filler-level (phr) 200.0 1200 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 13 2
Surface abrasion (no. of strokes) 4.0 14.0 30

Raw material cost, ratio 10 1.33 1!



Latex processing and Applications

Rubberised Hair Products « rnatpml

vegetable fibre, €.9., COir {cocontfibre).

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

pre-an-angement of the fibres for spraying

iv. Spraying the latex compound

Drying

Compressing and curing the article.

nentpor 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.

Parts by wt.
i Aimal hair Coir orogher
Ingredients vegetable fibre

60% NR latex (NH, content

167.0
reduced to 0.1%) 161'8 4,0
25% Surfactant solution 2'0 20
20% Potassium hydroxide soln. y 3.0
50% Antioxidant dispersion 30 20
50% ZDEC dispersion 200 3.0
50% ZMBT dispersion 8l0 5.0
50% Sulphur dispersion . 6.0
) } . ; 10.0
50% Zinc oxide dispersion % total
Water distilled To 50% tota

solids content.



Tyre Cord Dips ~ i, ,he construction of pneumatic tyres are

The rubber composition designed to ensure good
racrely 'pL7Lrs" he«cla«ceswiN
et a r b r e ™ ccponents, vi. 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 =eve”'
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
1
H H

C.HpH Ethyl alcohol or ethanol

H H

[ [
H H

CH —O—CH, Dimethyl ether
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i Aliphatic-open chain compound, e.g.,
CH3CH3
CjH, Ethane

i Allcyctic - Carbocyclic or saturated ring compound, €.g.,

H.C

HC [«m
CH,
Cyclohexane

i Aromatic - These are cyclic compounds, contain alternate double
and”ngle bonds in the structure and usually denvatives of benzene
(benzenoid compounds), e.g.,

1 ? - | [h

C,H, Benzene Naphthalene

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

/ICH,

" (

HCA 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 itis called an unsaturated
compound, e.g.,



H H

t-c H-C s C-H

I l

H H

CH=CH, CHsCH
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.

HH HH
M M
c-c—C—
1 |
H H

CH2=CH—CH=CHj
1,3-Butadiene
Il. 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
HH—C—HH
CH3—CH,—CH,-CH, CH3CH-CH,
I
Straight chain Btanched compound
normal compound is0'butane

n-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

Br n- Qr »
Br
C,H,Br C.H,Br,
Benzene Bromo- Orth-di-
benzene bromo-
benzene
0-
1,2-dibromo-
benzene
Br
1,2, 3-tribromo 1,2,4-tri- 1,3,5-tribromo
benzene bromobenzene  benzene or
sym-tribro-

mo benezne
HOMOLOGOUS SERIES
IVlembers having same general formula and containing similar functional

groups but differing in molecular weight are called belonging to a homologous
series. Thus,

CH,
Methane Ethane Propane Butane
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, toC,



Chemical Aspects of RubberTechnology

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 54 3 21
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,+ Br,->CH,-CH,

Br Br
Ethylene dibromide or 1,2-dibromo ethane

They also can undergo substitution reaction.

CH3- CH=CH i+ CI[-" CH, - CH=CH|+ CH

cl
Allyl chloride

The most important radical derived from ethylene is vinyl group.



or T
"
o— T

Ethylene

H H
|

C=C- Cc=C

Vinyi Vinylidene

Table 1 shows the name of various compounds alongwith functional

groups.

Table 1 Classes and characteristics of organic compounds

Class of compound

Paraffin
(Alkane)

Olefin (Alkene)

Afkyne

Halogen deri-
vatives of
paraffin

Monohydric-
alcohols

Dihydric alcohol

Polyhydric alcohol

Aldehyde

Fomiula
of func.

Name-of
functional
group group.

Single

bond

Double

bond

Triple bond
Contains one

or more
halogen atoms

Hydroxyl

Hydroxyl —OH

Hydroxyl -OH

Ether

Carbonyl

Simple Name
example ending
at

CH3CH3 *ar
Ethane

CH,=CHj -ei
Ethylene

CHsCH -yi
Ethyne

CHj-CHjCl

Ethyl chloride

CHA-CHM-OH

Ethyl alcohol

or

ethanol
HOCH”—CH"—OH
Ethylene glycol
HO-CHj—CH—CHj-OH

1
OH

Glycerol
CH30-CH3 eti

Dimethyl ether

o
H-C'» -al

Formaldehyde

Formal



Class of compound

Carboxylic acid

Cyanides or
nitriles

isocyanides or

corbylamines

Nitro compounds

Amine (primary)

Amine (secondary)

Amine (tertiary)

Name of Formula
functional of func.
group group.
Carbonyl 0=0
Carboxyl
="OH

Nitrile or —C=N
cyanide

-N=C
Nitro

p-amino <

N,
s-amino
Amine and —NHjand
acid -COOH

Simple Name
example ending
at
Acetone
~OH
Formic acid
CH3~C=N

Methyl cyanide
or acetonitrile

CHA-NSC
Methyl isocyantde

o

Nitrobenzene

P-phenytene diamine

CHj
Mono methylaniline

CH,

CH,

Dimethyl aniline

a0
NHj
Acetamide
H"4~CHj—COOH
Glycine



Name of Fomiula Simple Namne
Class of compound

functional of func example ending
group
—N= CH2—N=N
Diazo compound Azo N=N X
Diazomethane
Mercaptan —S—H
m?rclalptsnl or P Methyl mercaptan
ioalcohol
Thioether or Thioether —S— CI-CH,CH,—S—
N CH,CH"-CI
alkyl sulphide 2, 2"dichorodi-
ethyl sulphide or
Mustard gas
Sulphenamide -C
Grignard reagent —M—X CH3-Mg—Br )
or Methyl magnesium
organementaliic bromide
compound
Oicarboxylic Acid -COOH HOOC—
Terephthahc acid
Saccharides or Polyhydroxy —OH and Glucose
carbohydrates aldehyde or co C.HA
ketone
Phenyl compounds Phenyl 0 - c r-.
-CaHs Nitrobenzene
Phenylene NO,
NOj
m-dinitrobenzene
NH,

Naphthalene OCr C

derivatives a - naphthylamine



Class of compound Name of Formula Simple Name

functional of func. example ending
group group. at
Anthracene
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

Ofthe 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 sg. m/g.

The C-black can adsorb (dissolve by Vander Waal forces) gas. Inchannel
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
SiCl,, in H, has a very low density and particle size giving rise to large surface
area perweight. 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-
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w s between rubber molecular chains. The rubber changes from a plasticto

Anntxnnrillotroplcrom .ofso.ee,e.ents.unC in nature

Group Element Allotropic forms

Diamond, graphite and amorphous
[, charcoal from woodand sugars
ii, lamp black from soot, acetylene blacli
and c-black
ii.  animal charcoal as bone charcoal, ivory
black
k coke from coal, anthracite
u gas carbon and
Vi.  electrode c from arcc)]
a  Crystalline
i. quartz
ii. tridymite
ii. cristobalite and
V. lechitelierite
Amorphous
White
Red
Oxygen
Ozone
Rhombicora - 8
tyionoclinic, prismatic or p - S and
Amorphous S
i. plastic S
ii. white S
ii. colloidal S

IV Carbon

IV, Silicon as silica

V  Phosphorous

M. Oxygen

M. Sulphur

o ocpPoPT P

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,orS, +SjorS,+ 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, ifthe temperature is
brought down slowly without disturbing the solution, then no precipitation
occurs and a supersaturated solution results.

Ifthere 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 extentwithout the fear of bloom. However,



, u,, mrP;s oil and only ajudicious use of oil
many antioxidants of antioxidant in the stocl<,
can lead to grea er

The incorporation of
solubility in vulcanisates atrw ~ AMPA

in general,

..paric acid in proportions higher than their

jure also gives rise to bloom. Though,
vulcanised stocks, it can be

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.

Design and maintenance of suitable instruments for controlling
process.

Operation, understanding, interpretation and improvements in
laboratory test techniques.

Development of new application areas for rubber goods.

The analysis, understanding and rectification of service failures so
as to improve product and/or design.

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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oysrhich tends toresistachange inthe state of ts

motion.

n
"\J.leight
, Thread

-Direction of pull

Aweight 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 aforce 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

1s equivalentto F and W, whereas in the second case the inertia of the weight
retards its movementand 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



o

. Tensile machines

o

. Tension setequipment

o

. Compression plastometers

d. Creep and compression set equipment.

. Compression
Tension
Hooke's law states that stress a strain

Stress

Strain

Hence the deflection ofthe 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 apruc
from the mould, the frictional force is to be reduced and a mould lubr wnt
might 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 tL outerdesign on the tyretread helps atyre 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 "9a*"
kmph meets awind resistance 16 times greater than tha metwhen travelhng
at 15 kmph or 4 times that a 40 kmph. Similarly, a jetplane
kmph will meet awind resistance 400 times that of a car A A
These factors are to be taken into consideration dunng design of the car,
jetplane or the tyres fitted on them.
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imoBCl is another important property. An aeroplane tyre must have
suffioiS a ot resistance soastowithstandthesudden compress,veforces
acting ONit during 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 awide 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 ofconservation 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,

= A —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.

Resilience {%) = 100 K, = 100------ N =100-—- .3

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
withtime. If asecond 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 ofimportance 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
A Weight of an equal volume of water

Itis 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's 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 moulded
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 moud
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 intrpps and it aoverns the flow of laiex

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

AeAMWscosity 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

X Bemoulirs principle predicts that during a fluid flow, the pressure vanes
inverselyto the velocityo fthe fluid. This is of greatimportance 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.

"LZ>C Z2Z7ZZ

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. As:
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
effect of 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 “| ' f “ 1727 MO”ner
manv times greater than metals (steel 33 «10 per C, brass57 10 p
"Cl Thus rubber increases in volume during moulding and undergoes
consSl*shrrnU e aftercooling, 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
temperature by one “C, Its unitis cal/cm, sec. $,

The themial conductivity of rubber is 50x 1Q-"cal/cm. sec. «C and
heat0 5. These values are considerably higher thantho” °
these reasons heating of rubber is difficult, especially in thick sect“ons®
Special fomiulatlons of rubber compounds are to be

n
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, itis 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 X0.510 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

Sn te'lscLd intoseven different colours. In rubber technology besides

Wacrseveral colours can be developed by judicious blending of different

odour pfg”~nts 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-NH-
Azoxy Azoamine
c=0 Cc=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 033* 10°
RuOber 0 50 »1Q»



Water 1.43x10°

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 awell-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
Val

or V=IR "

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



where R is the resistance, | is the length of the wire and s is the cross-
Tecton P is specific resistance or resistivity of the wire. Hence,
S s«Vi” isthe resistance of a matenal of 1¢m 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 of some substances

Material Resistivity (ohnn-cm)
copper 1.724 MO -
Aluminium 2.828 x 10=
Graphite 8*10=
Glass 9x10"
Natural rubber 1* 10®

With increase intemperature, 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 ortyres. 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 thatthe magnitude ofthe
force (F) exerted between two electrical bodies is proportional to the product
of the two charges (g, and g j and inversely proportional to the square of the
distance between them, i.e.,

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-aa®
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The practical unit of charge is a coutomb and is equal to 3 » 10'C.G.S.
unitof charge.

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

where,
The magnitude of the force in air A
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 | 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 21-2.3
Shellac 31
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 2.8 2.85 8.0 134 26
(50 cycles, 20°C,

75% RH)

Power loss (50 cycles, 0.0096  0.0022 0.04 0.454 0.0026

20°C, 75% RH)



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 1or, ,nlength and 1 cm= in cross-

secton Itis usually expressed in ohm-cm.
Some resistivity values are given below (Table 1) -
Table 1: Resistivity values of some substances

Matena) Resistivity {ohm-cm)

n " 1724x10n
Aluminium 2.828 * 10"
Graphite 8» W
Glass 9 X 10«
Natural ojbber 1x 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

ofthe two charges (g, and g") and Inversely proportional to the square of the
distance between them, i.e.,

F=C",-"b. 9

where C is the constant dependent on theunits 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=M2
..10



Physical Aspects of Rubber Technology 85

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 21-2.3
Shellac 31
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« o™ 10™ 10'»
Dielectric constant 2.8 2.86 8,0 134 2,6
(50 cycles, 20°C,

75% RH)

Power loss (50 cycles, 0.0096 0.0022 0.04 0,454 0.0026

20"C, .75% RH)



NUCLEAR PHYSICS
This advanced branch of science is extremely he”ulrn analysis,
structural studies and research and developmentwork in the rubber field.
Light is a kind of wave and visible light forms a very small part of the
whole wave spectrum.

A Visible Heat rays and
Ganmna u-v - '
rays X-rays light light 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 d,
say, particular antioxidant in a rubber compound or vinyl content in a rubber,
I-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 saiaTbh have m'cure-compafibllity” and excellent mprocessing" or
“processability”. Besides T, 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 atthe 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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L I thP carbon black is added in portions with the
Stearicacid are mixed, n considered a black masterbatch. It
oil. This "non-productive non

sheet out, and cool the batch. The
may be desirable at

. . Mdients, with the accelerator
next phase -solves m«ing n_“tjhe°the’\r -productive-, since

Tw'rcS"'c"r?'s1nk irreversibly - when held for a carefully regulated

time ata ® 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 ¢ h in processing. Although cold SBR is often preferable to hot fo
optW hysical properties,hotSBR can be better for both
oraduct properties. Hot SBR breaks down more rapidly to a des able
molecular 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 1.5to 2.0 parts per hundred 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 a
natural rubber. This is the principal reason it was necessary to go back toa
higher proportion of natural rubber in radial tyres, which would otherwise
deform in transit from the tyre-building machines to the curing presses
Applications of SBR

Of all the SBR made, about 75% goes into tyres. The rest goes ino
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 1%
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



processing and curing of polybutadiene and
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

Soap soluUoD—
Chddant
Activator solution—*

-—
ttji
Styrene<._ Polymerisation r»ctors
recycle 1 short stop
Qil AntioxidanlButadiene
recycle
T N
rsn
Latex blend tanks
Butadiene
vacuum flash
Styrene
stripping
Coagulation tEnk column
St Blowdown tank
eam
Conversion tank
(=rrrm Serene butadiene
ftntm r*)
Wun-iTT)
Dewacrer Diyer
Baler

Fig.1; Manufacture of emulsion styrene-butadiene rubber (SBR)
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processes better than solution polymer but notas 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, butthe 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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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 infilled compounds, high resilience and low heat build-
upin 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 s
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) ad
Mooney viscosity may possess considerably different rheological and curing
properties.

EPDM's polymers are employed in awide 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, itwould 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 shot, and so
forth Depending upon the particular machine (its mechanical condition, speed,
etc.) mixing cycles can range from 3to 7 minutes. Using this kind of procedure,
the batch is usually dumped when the temperature reaches 115 Qtoiju 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 o"ften results
in poor dispersion of black or rubber or both. These polymers and blacks will
ul=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 standpointof 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 WackJhen
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 offillers 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
©;Mpty M e n betterdispers.on or batch-to-batch consistency iS needed

Extrusion

The selection of polymer is a pnme consideration ifthe EPDM compound
isto te usedTor extrusion proce”. The high-eth”ene types are most
usefu”~orthis”ScesstecauiiWovy MM
retention Tna «ion, some green s-ffef*th seems necessary for good feeding
inTothe 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.

Awide 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, italso provides better control of processing
conditions so that more uniform extrudates are obtained. For mostcompounds,
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 tedesirable to use a high-ethylene polymer, either exclusively
orin 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 proneto 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 inthe 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-weightdistribution 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 ABTS 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 moy|*-,30fids
applications, acceleratoj.AlaoTO may_.I3e,gnacc”le. To assure a n"n-
bl0Omina_cgmEOund,'it is necessary to maintain the levels of the various
cKernic”below their solubility limits,

'"MBT MBTS, CBS, ZMBT ZDBDP

3-0Pf"
ZDBDC, DTDM Ao
,Z.DEDC,ZDMDC,TDEDC, TMTD 0-8 phr

| DPTT, TMTM, TETD, FDMDC ° 8phr

lit has long been known that low sulpmjr or sulphur donor cui:e systems
give good heat resistance and im proved cornfiLession set By using a cure
syltSn™I"pTTrfiazoleTM BT, MBTS, or CBS) in com”bi*ton
with a thiuram and a d1thto"carbamate and a ieve 1 of sulphur below one part, it



whch is men added inaementaliy. In addition, two-stage mixing is frequ”tly
“ e e n t,ettardispersion 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 gh”~th”e types are most
useful forth is* e s s because they pravjde gooi“reen strength for shape
retention in addition: some green strength seems necessary for good feeding
iHTothe 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 ofthe 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.

Awide 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 awarm-up mill, italso 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
barel. 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 te desirable to use a high-ethylene polymer, either exclusively
orin 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 inthe medium-
to-high propylene range. If the compound isto 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
| 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 im proved cgmpiessjon set. By using a cure
sylISm~-pR TO fA21ilM B T, MBTS, or_CBS) in com_binaton
with a thiuram and a dithiocarbamate and a lev~of si*phur below (e p*.
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ISpossible to obtairi ®
aTOve 150"C. a

resistance of this systery. A
provides good hea

heat resistance. For exposure temperatures
, sf,og|d be added to enhance the heat
sulphur-donor, low-sulphur system that
compression set than that obtainetl

3-phr levels of a thiuram, of

cure systems that b typically longer and take place at

AXlo~rbamate 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 mostwidely 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, itis 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
ina compound to aid processing.

EPDM compounds are inherently nottacky 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 EPDtVI.



Styrene Butadiene Rubber (SBR)

COMPOUNDING EPDM FOR VARIOUS APPLICATIONS

The inherent properties of EPDM polymers have led to their use in a
considerable variety of applications. Some of usesa”
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 sheetng
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 reinforcementto meetthe 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, PANrmanVrin
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 Rubber Products >

MISCELLANEOUS EPM/EPDM APPLICATIONS it
EPM/EPDM was originally considered n 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. 26
Time, ts' 5.0
(min) tCj, 103
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 250
Zinc oxide 30
N-650 black 1300
N-762 black 95.0
Ground whiting 40.0
High-viscosity, paraffinic oil type 104B 1300
Stearic acid 10
T™MTD 3.0
DTDM 20
ZDBDC 20
ZDMDC 20
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 750
N-550 black 15.00
York whiting 300
Zinc oxide 30
Stearic acid 10
Circoscl 4240 65.0
BIK 10

CELOGENAZ-130 8.0
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100
Ingredients [ —— n
MBT 0
TDEDC 20
ZDBDC 20
2.0

Sulphur

367.0

Recommended continuous curing conditions

Precure-3 min. @310°F

3min @ 390'F
. 196
Expanded 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, poy
(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 313
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 1430
Elongation, % 295
M200%, psi 940
UL set, % 6
14 days air oven, 121“C-% retained
Tensile strength 106%
Elongation 95

21 days air oven, 121°C-% retained
Tensile strength
Elongation 91

Electrical properties

1 day

7 days
14 days
1 month
2nnonths
3 months
4 months
5 months
6 months
7 months
8 months

75°C Water 90"C Water
Power factor Power factor

Sic 40VM 80VIM Sic 40VIM  80VIM

2.68 1.28 1.36 2.67 1.58 1,64
2.69 0.97 1.08 2.69 0.94 1,04
271 0.83 0.93 271 0.82 0,89
2.72 0.68 0.77 274 0.82 091
2.76 0.67 0.74 2.80 1.05 112
2.79 0.73 0.81 2.87 1.15 1.23
2.81 0.67 0.80 2.92 115 122
2.84 0.61 0.78 2.96 1,14 1,23
2.87 0.72 0.81 2.98 1,10 1,19
2.89 0.76 0.78 3.00 1.06 113

2.90 0.79 0.85 2.98 0,96 1.03



Butyl and Halobutyl Rubbers

INTRODUCTION

Butvl rubber is commercialy produced by oationically copolymensing
isobuJ enel small amounts of isoprene. The halogen denvatoes”chlora
and bromo- have been commercially available since then. The conceptad
hSenafcn 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 o
butyl rubber provide greater vulcanisation-flexibility and enhanced cure
compatibility with 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, excellentimpermeability of gases, resistance to oil and
greases. Itis used in tyre car cases,and linings, electrical wire, steam hose
and other mechanical rubber goods.

CH, CHj
HjCc=C H2C= C—CH =CH2
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
diluentand unreacted hydrocartrons are flashed off overhead.

| Purge isobutylcaa ind isoprenc

DUutej e
Caulyst
solvent
Cstalyst Catalyst Recycle gas
preparation chilimg oompydiying
1 Feed 1 . -
Feed y Rwctioii water
blend chilung - slurrmg
purified
isobutylcne
Return water
Sturt Water alurry to fmishing
Isoprene Extrusion Bjdin_s » To warehouse
drying packaging

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 inthe
subsequent finishing section. Zinc stearate is added to prevent the
agglomeration or sticking together, of the wet crumb. The slurry isthen vacuum-
stripped of residual hydrocarbons.

In the finishing operation, the butyl-rubber slurry is dewatered in a series
of extruders to bring the water contentto 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.



properties OF BUTYL RUBBER

Physical Properties rubbers are copolymers of isobutylene and
which n i ,» Mould equal 98, and m would equal 2. In
of isoprena Thus inm n N n A
s rs js : “06%poi«™ | t »e<»mE«'0"-" "'
unsaturafed.
CH.H H CH, H
P 11
c=c c=c-c=c
[ ! '
CH.H H H H
CHjH H CHH
o
-ji. C- -C—c=c—cC-
I 1 | | |
CHjH HH 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
ofwell over 5000. Natural rubber, on the other hand, has a molecular weight
between points of unsaturation of only 68. This isthe molecularweight of an
isoprene molecule.

AAsaturation 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 unitenters 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 presentincommercial grades of butyLThe above
three isomer forms for the isoprene unitinthe polymer are given in Figure ‘.

The discovery and development of butyl rubber notonly furnished rubber
technology with a new elastomer, but, as mentioned earlier, it also provided a



new principle This the conceptoftow functionality. A low functtonality elastomer
has sufficient chemical unsaturation so that flexible low-modulus vulcanised
networks can be produced, butthe larger inert portions of the chain constribute
towards oxidation and ozone resistance. Today the conceptof low functionality
iswell-established. For example, vulcanisable ethylene-propylene terpolymers
(EPDM) now extends the family of low-functionality elastomers.

. CH, H H CHH CH, H CH,H CH3H CH~ H

i H H H CHjH CHj H CH,H CHjH H H
[ Mol. Wt. 5000

Butyl rubber

T T i"

Natural rubber

Fig. 3: Unsaturation of butyl and natural rubber on special basis

CH,
CH= CHj C— CHj
CH,
34
/ram-14 12

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 of low levels of unsaturdtion "
segments of polyisobutylene produce unique elastomenc

application in a wide variety of firiished rubber articles. These special properties
can be listed as -

n long



i. Low rates of gas permeability

i. Thermal stability
i Ozone and weathering resistance
w Vibration damping and higher coefficients of friction

V  Chemical and moisture resistance.

The more ohemicailxirieilnature of butyl nibber is reflected in the lack
of significant molecular-weight breakdown during processing This allows one
to perfomi 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
ISa 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
iswaning, 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

Air pressure loss (psi)

Original
inner tube Pressure (pusi)
Natural rubber 28 4,0 8.0 16.5
Butyl 28 0.5 1.0 20

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 20
TMTDS' 1.0
MBT' 0.5

Cure range 5' at SSO F—8 330*F

aTMTDS = 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.



: Icompounds, tyra-curing bladers

1 2
100 100
Exxon butyi 268 5
Neoprene GN 50 50
HAF carbon black 5 5
Process oii 5 5
Zinc oxide

Reacitve phenol formaldehyde resin

10
Rrominated phenol formaidehyde resin

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 Withthe moisture resistana
of its essentially saturated hydrocarbon structure finds utility as a”~gh 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.



Butyland Halobutyl Rubbers

Table 4 : Butyl sheeting compound
Exxon butyl 065 100.0
HAF carbon black 480
SRF carbon black 240
5.0
Zinc oxide
3.0
Petrolalum
4.0
Wax o
1.
Sulphur
05
TDEDC*
0.5
15
ZDMDO>
»TDEDC = Tellurium dlethyWithiocarbamate.
"ZDMDC = Zinc dimethyldithiocarbamate.
"MBT = Mercaptobenzothiazole.
Table 5 : Cble-insulation formulation
Exxon butyl 065 100
Zinc oxide 5
. 100
Cal d cl
aicined clay 5 Masterbatch-mixed
Pbjo, 5 al300"F
130“C m.p. wax
Low density polyethylene 5
SRF carbon black 10
4 Added as a separate
MBTS* 15 croter mix
P-quinone dioxime ”
*MBTS = Mercaptobenzothiazyl disulphide.
compositions more effective® aresult butYI compositions
areintheregionofvehicular-bodyvibration.an . Intheorv more

are employed in the fabrication of automotive body mounts” ‘heW me™
highly damped of viscoelastic polymers
frequencies. Hov"ever, the , actice This effect partially
decrease with increasing A systems. In addition at higher
alleviates Wgher-frequency defficien™Mwmww»

frequencies, dynamic stiffness becomes a influenced by
transmissibility” and this dynamic behaviour can be greatly influenced y
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A the size and the shape of the moulded
3 typical butyl body-moum

compounding variations as a

a 50 Shore A hardness vulcanis
Higher damping behaviour
coefficients of friction

jorner can be associated with higher
~ surface with a measurable

property of butyl has potential for

road surfaces
Chemicaland Moisture Resistance

of more polar oxygenated solvents, ester-type plasticisers, vegetable oils,
and synthetic hydraulic fluids (8.6 to 11.0),

Table 6 : Butyl body-mount compound

100.0
Butyl
HAF carbon black 450
15.0
MT carbon blad<
Paraffinic oil 20.0
Zinc oxide 5.0
CdDEDC* 2.0
mis 0.5
Sulphur 1.0

+CdDEDC - Cadmium diethyldithiocarbamate

Thus while butyl vulcanisates will be highly swollen by nydrocarbon
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.



Bntyl  Ntture] ~ SBR  Hyp*lon  Neop-

Fio 5 mSwelling of butyl and other elastomeric vulcanisates in phosphate
ester fluids

butyl 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 majb *
linked with sulphur, and activated by zinc oxide and
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 pnmarya  #
Which promotes the most efficient use of sup =
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.
100
Butyl elastomer 5
Zinc owde 0.5-2.0
13
ThiSram or dithiocarbamale accelerator 05 -1
Modifying thiazole accelerator
(R—N—C—S),M
(r _N-C-5>2
. Dithiocarbamates
Thiuram (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 ofcu e
is multiplied by 1.4 for eveiy 10+F decrease intemperature. Conversely, for
every 10°F rise in temperature, the vulcanisation time is divided by 1.4,

Dioxime Cure

The cross-linking of butyl viith p-quinone dioxime or p-quinone dioxime
dibenzoate proceeds through an oxidation step thatforms 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, vi*thich 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 CH,—



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 ofthe resin cure is utilised in ttie fabrication
of tyre-curing bladders.

N— OH N =0

+ [01 Oxidation step

N—OH PbOj N=0
PbjO,

=Cc -C -)

Fig. 6 ; Dloxime cure of 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 ‘01 -
molar ratio of chloride to double bond, achieved a broadening o vu c
latitude and rate, and enhanced covulcanisation with general W ose, high-
unsaturation elastomers, while preserving the many unique attnbutes of the
basic butyl molecule, Bromination inthe same approximate molar ratio fu~er
entianced cure properties and provided greater opportunity or t
covulcanisation or adhesion, or both, to general purpose elastomers.
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tyre

S~thl'tamagesofbutylirineru”
the radial tubeiess tyre.

the requiredlivetl’
unsaturated tyre elastotriers to

Mcthylolresin + 2SdC1
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Time of vulcroU*tion (hn. *t 322*F)

Fig. 7 : The relative rates of cure and reversion of resin and sulphur-cured
bu”i compounds

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 5times that of chlorination. In both cases, through mixing isa 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 -

|. Heterolysis and addition of halogen (X)

=C-C-

c— c—

There is interaction between positively charged carbon and added X up
until.

ii. Proton abstraction by Xq
|

swv-i;_c_c—C—C + X®
jo_ i ] |

| X
Thmodynamlically most
favoured stnjcture
|
HX
—Cc— —c—
U -L U

Product found in highest
concentration

(IV) Isomerised form of |



ctorir rnnstraints |mposed by the dimethyl-substituted
Apparently the Aer "jer m the kinetically favoured

carbon alpha Othe ,n-ch /™" commercial products can be

"fe d foltoa tevel s 95% by the summations of the concentrations o,
structures I-IVwith Il 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,
bramine iN @ senes of high-intensity mixing steps. Hydrogen chloride o
hToaen bromide is generated during the halogenat.on step, and rtust be
nfufralised usually wi” a dilute aqueous caustic solution. After neu ralisation,
e Susfc aqueous phase is separated and removed and the halogenated
"t isthen 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.

Neutralization Halogenalion

SolutioD storage contactors contactors
From Solution
preparation
Hexane recycle
Makeup
Slurry to
finishing
SUipper Flash siuny

drum

Fig. 8 ; Process of manufacture for halogenated butyl-rubber

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 effectiveness,

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 -

Prevent the accumulation of evolving HX and yield harmless by-
products.

Not be itself highly reactive vinth allylic halogens.
Have process compatibility,

iv. Interact favourably, or at least not unfavourably, with cross-linking

systems to be employed.

V  Notintroduce a health hazard.

.

all of

Be economical within the foregoing constraints.

Many materials will satisfy one or more of these demands, but very few

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,

i 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.

Mineral Fillers - Mineral fillers vary notonly 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 vhith 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.

i. Taic is semireinforcing in halobutyi w/ithout a major effect on
CuFi.

ii. Hyerated silicas even at moderate levels cause compound
stlffiness and slower cujg rate, so their use should be restricted

. Silane-treated mineral fillers so one way to enhance the
interactjp.abetween polymerand silicates, and hence.to improTe
compound properties, isto add smally 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.

ii. 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-
diamin” will react with Fiardbutyl They should preferably be
added with the curatives, notin the masterbatch. Phenol derivative
antioxidants are generally preferred.



Processing Halobutyl
The following recommended processing conditions are applicable to
both chloro-and-bromo-butyl,
a
all the ingredients except for zinc oxide and accelerators The batch

h Sew e
A g
and processing for afhalobutyl innerlinercompou*XE 5%%%%5%%'?
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; 1/4fillers
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
ofthe 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 -



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.

Hyerated silicas even at moderate levels cause compound
stiffiness and slower cure rate, so their use should be restricted

Silane-treated mineral fillers so one way to enhance the
interactLoo between polymer and silicates, and hence.te im'prwe
compound properties, isto add small (1 phr) amounts of sllanes
Particularly ujeful 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 -

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

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 mscorcr .ime
2!RaratBs aad srrouia ce-ctea ;inc stearate ‘wracn
lar also ce *o,rTec 7la tie ;;nc ;:caB anc stear'c acid reacncn
s a ar;ng” ler.ycrcpaicueram-r agei-r a'o 3 ;ure ;ard)vst QL
' Steeuni, Nir-iiarsffecis Viilce ;csei’,(si /»itf ~iher :n?ancic(»
38 :iac icc :r BI3l-rtrenll: ac. i.kaiire ?tei.3ra3. :i'
fc tre “Er«”irr is racur- neariie. 'ave 1-Harrirc wci’
e

«-.rj - “er"Trxrirz;."ii3£:"ie =n: —i-f>c;ali.

-asc-rharf. *-,-0



Processing Halobutyl

weight should be 10-20% higherthan m The batch

compound based ongenL'/'pur'AMAL b tff
and processing for a halobutyl innerliner compou™nd*

irst stage omm Halobutyl, carbon black, retarder.
15 min Process aids, plasticisers,fillers
Stearic aid....
3 5min Dump at 120-140°C
Higher dump temperatures could result in scorching -
Masterbatch + curatives.

Sows'

Second stage 0 min
2 min Dumpat100”"C

~nenplished witha roll-speed

S"coirelrro,r
The following sequence of addibon is recommended part of the rubber

rtusrefrt™" A ® n filters

piasticisers at the end; acceleration below 150“C.

b Calendering - Feedpreparation can be done either by mill or by
extruder Halobutyl follows the cooler roll; therefore, atemperature
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 a | Mlendering 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

&"js«3r7-FeecltefriDef3iuBsfwi*lbe 75" C«*jie?:e»rcefaaife
» extnxtase ;s arooncf 100X D*inr* caexienr®arc extms«r
" ‘'3'otfaty* compounds »ie nlos! importart proce'r s c.-ste®
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Ensure the stock is well mixed in full mixer to prevent porasity.

Avoid moisture at all stages,

i Keep all rolling tjani<s on mills and calender nips to a minimum

Moulding - Halobutyl can be formulated to have a fast-cure rae,

aood mould flowand mould re e ase charactenstics, and can, therefore,

L moulded into highly intricate designs with conventional moulding

equipment. Entrapped 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 ofils

easy flow and fast, reversion-resistantcures. Low-molecular-weight polymei
grades may be required for optimum flow and good scorch safety.



Nitrile and Polyacrylic Rubber

introduction

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—
|
CN
In theory, the polymerisation reaction can be written as -
CH"=CH—CH=CHj + CHj=CH

[
CN

(—CHj—C H= CH—CHj),

The values of n and y depend on the precise polymerisation recipe and
the temperature of polymerisation. Itis importantto 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 embirittle (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 ae
specifically recommended for those applications requiring heat and dl
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, ad
stabilisers. The basic steps involved in the manufacture of nitrile rubber are
as follows -

The monomers are emulsified inwater, 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 o
manufacture are in use today

Nitrile rubbers are available in several forms such as sheets, crumb,
powders and liquid.

PROPERTIES OF NITRILE RUBBER

Qil 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 range from 15-50% acrylonitriie
content. '

iViany 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
nitri A lllustrates some of the properties one can expect of a typical

t lie rubber compound when only the ratio of acrylonitriie to butadiene content
Drnnprtef> ™Pperant characteristics which can affect the
Lon” na*t", particularly the processing properties are

rubbers a*30to%"5



Table 1 : Property trends influenced by the per cent of acrylonltrile In nitrile
rubber

% 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, Pprmangnt 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-permanenetgel, which generally
can be temporarily milled out of a compound, results in increased green
strength and reduced cold flow of uncured compounds, *ut also results in
reduced surface tack and poor mould flow characteristics”

A madification 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 Riibber

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 of nitrile rubber related to acrylonitrile content

% Acryionitrife 41 33 29 21

Original properties ASTM D412

100% modulus, MPa (psi) 2.0 2.3 2.3 24
(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. plied discs, ASTM D395, method B
70hrs@ 125X 34 34 39 38
Low-temp. brittleness, ASTM D2137
“c -20 -36 -40 -45
OiJ-reslstance, volume-change per cent, 70 hrs @ 100®C
ASTM No, 1 1 +1 +3 +4
ASTM No. 3 .10 +17 +32 +49
Fuel-resistance. volume-change per cent, 70 hrs @ 23'C
ASTMReference Fuel B +29 +39 +54 +76
ASTM Reference Fuel C +48 +66 +88 +133
Distiiled-HjO-resistance, volume-change per cent, 70 hrs @ 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 cQfit
gaskets and break linings. Another interesting application for nitrile rubberis
in plastics modification to improve impact strength and flexibility.



mtrlle and Polyacryllc Rubber fos
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
tothe 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 commerecially available nitrile rubbers can be mixed either on
atwo-roll mill or with internal mixing equipment. Compounds can be designed
to be easily extruded, calendered, or moulded with injection, compression,
ortransfer techniques.
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Table 3 : Typical vulcanisation systems
System Level Characteristics
Sulphur 1.5 parts Low cost, general
MBTS 1.5 parts purpose, slow curing
Sulphur 03 parts Fast-curing, low compression
ITfTD 30 parts set. blooms
Sulphur 0.5 parts Faster curing, lower
TED 1.0 parts compression set. non-blooming
7MTD 1.0 parts
CBTS 1.0 parts
DTDM 1.0 parts EV system, excellent heat
oTQs 2.0 parts ageing
™M 15 parts
Drcumyl 5 4.0 parts General-purpose peroxide
pewxkle (40%) 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

N”riie rubbers containing “bound” antioxidants, i.e., antioxidants
attached to the polymer chain are less fugitive and are less likely to
be soluble infuels 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
propoS"o?a'™"" “ polymers of ethyl aoylate and a minor
ether monomer containing chlorine, e.g., 2-chloroethyl vinyl

CH?=CH-COOqH, CH,=CH-0-CHA—CH\—CL
Ethyl acrylate 2-chloroethyl vinyl ether



Nitrite and Polyacrylic Rubber

Table 4 : Oil-well'packer element

Ingredients
Hycar 1051" 100 0
Zinc oxide 5.0
Stearic acid 1.0
N550 black 70.0
Antioxidant 20
Plasticiser 5.0
Sulphur 0.4
MBTS 3.0
ZDMC 15
187.9
*Typically, 75 Mooney, 41% acrylonitrile
Expected properties
Tensile strength, psi 2940
Elongation, % 370
Hardness, points 78
Table 5 ; General-purpose moulding compound
Ingredients
Hycar 1052* 100.0
Zinc oxide 5.0
Stearic acid 1,0
Antioxidant 15
N774 black 65.0
Plasticiser 15.0
Sulphur 15
MBTS 15
190.5
mTypically 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
toforma 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 Ethylene/acrylic
(Hycar cyanacryl) (Vamac)
Back-bone Back-bone
(@] A_Ikyl (1) Ethylene
(CHj—OH) (-CH—CH,-),
|
0=0
|
0-C,H~, .

e.g., ifn=2: ethyl acrylate
e.g., ifn=4: butyl acrylate

(QAKO<y (2) ftllethyl acrylate
(CH-CH) (-CH-CH-),
|
0=0 C=0
|
|
o- c.h.o- ¢c,h”", OCH,

e (.ifn =2 and m = 1: methoxy ethyl acrylate
eg., ifn=2and m=2: ethoxy ethyl acrylate



Cure site

Cure site
Chlorine Carboxylic acid
—c—Cc—cC —R—),
| Proprietary 1
X = molecular Cc=0
| structure j
CH,CI 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,
slab 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
ails, 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 (DTAT?).

Applications

Conventional acrylic elastomers have been successfully utilised in a

R LU applications. These include automatic
canZ k valve-stem seals, crankshaft seals, pinion seals and oil-

inothtLIh "T ' Seining rapid acceptance
L li(e Arrn n] . ®PP"=3tions such as hose, tubing, electrical-cable
jacketing, rolls, and belting.

general compounding

Cure Systems

ISa. ccom DI iih I f " saturated back-bone, cross-linking
nature of of copolymerised reactive cure sites. The
cure svsem MM/ products, and therefore different

systems have been developed for specific types. Thus, acrylic



elastomers from different suppliers are not generally directly interchangeable
inagi/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 with carbon black and/
or mineral reinforcing 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
plasticisers are generally utilised.

Process Aids

Lubricating agents are essential to promote the release characteristics
ofacryliccompounds. Stearic acid is commonly used, usually in combination
with commercial process aids, which provide both external (release) and
Iritemal (viscosity-reducing) lubricating qualities. However, itis cautioned that
Nigli 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 ISalso 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, itis
recommended that reinforcing agents be incorporated very early In the mixing
cycle to obtain good dispersion, tulaximum cooling is also essential, o
maintain polymer integrity during the initial phase of mixing.
Extrusion/Calendering

IMost 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 shelflife. In practice, aged compounds are usually mill-freshened
prior to subsequent processing.
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Table 6 : Banbury vs. mill-mixing

Banbury
Start: slow speed, full-cooling water Start; room-temperature roils, fuli-
cooling water.
Master
1. charge 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.

IS

. Add process aid.

5. Dumptime 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-mould 37190“C to 17204"C
Transfer-mould 127163“Cto47177“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
4-8hr/177°C are commonly utilised.

Bonding Characteristics

Avariety 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, ad
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 d
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 liae
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 thanwijthsulEtiiu:.- 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
notall of them are readily available in all trading areas. The solid types vary
over awide 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

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



and other substrates Bonding is carried outduring the vulcanisation process
Recommended substrate preparation and application procedures are provide
by the manufacturer
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, arn
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 d
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 tiae
interesting blend possibilities.
Future Developments

Although significant advances have been made in acrylic-cure
technology, continued research is aimed at the development of more higli®

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. Itjgj/ulcanised with metallic oxides
riher than with sulfitiur. With a specific gravity of 1.23, itis resistinflo 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
overa 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

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 of designing with an
elastomer.

Consider the property called oil resistance. JjVhenan elastomeric product
is exposed to a liquid hydrocarbon, several reaclions 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 al.

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

Raw polymers
Limited storage Excellent storage Excellent storage
stability stability stability
Peptisable to varying Not peptisable Least nerve
Fast curing but safe Best extrusion
processing calendering performance

No accelerattors necessary
Vulcanisates

Best tear strength Best compression-set Properties similar to W
resistance types
Best flex Best heat-ageing

Best resilience

Crystallisation

Crystailinity is an inherent property of all polychloroprene rubbers but
some of the neoprenes crystallise more readily and to a gre §/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 itis 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 avulcanised part with time at moderately low temperatures.

Itwould be a good idea to show acomparison 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.

JSpecial-purpose Solid Types

' The special-purpose types of neoprene — AC, AD, AF, AG, and AB -
lare designed primarily for a particular application (e.g., adhesives, coatings,



sealants). Neoprene AC, AD. and ADG have a high degree of crystaliinit
whereas Neoprene AF has a low degree of crystallinity. None contains a
staining type of stabiliser

Table 2 : Room-temperature crystallisation rates (measurements made on
freshly*milled polymer)

Rlati\« 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 AR
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.

Ne”rene AF, which contains small amounts of carboxy! functionality

B essentially a non-crystallising polymer designed for one-part adhesives
n 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 ltis 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
n | peaking, ag can be formuiated n the same fashior as AC and

t*<nscS”™~cryst”"ine soMatroomtemperature M

aw x e«8“”na<#»s.vesandc3uksandasa™*v«jfetiie vutea.”



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.

i. They soften under mechanical shear and may, therefore, need less
plasticiser to prepare compounds in a workable viscosity range.

ii. 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, butto a much lesser degree
t*oause of the pronoitnced influence of the accelerator.

Forimproved 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. Itls noe
expensive usually.

The oxides of other metals are either impractical to use or exert o
appreciable influence on the curing characteristics. Calcium oxide is
sometimes used as a desicoant to facilitate vacuum-extrusion and, witi
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 importantto
the processing and properties of the finished product. The grade of magnesia
used has two characteristics.

i. Itis precipitated (not ground) and calcined after precipitation.
ii. Itis very active, having a high ratio of surface to volume.

Types of zinc oxide that have fine particle size and high surface aea
are preferred. This ingredient should be added late in the mix cycie to awid
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, ofthe 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 o
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 inthe
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
orchannel 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, butimpaired 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 orto
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
atemperature 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, itis 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 oftype WRT to
70°C fortype 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
awamihead.andahotdie.

Ttiese are the major variations inthe processing of neoprene that differ
fromthe normal routines followed with other elastomers.

applications of neoprene

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.
Thefluid types are classed as -

i. Solvent
ii. Latex
H.  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.

Solidadhesives, on the other hand, are based on fluid neoprene polymers
and contain neither solvent nor water. Adhesives ofthis 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 ingredientin a neoprene adhesive, apartfrom
the polymer, is the resin. Various types of resin are used in order to enhance
specific adhesion, improve cohesive strength and hot bond strength, orto
impart better tack retention. Resins are usually compounded at a level of 5
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 o
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 ad
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 inte
exploration, production, and distribution of petroleum, such as packers
pipeline “pigs", seals, gaskets, hose, coated fabrics, wire and cable, and 0
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, al.
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 ae
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.

neoprene LATEX

Neoprene latices are aqueous, colloidal dispersions of polychloroprene
or of copolymers of chloroprene and other monomers such as methacrytic
add 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.
Anexample 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
atthe highest practical solids content.

COMPOUNDING NEOPRENE LATICES

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
Aandpoints The presence of a good antioxidant in neoprene ,s as important
as rrhetai 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 increase”rate o”cure and to enhanc”tfie
physifir?riperties of neoprene. T~e aatiraonHthiocarbaniFde to neoprene
latL 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-costdiluents. 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,
butin orderto 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
nrocedures also hold for neoprene latex. Rne-particle-size dispersions and
emulsions, compounding pH above 10.5, and i e* use of de-ionised or distilled
Ater inpreparing all ingredients are all recommended for processing unifomiity.
product Safety

Forall the solid polymers, however, routine industrial hygiene practices
arerecommended during handling and processing to avoid such conditions
asdust 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
contactwith 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 resistantto ozone, as well as the weather, being
betterthan neoprene and butyl rubber in this respect. These are also resistant
toail. 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 (—SOjCl) 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
solesand neels, automotive components, building products, coatings, flexible
tubes, and hose seals, gaskets, diaphragms. 'Hypalon' 45 can accept large
3Tiount of fillers and is used as a binder for powdered metal to produce
magnetic gaskets for doors, and sheet goods for X-ray burners.

Processof manufacture

The process for its manufacture involves ttie simultaneous chlorination
"lorosulphonation of polyethylene in solution. HYPALON, as a

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
alternisve 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 ae
compared in Table 4 CMS vulcanisates are seen to have better oil and flame
Sance and as indicated by the substantial difference in their tensile
strTngths bette'r all around mechanical toughness. The chlorine atoms mn
the polyethylene back-bone not only provide elastomenc properties, butaso
qive useful 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 with a saturated hydrocarbon backbone
EPDM CSM
Excellent
0j, 0, resistance Excellent )
Excellent
colour stability Excellent
Gum strengtti, psi 500 5000
Fair-good
oi! resistance Poor 9
Very good
Heal resistance Very good Yy g
Flame resistance Poor CFBOQd o
air-excellen
LoW'temperature properties Excellent

The sulphur content of most grades of HYPALON is maintained at 1/
by weight on the polymer. The chlorine contentvaries betweenthe 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
~creasing chlorine, the compounds and vulcanisates get increasingly rubbery
butthen at higher chlorine levels again become stiffer, because of increasing
alass 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
thatare characteristic of CSI* elastomers in general. Their vulcanisates are
tough, colourable, weather-resistant, and show excellent resistance to attacl<
by oxygen and ozone.

hypalon 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 itis
asoused 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. Itis 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.

hypalon 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
butgrowing application is in vulcanised wire covering with very good electrical
properties, excellent heat-ageing resistance, and good low-temperature
flexibility.

hypalon 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 resisLce to low-temperature brittleness while providing the same
low-friction property to the dry film.
Compounding Ingredients

A tvDical vuicanisable 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 is
accelerator These will be descnbed first because the curing of HYPALON
involves substantially different chemistry from other elastomers.

Table 5 : A typical CSM compound

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 %
6. Paraffin wax Process aid 3
7. Sulphur Vulcanising agent 1
g, Tetramethylthiuram disulphide Accelerator for 7 2

Acid Acceptor/Activator

The choice of acid acceptor will depend on the vulcanising agent used
and the functional requirements of the vulcanisate. The main functions ofa
acid acceptor are to act as a heat stabiliser, to absorb acid by-products d
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 nau
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.

ProcessingAids

Stearic acid and stearates are effective release agents but should not
beused in litharge-containing compound in which they reduce scorch safety.
Zincstearate should be avoided in compounds designed for heat resistance
or vieatherability. 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
CSMthat do not affect scorch safety in litharge-containing compounds, or
theeffectiveness of maleimide cures.

Curatives

Many types of curing processes are available with CSM elastomers
andsome are effective regardless ofthe level of chlorine in the elastomer and
discussed hereunder.
lonic Cures

lonic cures of CSM are possible when the acid acceptor is a divalent
6 aioxide. lonic 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. lonic 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 usefu
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 nmost
aoDlications for CSM make use of this type of curing. Three different systems
are commonly used - sulphur cures, which give the widest choice o
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
resuitfrom the low-temperature moisture curing of a compound such as shoan
in Table 6. Practical cures can also be achieved in hot water Although tie
cure rate is slow, it is very convenient since it allows wire insulation to aure
while the wire is on the reel. Typically, insulation is cured in this way by
standing the reels in a steam room orimmersing them in a tank of hot water
Fora comparison, itwould 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 sicH
as triallyi cyanurate is added to improve the effectiveness of the 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



torand 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 setand to heat ageing. Unlike peroxide cures, maleimide cures
re relatively insensitive to type and proportion of plasticiser. Although the
maleimide 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-temperature moisture cure of CSM

hypalon 40 100
Magnesia 10
Pentaerythritol 3
Mineral fillers 100
Plasticisers 35
TETRONEA 2

Stress/strain properties* of 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
preventcontact-sticking and distortion of wire covering while it is being cured
Ofthe 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
sothat 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.
Mill-Mixing

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 mH 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.

Internal Mixing

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 1-1/2to
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 compound
under cool, dry conditions, and to rotate the inventory so thatcompounds 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 rubbw
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.

Exruded parts can be cured in zero-pressure steam, hot-air ovens,
Iru fluidised bed, CV, and by microwave. Curing with ionising radiation is
aso 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
thanthe 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
HYPALONand 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 highertemperatures,
100-150°C (212-302°F), with the easier-processing compounds from
HYPALON 623 being calendered at the lower end of this temperature range.

PROPERTIESAND PERFORMANCE

CSMis classified as a specialty synthetic rubber, with a “DE" rating in
the mheat-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, itis colour-stable and highly weather-
resistant.

Oil-resistance and Low-temperature Properties

Theoil-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

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

Bestflame 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 isfrequently 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

Hour to 100% elongation at break

Fig. 1 : The thermal limits for practical performance of CSM vulcanisates

Weather Resistance

When suitably compounded with protective pigments, CSM vulcanisates
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

qronth
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 resistantto degradation caused by exposure
tocorrosive 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
toswelling in those solvents rather than to any chemical degradation caused
bythe 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; highertemperatures 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
lowat room temperature to measure on a Yerzley Oscillograph.
Applications
Industrial Uses
Two areas in which CSM has proven advantages are in "
electrical applications. Inthe hose industry, CSM is particularly use
O its oil and chemical resistance, its outstanding ozone an
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 with 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, al,
and heat make CSM a clear choice for high-quality wire applications.

Table 7 : CSM chemical resistance guide

Chemicals Rating*

Acids, mineral

Acids, organic
Alcohols

AjjJehydes

40% fomialdehyde
Alkalis, caustic

Aniline

Aromatic solvents
ASTM OitNo.1

ASTM Qil No, 3

ASTM Reference fuel A
ASTM Reference fuel C
Asphalt

Chlorinated solvents

>w>»0w>»>0 > > >

Esters
Ethers
Gasoline

O o 0 wOo

Iy

Hydrogen peroxide

> > w

Inorganic salts
Ketones

®
o]

Triethanolamine

>

Wear

>

«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.
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Construction Uses

Considerable usage of CSM in reservior-liner constmction has resulted
from acombination 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.

Inan alterative construction method, colourable weather resistant roof
surfaces of HYPALON are prepared by roller coating HYPALON paint over a
neoprene base.

flliscellaneous Applications

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,
itis 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 itis upto 20 years
and 5 years at 300°F, Silicone rubber is the best available flexible
A tical insulation as it retains its dielectric strength, power factor and
® | 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
nat 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-
entryvehicles which are exposed to very high temperatures can be protected
with shields made of such materials.

typesof silicone rubber

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
isabout 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
givelow 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 at-
150x. 'Bonding pastes' or rubbers with paste-like consistency are formulated
froman 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 rbberjnix 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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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
isabout 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 lowcompression-set rubbers. By incorporating one boron atom per 300-
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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 at-
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form of a paste, to which all desired chemicals have been added, is
~eated to make It elastic; when it is set, it also takes on the require  orm)



almost exclusively at room temperature, they are now available ma range
viscosities as thin fluids or thixotropic pastes (whose viscosities can be lonerai
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 usedin
heat-cured silicone rubber and RTV is the length of the polymer chain. Tre
average polymer for heat-cured rubber has around 7000 silicon units inte
chain while the average RTV polymer has around 1000 units.

Silicone rubber can be bonded to many materials, including metas
The surface phenomena of silicones not being fully understood, the sdence
of binding silicone to a substrate is mixed with a good deal of empirical at

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 &
they need less maintenance and prove economical in the long run. A mgar
consumer of this speciality rubber is the aircraft and aerospace industry. Itis
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 fo
doors, windows, turrets, switch boot covers, vibration dampers, for seding
cavities and junctions for environmental protection, for bonding and seding
aircraft components exposed to fuels and oils and as groove injection sedants
for aircraft fuel tanks. Silicone rubber can withstand temperatures upto 9000F
(5000°C) for several minutes while still retaining good insulation properties
The superior ablation characteristics thus enable its use in the coatingd
rocket fuel valves, supply cables and silo doors for protection from rode
blast.

The automotive field is currently showing the maximum growth forte
use of silicone rubber. A critical application of silicone rubber bonded o
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 Ire
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. Itis 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-particle bamer For calculators and adding machine keyboards it eliminates
corrosion and makes bounceless contact possible, minimising electrical noise
anddouble 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
helpsto 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
forthis 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
replicafor moulding the jaw in the manufacture of dentures. The combination



of low levels of haemolysis (loss of haemoglobin for red blood cells) with tlie
high rate of gas permeability makes silicone rubber membrane an ideal gas
transfer material in blood oxygenators.

Silicone rubberis 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 hottin over tin plate steel. Its release properties
find application in coatings on release paper and parts of 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 of 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 inthe
hottest and flexibility in the coldest of climates makes it ideal for the building
industry to caulk joints of 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) 40 yers

121X (250°F) 10-20 years
150"C (300“F) 5-10 years
200X (392"F) 2-5 years
250X (481*F} 3 months
315'C {600°F) 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



fidveofthe earth's crust. The abundance of SiO, is one reason for the favouarble
trend inthe 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
doductsare produced, some ofwhich 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 gj
Ttimelhylchlorosilane

Methyldichlorosilane

Dimethylchlorosilane 3j

TrichIMosilane 32

Both the methyltrichlorosilane and trimethyl monochlorosilane must be
reduced from per cent levels to low ppm levels either by distillation or
subseguent purification steps. The trimethylchlorosilane is a chain-stopper
ad affects the molecular weight of 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
lineer polymers and low molecular-weight cyclics.

Mej-SiCI* + HAO— HO(M8jSiO),H + (Me~SiO)™ + HCI
The hydrolysate was originally polymerised to high molecular-weight
withacid 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

30 P°lyhier normally used in dimethylsilicone rubber varies from
4Xing, ° 'h molecular-weight. This corresponds to a viscosity of
aredls 4000-11,000 silicon atoms per molecule. There
F0o0° h '?7"A*fAhCtional groups per molecule as chain-stopper, or 180-
*heleveT One can then see how relatively small variations in

eml, ° ""9iri-stopper can lead to large variations in molecular weight and
larger variations in viscosity.

"ling i f ihipurity in dimethyldichlorosilane which increases the cross-
~dcomo ®A"AM|AM'0"Osilane. 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 below-60T. However,

the low temperature flexibility may be improved by substitution of phery

C HTqroups for some of the methyl groups attached to the silicon atomsi,
he'pim er chain as shwon in Table 3. Replacement o only 5% of the
rnethyl groups by phenyl groups will lower the c”sta hsation temperature
and extend the useful service temperature range to below -130 F.

Table 3 : Types of silicone polymers

Classification Uses Basic Polymer Units
The first silicone polymer rH3
-ii 0
_CH,
CH,
The first low-
temperature copolymer bl| [} -SI 0-
J
|
CH, J . _C6H,
MVQ Low-compression-set CH, " ClH =
copolymer S0 mm S o
1
CH, _ . Len,
cH CH=CH;
The first_high-strength Y I
o feinpefaid - s Si-0- "51'—0—
terpolymer 1 1
oH, CH, CH,
CH, CH= CHj"

FVQ Oil-resistant polymer JRCYRN § D—
1

]
CHACHjCFj~ CH,



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

w1 acetone and diesters. Figure 1 compares neoprene rubber, methyl

t nerubber 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
offluorosilicones drops down again to less than 25%.

*

Solubility parameter
Fig. 1 : Variation of volume swell with solubility parameter

VULCANISATION

Silicon rubber compounds are normally heat-cured in the presence of
oneof 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,
thecure mechanism shown in Figure 2 has been fairly well established.

Itisapparent that these reactions could produce no more than 1 mole
chemical cross-links per mole of peroxide. The hydrogen abstrachon
« 0 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 of diaroyl peroxide. The above ratio decreases as the levels
diaroyl peroxide Is increased. This corresponds to a chemical cross-lint
density of 0.7-0.? 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 : Organic peroxides used for silicone rubber vulcanisation

Temperalure, “FfeT"
Peroxide half-life = 1 minule

Bis (2.4-dichtoroben2oyl) peroxide
Dhbienzoyi peroxide

Di-cumyi peroxide

2. 5-dimethyl -2,5-bis (t-bu(yl peroxy) hexne

gE8Ny

Di-tertiary butyl peroxide

ROOR -» 2R0-
CH3 CH,
—S|I—O— + ROH
|
CH,
CH3
|
|
CH,
CH~ CH,
-Si-0 - '
1 |
CH, CH3

Fig. 2 : Peroxide cure mechanism for 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-ifil* 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
(-butyl peroxy) are usually considered to be "vinyl-specific" in that they will
givegood 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.

1 ROOR 2RO-
2 CH3 CH3

—Si—0 — + RO* ->

CH *CH
Il 1
CH, CHjOR
CH3 CH3
1 1
1 1
C}H, CH, + RO-
CHjOR CH,
1 1
*CH, CH,
i
—Si—0—
1
CH3 CH3

Repetition of step 2 followed eventually by termination.

~19. 3 : Peroxide cure mechanism for methyl vinyl slloxanes
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Table 6 : Cross-linking efficiency-polydimethylcomethylvinylsiloxane (Vi/Si =
0.0026)
Moles Moles Moles
chemical chemical chemical
% Peroxide cross-links/ cross-links/ crosslinks;
i (optimum 1000 mole mole vinyl
Peroxide mlevel) moles Si peroxide
2.5-dimethyl -2.5-6/s 0.315 2.4 32 0.9
(I-butyl peroxy)
hexane
Dicumyl peroxide 0.315 24 3.0 09
Di-t-butyi peroxide 0.21 33 2.4 09
H Peroxide

Fig. 4 : Variation of chemical cross-link density with peroxide concentration

Figure 5, gives more insight into the effect of vinyl on wulcanisate
properties. When the vinyl level is zero, using 1.95 « 10”*moles of bis (24
dichlorobenzoyl) peroxide/g polymer, 0.44 moles cross-links per 1000 noes
Si inthe 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 itcan 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. Itis, 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, inturn, lea m



tendency to revert in curing or during post-bake processing. By
I the vinyl level and the type and level of peroxide catalyst, the
e rebbion set at elevated tennperatures can be minimised.
Vulcanisation rate is conveniently studied by means of the Monsanto
meter and 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™xd disi< 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
considered as relative cross-link densities.

Fig. 5 : Variation of chemical cross-link density with vinyl level and
concentration of bis (2,4-dichlorobenzoyl) 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
differenttemperatures 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. rigures 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 ata w
Pr. and at a temperature of 230°F, the induction period is 2 minutes. 1 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 aure
is required to obtain ttie lowest compression set. In order to obtain full curein
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 times for cure with various psroxidas

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
fhiendable bases plus selected additives for enhanced properties such as
A at ageing, flame retardancy, and oil resistance as virell as processing aids

20 21 22 23 ~24 2) 2
Fig. 8 : Time to full"8uf#vM)t) various peroxides

“einforcing Fillers
Thefumed process silicas reinforce silicone polymer to a greater extent
TOnany 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 it
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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Semi-reinforcing or 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 ofthem 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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icacid and 2,4-dichlorobenzene) vdatilise relattvety stowty, at
d,\cprilog)rl%eir;zlt(): A "dfT,peratures; and, consequent, compounds containing
! without external pressure, provided that air removal and
(i*pe {e.g., by extrusion or calendering) prior to the
Q,g of the main uses of this peroxide involves hoi

~lanisation of extmsions in a few seconds at temperature of 600-800T.
A

|, may ~
(onning ha"

sithnuah this peroxide may be used for moulding, ithas some undesirabte
Since it starts cross-linking at an appreciable rate as low as 2QQT.
features"® 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
"!MMrading the intenor of the part. The peroxide may be used for steam
,» Moclaves and in continuous-steam vulcanisers. However, benzoyl
“ ™ de is more desirable, particularly in the latter case, because of its
S e curetemperature (240-270"F). With benzoyl peroxide, there is less
Sdencv for the compound to scorch in the dies when exuding at high
intoa 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
berzoyl peroxide. The only exception is in the very thin sections "
tower"oating fabrics from solvent dispersions of
benzoyl peroxide is nearly always used because it has
dptanks, and because it is not volatilised from the rubber dunng the solvent-
removal operation prior to cure.

"“lved m
"bberJn the Mse®

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.

Unlikethe 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.

Allthere "vinyl-specific" peroxides are good for
withdicumyl being less preferable due to a slight tendency
thesame manner as benzoy! peroxide. In addition, dicumy p
somewhat less volatile decomposition products
ilimethylbenzyl alcohol) than do the other two.
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.

, external
, -gfoven
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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,
«estepped programme post-bakes are not necessary. Lower compression

S areobtained 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
aproblem; and the innocuous decomposition products can be removed by
shait, high-temperature oven post-bakes. This peroxide also produces a rubber
#th the best overall balance of properties. Its main deficiency lies in its
extreme volatility, A stock must be moulded with external pressure shortly
afterthe 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
atroomtemperature. In fact, it can be added to a compound 1to 2 months
before vulcanisation. However, external pressure is still required during cure
dueto the volatility of the decomposition products.

COMPOUNDING

Avery extensive body of compounding information that has resulted in
compounds, bases and formulations with which the fabricator can meet well
overa 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
dy, 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
natureof the silica fillers creates an undesirable work atomosphere. However,

t'raroll mills are excellent for colouring, catalysing, and preforming some of
thefirmer 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 ifthe compound has been aged at higher temperatures. Itis
Hbv the formation of hydrogen bounds between the hydroxyl groups of
AANFRR NG the hydrBxYT §rsip 8PBXIGEIT atoms of the polymer Two factors
reduced the amount of structuring that occurs in the current silicone
"Nmoounds first, the hydroxyls on the polymer are keptto 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
orfor 3long 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
ladng can be, but usually are not, encountered). As the milling continues,
(lienip 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
setfairly loose and gradually tightened. This procedure, combined with the
proper amount of stock on ttie mill (slight bank), minimises air entrapment
duing further milling and blending. After a smooth sheet has formed on the
fastrol, 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
geenstrength, and becomes sticky and hard to handle. Stock must not be
dlonedtowarm 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
folowing fabncation procedures.

Moulding

Compression and transfer moulding are the mostwidely used methods
formoulding silicone rubber parts However, large-volume applications, inthe
automotive industry for spark-plug boots and in the health-care industry for
catheters, are resulting in a large grovrth for injection moulding. Compression
andtransfer mouldings are run at pressures of 800-3000 psi and temperatures
0f220-370°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. Ifthe temperature of the mould increases
afterrepeated moulding, the temperature of platens has to be decreased to
prevent scorching. The speed of mould closing has to be adjusted to allow
“ myplete 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
insize ifthe 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 affectedty
anumber of factors, but primarily that the linear thermal expansion of siica,5
rubber is 17-20 times that of steel and about 2 times that of organic ruber
The shrinkage is, therefore, largely dependent on the temperature ofte
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, ad
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. Intis
process, heavy-walled parts are usually made because of the variation inaal
thickness.

Prehardened stainless steel is recommended for the moulds with
chromium plating, also used where a high finish is desired and where te
undercuts are minimal. Assistance in mould design is available from tre
basic silicone rubber suppliers. Silicone mould-release agents are unslitable
for use with silicone rubber Household-detergent water solutions of 0 520%
are recommended for spray or brush applications to the mould. A thin layg
is preferred to avoid build up on the mould.

Extrusion

Gaskets, tubing, tape, wire and cable, seals, rods, channels, and hosss
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, honever,
the low green strength and decomposition temperature of the peroxide axirg
agent must be cbnsidered.

Typical extruders have screws with a length-to-diameter ratio of 1010
12/1 although shorter screws are sometimes used. A single flight screwis
usually used but sometimes a second flight is added near the discharge!®
minimise the pulsating of the extrusion. The screw has a compression raV/
of 2/1 for harder stocks, and up to 4/1 for stickier stocks, or when les
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, usiig



nhardened equipment. Both ttie barrel and screw should also be water-
cooled to prevent scorch.

To prevent feeding problems, aroller feed is usually used. The rolleris
(aj froma"har (coiled strips of compound) or from strips removed from an in-
housemill. 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
extrusions. A fine mesh is backed by a coarser backing screen. This assembly
increases the back pressure that ensures air removal and better dimensional
contral. The finer screens will give cleaner extrusions, butwill slow production
andwill-have to be changed more often. Usually the screens are not cleaned
butare discarded after removal.

Afront 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
openingis 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
aresmaller. 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.

Informing 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
wvulcanisation is very common and the catalyst is b/s-(2,4-dicholrobenzoyl)
peroxide. Other catalysts are too volatile and cause bubbling in the extrudate
andlead to undercure due to loss of catalyst. Two types of hot-air vulcanisation
Jrepossible - vertical and horizontal. In the horizontal type, the extrudate is
ladon 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



. =ir vulcanisation can be used to cure wire and cable
Although hrt-airj*c vulcanisation is usually used because itis much
insulation, continuous steam pg~oxide is preferred

fasterwith speeds uptot. scorching. Continuous-steam
,0 2,4-dIchloroben oyl pe o“de”to ,»"p,icated. Other less

Tpe oTvS are steam autoclave vulcanisation, ho,-li<,u,
a fc n and fluidised-bed vulcanisation.

Calenderin X unsupported silicone rubber are produced o
Contin%ousthln stots ot'] pSP P a3

a with a4-roll calender The resulting product gets its

gﬁlgﬁ&%r rér%ntﬁgtlf‘a%r cand [_J,#%%led good electrical properties and

TocTssed atso ~ r Speeds than organic rubber The range of 0,2 to 2 feet
per rfnute A bestforthe start-up until even release from the ro s ,s assured
Ini running speeds are generally around 5 to 10 feet per minute

Silicone rubber is often calendered onto fabrics such as g'ass iiylon,
arom atic 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.

Atypical 4-roll calendering set-up is shwon in Figure 9, An extruder o
aram 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 O
facilitate transfer, the temperature must be I<ept below 130”F in order to
prevent scorching. Ifthe silicone rubber is unsupported, the fabric is replaced
with a liner Poyester film, holland cloth, polyethylene and release-coated
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 cutit
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
9is 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.



Fabric
FeedRoll

l.tncr
feed roll

Fig 9 : Schematic diagram of set-up for calendering supported sheet

Dispersion Coating of Fabric

Thistechnique of fabric coating permits thinner coatings and provides
more through penetration of the fabric than does calendering. A thin co”
froma 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 wfith thicler coatings. Silicone rubber can also
bedispersion-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
ofsoft, 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 fabricators pan .

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.

A

The coating pastes are readily dispersed with a P"°Pe'ler mM
Compounds containing reinforcing fillers should be freshen
thin, cutinto small pieces, and soaked overnight in
cover the compound. The mixture should then be stirred with PP
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 bestto add
crystalline benzoy! 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 ovenor
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

A "Aich rotates in
peStion 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-melqging



® Hrv sand core. Aluminium mandrels are widely used, butrelease
,,Jovorafoun<™V sa™ A problem. The mandrel should be sprayed or

"“"with adW e aqueous solution of household detergent or dusted with
mcaor

The
"bbersheets are

s N mBEOEwWorKs be st for straignt sections ot hose. Silicone

ped around the mandrel to the desired thickness. Itis

construction if the mandrel is turned on a

easierto 9® ® '9 M N hose may be made by butt-wrapping uncured tape or
‘A"t rh e mandrel or by using extruded and cured tubing.

sheeton n a low-tmperature-

Formorecomplexsha’s 3

and ?Ji°erature deptd upon

,hehose assembly. F°"* 'X T hrL s e X is still warm The release
and the mandrel

is oven post-baked. Ifa core of a
agentshould 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,
upto release the cured hose.
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silicone rubber and other elastomers. bonded.
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Metal surfaces
methvlene chloride oi

In all cases, itis essential to
Metal surfaces containing loose scales, oxi
dirt should be sandblasted, sandpapered
should be cleaned with a solvent sue
trichloroethylene. Some surfaces, such as p
should be roughened with abrasives. It helps
before application of the primer,
brushing, dipping or spraying. If the bond is
may be too thick or the pnmer solution may
also try several primers to find the one best suiteca
being bonded.

surface with acetont
Ajilute solution b’
the layer of prime
‘,.ated. One ma
narticular material



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., SIOVe)
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 tie
alkoxysilanes usually takes place within 60 minutes of the time the primeris
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 1530
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 asto
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 i
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
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LIQUID SILICONE RUBBER COMPOUNDS . 0w have a

The silicone rubber polymers we have
common formula with the polymers in liquid silicone rubbers

CH, CH.

Si-o -Si-x
1 1
CH, CH)

However, while n = 200-1500 for  "*s”po°[iquW silicone rubber,
3000-11,000 tor the conventional silicone rub  * typically hydroxy,
the chaln-stopper X depends “V A~ ififo trures
vinyl or methoxy. For the conventional si
is typically methyl or vinyl. The liquid
historically been called room -temperalure
group does contain some compounds whic

compounds have
, ,3,ng(RTV) rubber, but the
vulcanised at higl"



temperature. Indeed, tlie high-temperature-addition-cure liquid systemshave 1
acombination 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
silicone mbber. The production of liquid silicone rubbers requires careful quality
control if the material is notto 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

I Me n Y ' A
1 | Me Y
HO- -Si—0- _H + MeSi (Y),— -MeSi 0 —Sj -0- — Si—Me
J
1
vV Me 1 Y Me Ay

2. Reaction during cure

|
2—SiY +2H,0 >

2-SI1Y +H,0 ->-SiOH
| |



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

futylarine tra | graupT»
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| .
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avinyl containing silicone polynier. Vinyl on

reactive than vinyl on the chain. The catalystis u y n
alltiQugh palladium, rhodium and ruthenium are n

f “ ",V e polymeris more
N

-SI-H +CH,=CHS i-4-CH-CH-SH -



The reaction is exothermic, but the concentration of reactive groupsis
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»ristreated to produce a plastic material which can be easily processed,
Ic o nred and vulcanised without the addition of either natural or synthe ic
hhers |Us recognised that the vulcanisation process is not truly reversible:
Tot er an 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
wom out tyres, tubes and other used rubber articles
agents A substantial devulcanisation or regeneration
cLpcund ,nthis process whereby its cnginal plasticity
itr*ay be stated that reclaiming is essentially a depo'V™ Aton #
wherethe combined sulphur is not removed. The

"ranfor
the manufacture of rubber goods, with or without admix
synthetic rubber.

Recycled rubbercan be more generally described N as
weste 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 ((nife

the rubber scrap by soaking the rubber inwater, 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

Avariety of grades or reclaimed rubber is offered today, but mentionis
made here of only the important ones.

Whole Tyre Reclaim

Whole tyre reclaim is the one produced in the largest quantity. Frst-
quality reclaim made from whole tyres contains about 45% rubber hydrocarbon
by weight. The remaining 55% consists of valuable carbon black, a lite
mineral filler, and softeners, all of which are substantially unchanged bythe
reclaim manufacturing operation, and may be considered to function aswrgn
materials. The manufacturing process of tyre from reclaim rubber is shownin *
Figure 1.

Coarse *nd |

Fiber separation
fine grind

Digester Heater or
rcclaimator or
dynamic devujcanisation

Washing

diyer

Miilioom

Fig. 1 ; Flow diagram of manufacturing process for 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 o
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™ frang been successfully produced from scrap

other speciality rubbers, the only one of substantial
.g butyl reclaim. The starting material for this is butyl

ter process is adopted, every precaution being
contUinaton by NR or SBR, because of their adverse effect
tests are necessary

the=~9 " rin g properties are satisfactory. The nerve of butyl reclaim
" " 'f Hured oorripafed with that of the original polymer Because ofthis,

R NBR- SI, a
commercial n

,3ento avo'd

"ATLugh the acid
Si;;icho"int rgLng”
were coming on the market many types of g

_ method. If the
bicylcle-tyre scrap, that could not

hapsh
high quantities of free sulphur in such type process
they tend to cause further vulcan|sat|ondurlngtheopenste"/‘

rather than devulcanisation. Something better wa

Abreakthrou9l\came vifith the invention
aW d/gesfer process. The ground ™"®j
cSusltc s"o3arwe're cooked at high pressure
caused the defibring, desulphuring and type of rubber
silin one step. This technique could be n A Ahich involved

scrap available at that time. Later, on an '7P™"A33/7develcped. This is
steam-jacketing the vessel and agitation of the
the cooking method used by most reclaimers.

,g"goirtjon of
bout 20 hours. This system
A ttie rubber scrap

wiNMpPNts

In the devulcanisation of ° quality of

of mill used to produce a much more smooth an 9
would othemise be possible, The*"® '*~ g
remove foreign matter from the rubber. With the e
reclaimator.

tion of invention of the
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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 two®
roll cracker installation; however, in most cases they have not been provento
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 beltwire. 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 ar
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

Lril<= t compounded, and revulcanised The
‘“«P°ly”erisafon, Reclaimed rubber has become
weidely accepted as a raw material which possesses processing and

The raw material for reclaiming is scrao rubhor m »
forms, but tyres, as is to be expected' form mArq'an.rr

The first stage, in all processes, are the cracking and arindinn nf the
scrap rubber to reduce itto a crumb passing through a 20 to ao mesh Lreen.



n/aes<el-P«>cess
rie time, most reclaim was made using ttie digester process, A
, sessentially 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,
thusenabling 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
isthen '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
tothe 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 millsjust as is done in other rec ai
methods

It can be shown that ground vulcanised rubber heated in a
krange of 120-200X undergoes 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 : Plasticity time curve for rubber In steam at 170°C: note that tiie more
plastic the material, the lower the Williams plasticity value because it is ths
pellet thickness after compression

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“nr 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 rubberw 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 crib
previously mixed with oil and chemicals is automatically fed a7a predetlrr*~d
rata It generates its own heat for depolymerisation by mechani4tvZk'nq
the finely divided rubber crumb under pressure, and then discharoes it as

T



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
Alich avitv tables are used. The reclaimed rubber is compounded
joialion, ana 9 sheeted using conventional machines. The full
jsnecessaj™n 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
flin ts rolled into the vessel. The main consideration ,sto allow an even
“ e X of heatin the mass of rubber. To achieve this uniform stearn
S ra on shallow pans or boats equipped with hollow metal pipes or inverted
T ~ons 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
asforwhole 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

o 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 ""rbonlsed 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 of Reclaimed 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, ne
ofaxcellent*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 ofwa”
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

Acetone extract Carbon
black content

Ash content and composition

Total polymer content and
composition

Chtorotorm ertraci

E('e"t‘ﬂgsee content
Acidity or alkalinity

procels bnf
cootono T
“camth ~|"

Physical

Visual inspection for smoothness andfreedMTT~
from metal conlamination

Plasticity

Specific gravity

Rate of vulcanisation

Physical tests on the vulcan.sed reclaim

" Anati
an@ hardness) slo”astion, tear strenglh.

Staining characteristics
Colour and odour
Extrusion rate
incorporation characteristics

>6 problems of the digester
" " satisfactory method for
v “*rsatisfactory for whole tyre

reclaim, the cooked mass IS much too non-uniform.

of the dto”sterTnd

shaft dtwnt axis nn wh
When the Shaft is rotated,

‘e best features

A

drying; there is no water pollution The steam biowHn
treated in some other way to avoid ai pol,“rb rh iT r*'

problem than with the digester process Since ttlereil*n

A

wash cycle, the scrap tyres can™egroundm uch ~io rth rt*"Th,:

fine-ground rubber allows a much more uniform-distribution of thA r

A

p

chemicals used in the process and results in a higher-quality product



H amicdevulcaniser enables a higher-quality productand also a
T *!1 ®1 gpg The finer particles of rubber and its continuous agitation

~oreeconomi p~ggg”res and shorter cycles. The greater unifomnity of
allows 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
Jk 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. Itis then fed to
r gh-fnction breaker mill and on to the strainerwhere tramp metal and other
o In particles are removed. The final milling step is the finishing refiner. A
hiahfriction ratio for the refiner mill is achieved with different-size rolls turning
atconsiderably different speeds. The rolls are set quite tightly to A *hin
sheet of rubber. The object is a product that is smooth, uniform, and free o
grainor lumps.

Inthe past, the finished sheet from the refiner was A w'hup
drumand allowed to build up to a thickness of perhaps an n
cutoff by hand with a small knife. The resulfing rubber slab was Ousted *nd
stacked. Today most reclaim manufacturers use balers to package their
product.

THEADVANTAGES 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
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.

.prlairried

Special strengths Through Reclaiming

Whole-tyre reclaim is extremely uniform due to

19
that occurs at every step of the manufactring process. modified
bestconsidered as a unique new raw material rather man
SBR/natural blend. Just like any other ingredient chosen y AA35
tobe incorporated into a formula, the raw material -
its specific purposes. The purpose of reducing
certainly a legitimate one; however, thereareo t h e r , hutreal

ina formula that will result in processing advantages and
Savings.



When the vulcanised tyre rubber is reclaimed, itis softened througha
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 ISvulcanised. 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 alower
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
inthe 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 a,
inthe 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



part of the 8V8F§“ gfoss»linked system. However, rtis unreal.sttc to

nS °P rr=,in the same when reclaim is added. The optimum

wre syslenn must be * proporlions of virgm rubber
Lev(tienevercha g Aer, and energy-consumption savings
sodABdUAR Rl 13T ed Tutsh&rke buta partof the total benefit of its use.

Tuese savings are accrue to our society as a whole. They
aspects to the use o<f hundreds of people inthe reclaim industry and the

Sde the®'"P'°AAT2ALrs”[ora”L . They also includethe conservaton
alleviation of

conservation of the energy required to convert
ofpetrochemical "*3'A'™ « rubber and conservation of the foreign

SnTern”"dedCpay for imported oil, a large proportion of the
“rochemicals' source.

road tyres
Tubeless passenger-tyre innerliner
ii. Innertubes
iv. Semipneumatic tyres
Automotive floor mats
Vi. Mechanical goods
Adhesive, sealing, and tape compounds

vii. Rubberised asphalt. n invarious application!

aregiven below-
iiitnmnhilp floor mat

NIIUUKK
Ingredients A 250.00
Whole tyre premix 70.00
SBR1712 200
Zinc oxide 200
Stearic acid 2.30
Benzothiazyl disulphide 0,56

Methyl zimate 5-00
Sulphur 70,00
Hard clay



Calcium carbonate
Austin black

Process oil
Cureat316“F-6 min

Semi'penumatic tyre

Whoie-tyre premtx
SBR1&49

Hard day

Whiting

Mineral rubber
Tactcifter

Zinc oxide

Stearic add
Antioxidant
Sulphur

N-tert-butyi-2-benzothiazole
sulphenamide

Tetramethyilhiuram
disulptiide

30-mesh ground rubber
Aromatic process oil

Cure at 350"-7 min

Butyl inner tube

Butyi 218

Butyi reclaim

Paraffinic plasticiser

Zinc oxide
Tetramethyilhiuram disulphide
Mercaplobenzothia2ole
Sulphur

N-660 carbon blaci®

Cure at 340°F-5 min

85.00
95.00
20.00

170.00
98.00
150,00
50.00
20.00
15.00
3.00
3.00
0.50
6,00

2.00

0.40
10.00
20.00

81.00
25,00
20 00
5.00
100
0.50
1.75
60,00



innerlin®!"

50.00
35.00
SBRISOO 30.00
Buty reclaim 150
Stearic acid 30.00
N_660 carbon black 60-00
Dixie clay 5.00
piccopale 100 10-00
Austin black 16.00
parafflnic process oil 3.00
Zinc oxide 0,25
TeUamethylthiuramdisulpwde
0.25
Cureat350T-1Smin
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 at350"F-ISmin

RUBBERISED ASPHALT

can be traced back to
The concept of using rubbers to

~en asphalt became a
the very early days of "reSes
basic construction material. Many w A
beentried. Inthe earliestwork 'a"'®® polymers. The concept of u"ng
were evaluated along with dry forms of gignd technically
recycled rubber began to emerge as an ec

A-onibinations of asphalt
method for enhancing asphalt P*OP@"'®. . ,.ious paving applications,
and rubbers have been found to have utility mvanou



The incentive for asphalt modification derives from the extrem
temperature sensitivity of asphalt. The viscosity of asphalt wiill change grsat!
between 10° and 50°C. Moreover, at room temperature and above, nmost
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.
ii. Stress-absorbing membrane.

iv. Jointand 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 "As"branes (SAM) or seal coat, the asphalt-rubber
then hinntr P 'f ‘he asphalt, adding a diluent, if required, and
ThTnrn? 1t the rubber components at 350" to 425“F (175" to 220“C).

total K Th» of 20-25% by weight of the
toal blend The resultlng asphalt-rubber mixutre is then sprayed on the road

surface using a pressure-type bituminous-distributor truck The aoDlication

S' MW ‘tS @ [ ~bb* bW,

In stress-absorbing membrane inner layers (SAMI) applications the
preparation and installation of the asphalt-rubber systemis S ca i tn he
system used for stress-absorbing membranes (SAM). Honeverthe Si\tton
rate may be somewhat higher, e.g., up to 1.0 gallons per square yardtte r



1-dcinches of asphalt

-prepared jointsealers

ucvun-an.ced rubberinto asphalt

cent. Joint sealers may also be

se in the field.

;»ta actory and prepacKaycu use In AL

me use ofrecycled rubberin paving applications provides
®""'~?lising a material that is otherwise discared and, m addition,

;::S.hJfollowingadvantages-

', Reduction inreflective cracking , =

waterproofing the paving stnicture and thus preventng waterinfiM on

“m base Of the paving structure

Less tendency for rutting, shoving, and bleeding

= Reduction in spalling of asphaltic concrete around pot holes and
large cracks
Loer paving-maintenance costs
Lower total life-cycle costs.
R E «

OKOFWASTERUBBERFRO” LATEX BASEDRUBBER

"N a tio n ofahigherperce”

(WLR) is due to the

W aste condom is used as the starting material. The reclaim g g

usedis activated pentachlorothiophenol. s mil mill
The waste rubber is

InadAm-An
(60-90"C) to a size of about40 mesh The Pow reclaiming agent
10 partsbyweightofnaphthenic oil air oven at different

inacold mill. The resulting compound The extentofdegradation

temperatures (80-140“C) for dtfferentpenods of ma
ISassessed by measuring the W allace plasticity of the treate
results are given in Table 2. uui
Characterisation of Reclaimed Waste Latex Rubber (™1k)
Characteristics like volatile matter, ash

“ N°as%r 1S 6306-
rubber hydrocarbon of the reclaimed W LR are de

1971. Results are given in Table 3. FOrcomparison, , N aregivenin
parameters for W hole Tyre Reclaim (W TR) are determined and are g

fo,-the above

thesame table.



Table 2 : Effect of dosage of reclaiming agent, temperature and time of heatin

on plasticity n
Sl. Dosage of Tempe- Heating time Heatingan
No. reclaiming rature 30 minutes 60 minutes
agent (%) (X) Po 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. [Xele} 100 49 53
9. 0.00 120 96 90
10. 0.25 120 66 60
11 0.50 120 60 -
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. 000 140 80 64
18. 0.25 140 a4 26
19. 0.50 140 a1 19
20 1.00 140 24 12

Table 3 : Characterisation of reclaim

Reclaimed
WLR
Volatile matter (%) 001 0 60
Acetone extract (%) 15,54 12,97
Ash content (%) 2,40 7.93

Carbon black {%) 30.49
Rubber hydrocarbon < 48.01



ossing and technological properties of compound containing

is evaluated
ofw TR

in con:iparison with compound containing
Forthis 3 tread compounds are prepared as per

equivalent 4 xhe properties ofthese compounds are evaluated as
unnulaS™®" " aSTM test methods. The test results are given in Table 5.
P relevant

evaluation, 3tread compounds as described earlier

“'~pared again and used forretreading cartyres forassessing the service

performance.
Table 4 ; Compounding
1
inqtedients
100
[liatufal rubbers (RSS.I)
RedaimedWLR
Wholetyre reclaim (WTR)
5
2nc oxide
2
Steanc acid 3
Phenyl-P-napWhylamine
N- (1, 3dimethyl butyl) -N* i
Phenyl p-phenylene diamine
HAF black (N 330) 50
5
Aromatic oil
N-cyciohexyi-2-benzothiazyl
0.6
suiphonamide
Sulphur 25

The effectofdosage of activated

and time of heating on the extent of degradation as
areshown in Table 2. Results show thatthe extent

with increase in the dosage of reclaiming agent,

heating. The reclaimed material is found to

When the Po value is in the range of 25-30 So n
which resulted in reclaimed rubbers having plasticity
selected as the optimum conditions for reclaiming”

by weight

80.0
24.4

5.0
2.0
1,0

10
50.0
5.0

0.6
2.5

[.ps

41.6
5.0
2.0
1.0

1.0
50.0
5.0

06
25

bTplSinty A
increases
of

nNiH
conditions
25-3Q, are

ults in Table

2.itis seen that the following conditions are suitable for reclaim ng

1

Reclaiming agent 0.25% and heating at 140 C for60 m

Reclaiming agent 1% and heating at 140°C for 30 minu es”



Technology of Rubberand Rubber Goods Industries

Inthe present studies, the firstsetofconditions was selected for further
trails.

The comcosition of reclaimed W LR as shown in Table 3 reveals thatii
contains 82% rubber hydrocarbon whereas the W TR contains only 48% rubber
Mrocarbon. itisobse~ed from physical properties of vulcanisates (Table?)

mat addition of reclaimed rubber causes a decrease in tensile strength,

eionaation resilience, tear strength, flex resitance and abrasion resistance,
compression setis notmuch affected by the addition of reclaimed WLR. An
increse in heat build up and hardness is also observed.

But the compound
containing reclaimed W LR

shows better processing characteristics and
Physical properties when compared with that containing W TR. The same

trend is also obsen/ed from the service performance of the retreads (Table 6).
The tread prepared with the incorporation ofreclaimed W LR gave higher mileage

than the one prepared with equivalentamountofW TR.

Table 5 : Properties of tread compounds

Properties 1 E m
1. Modulus at 300 %

elongation (kg/cm” 93 97 95
2. Tensile strength (kg/cm®) 273 233 198
3, Elongation at break (%) 660 604 540
4. After ageing at 70“C for 96 hours

a.  Retention of modulus at

300% elongation (%) 129 123 127
b.  Retention of tensile 95 93 95

strength (%)

c. Retention of elongation

at break (%) 85 81 81
5. Tear strength (kg/cm) 106 86 ]
e. Abrasion resistance {loss

in volume, cc/hr) 0.64 0.69 0.78
7 Hardness (Shore A) 61 65 60
8. Heat build up at50“C (DT.'C) 23 25 32
9- Compression set {%) 34 34 40
10, Rebound resilience (%) 51 45 43
11 Flexing (Kilocycles)

Crack initiation 71 42 31

Crack failure 229 179 94
Cure time at 150*C (minutes) 10 9 9.5
Scorch time at 120'C (minutes) 25



nubber
Table U *
Original
carpound non-sKid
N depth
(1/32")
- 12
! 12

12

Service performance of retreads

Distance
covered
(km)

3674
3674
3674

Present
non-skid
depth
(1/327)
8.25
7.75
7 50

Projected
mileage
(km)

11,756
10,373
9,797



Elastomeric composites with Reference to
Tyre Technology

TEXTILE REINFORCEMENT IN RUBBER

Fibres play adominantrole in rubber reinforcement and without which it
isimpossible to think about major rubber products such as pneum atic tyres,
conveyor belting, transmission and V-belts, hose etc. which undergo service

conditions.

Initially needs of rubber industry for reinforcement materials were met
with Cotton which of course is stiii widely used.

As the progressively the stringentperformance requirements came up,
various reinforcing materials such as high tenacity rayon, nylon 6 and 66.
polyester, steel, fibre glass, and more recently Aramid (Kevlar) has come

into existence and each being used to meet the specific requirements of
various njbbercomposite products.

TYRE CORD FABRIC

Tyreisa composite material consisting of cords embedded in the rubber
matrix. The overall strength, and ability to bear load by the tyre depend strongly
upon the nature of cord. At the early stage of pneum atic tyre development
cotton was used for this purpose but due to the stringent performance
requirement various other materials such as rayon, nylon, polyester, glass

fibre, steel cord and Aramid (Kevlar) have come into existence (Table 1).

In the early days, the cotton fabric was square woven Around 1920
cotton cord fabric replaced square woven. The use of plies of cord added
tremendous durability and resilience to the tyre. Around 1938 rayon was
introduced followed by nylon in 1947 incommercial production. In 1955, wire
made appearance forspeciality applications. In 1962 polyesterw as introduced
and fibre glass sin 1967. Aramid came into picture in 1970's.

In India mainly rayon and nylon tyre cords are used. To a very limited
extent glass fibre and steel cord have been introduced in belt.



g.posites With Reference to Tyre Technology
.Slovene CO ~ ~ properties of fibres used In tyre cord

A tyre cord should have following properties to meetthe demand of a

good reinforcing m aterial
-High tensile strength
- Dimensional stability
-Fatique resistance

-Thermal stability
S " records

are as s,mple in ¢c o n s «

consistentwith performance requirements, e.g.
Rayon 1100d « 2
160d X 2 and
Nylon 840d * 2
Z & S twist per
1260d x 2 °f3
Meter about470-500
1680d X 2

Polyester 1000d x 3 or an

Tyre cord is usually woven into a fabnc for (jgpgnding upon the
Urge number of cords are laid parallel to eac

carcass strength,
numberofcords perdm required to achieve .~rggds are interlaced
tiiis array being known as warp. Light we” ~

angles to the
alternatively over two or three cords and under (mostly
warp direction, to form a woven fabric. The sp «
cotton) are also specified. Since weft percen a9

form,
aswarp sheet. The warp sheetafterweaving is

(f.lg jg known



TYRE CORD PROCESSING

Tyre cord processing is the critical stage in preparing a cord fabric for
use in a tyre. During processing a dip solution is applied and fabric is treated
undercontrolled conditions oftime, temperature and tension. Ttiis is commonly
known as 3T processing. Ttiis processing, besides applying dip solution
(essential for adtiesion to rubber), optimises physical properties of the cord
stabilises the fabric for furtherprocessing and in service of the tyre (minimising
ofgrowth) and equalises differences due to fabric source.

DIPPING

A dip unit is the largest and most expensive equipment in the tyre
manufacturing process. The dip solution (adhesion system) com prises only
1.0-1.5% of tyre weight but has large effect on tyre performance. Besides
providing excellent adhesion, the dip solution must also conform to different
requirement (a) rapid rate ofadhesive formation (b) high fatique resistance (c)
com patibility with many types of rubbercompounds (d) no adverse effecton
cord properties (e) heat resistance (0 ageing resistance in tyre sen/ice
(g) mechanical stability and (h) preferably be water based.

Adhesion between rubberand tyre cord fibre is an important parameter
related to tyre performance and strong adhesion between the two must be
attained. The adhesive coating is selected on the basis of (1) closest possible
match in fibre and adhesive surface energies (2) chemical stability of the

adhesive and (3) mechanical properties of the adhesive.

The mostpopularadhesives are based on resorcinolformaldehyde resin/
latex (RFL) combinations. A single coat system of above adhesive gives
required adhesion with rayon and nylon. For polyester a sub coat is given
followed by RFL treatment. With high modulus aramid satisfactory adhesion

has been obtained with one epoxy subcoat and a modified RFL formulation.

The processed fabric from dip unitis coated on both sides with rubber
compound by passing the tyre cord fabric through calenderrolls undercontrolled
pressure, tension and temperature. The compound gauge on the fabric is
controlled, by the gap between the rolls and is autom atically monitored by

beta gauges or manually be measuring coated fabric gauge or determining
weight perunitarea.

TYRE TECHNOLOGY

A tyre is an integral component of a vehicle and is the intermediary
between the vehicle and the road. Its major functions are (1) to carry load
(vehicle + goods). (2) To provide grip with the road for traction and safety
dunng vehicle movement (braking effect), (3) To provide cushioned ride (shock
absorbing), (4) To give directions control to the vehicle (steering)
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a tyre - high milage, resistance to cuts

Eiasio" ®"" j
Furthejone and constantperformance, numberof retreading,

saving 1" a vastcomplex combination of science, technology/
T,.etechn*gy~nr ~

.»g.neering and composite structures and geometry.
involves know ~ 9~Annn

mathematical models of tyre
These concepis
mecnanics- _.d technology of component materials involves areas
The chemistry and echno ~ systems, adhesive theories and
of speciality ®NJ~Nand matrix technology. The properties of these
applications and rub A~ the integrity Oftyre. The construction

wesEundtmentally a tyre "'°"9 "AAAPtrifngracaTa

thevehicle suspension. apparently seem to
Mechanics ofa pneum atic tyre infact, they are entirely
be dealing same aspecls of 'i"® ~ ~ ring quesllonswhalmakes

;r;ssbLr—

*-rers=.r; "N N

oflong chain macromolecules

FUNCTIONS OF A PNEUMATIC TYRE

Basic functions of a driving and braking torque,
(b) Cushioning and enveloping (c) stability/dimensional stability,
(d)Produce cornering force (f)

,stabrasion, (h) Provide steering
(f) Provide cushioning and flotation, (g)

noise and road vibration,
force/response, (i) Lovifrolling resistance, (j)
(k) Durable and safe. i~to three areas :
These functions of a tyre can be 9" ® . 2\ performance (structure
(1)Vehicle control/mobility (Jertiul).
integrity) (forward), (3) Aesthetics and ¢ abrasion actin the

(Mobility including cornering, "®®P

lateral direction where as the forces inve '

and comfortaspects and the fonward directi

jgalvnhjthaesthetics

f performance. The



vehicle mobility requirement is also based on types of application and thg
performance level required,
COMPONENTOFTYRETECHNOLOGY

The different disciplines essential for satisfying the expectations and

function of tyre can be grouped as below ;

1. Technologies related to materials:(a) Rubber - itscompounding and
vulcanisation (b) Textiles (c) Other raw m aterials (e.g. Chemicals.
Fillers, bead wire etc.) (d) Bonding rubber/rubber, rubber/textiles’
rubber/steel, rubber/glass fibre etc.

2. Tyre Design :(Pattern design, Tyre geometry, Structural design).

3. Manufacturing Technology: (Mixing, Textile processing. Calendering,

Extrusion, tyre building, vulcanization, inspection etc.).

4. Quality Control : (Raw material. Intermediate steps. Process,

Components, Finished products).
5. Productevaluation methods/controls,

6. Application Engineering

TYRE DESIGNATION

A tyre is designated by its size, “ply rating", pattern and code besides
the manufacture's name, serial nos, load place etc. These are marked on the
side wall of the tyre.
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gpprox 10" nominal sectional width and “20" as

‘“®Imeterofthe desired rim in inches.

AN~ TJlIfarTtLee basic types (construction) of tyres in use today

Di»beit8diyi6
Radial ply iyt»
Cross ply >y'»

Fig.11.2: Types o( Tyres

First is the bias or cross ply tyj»
cords extend diagonally across the ty

~obfar~ev s an

g.y me range of 30-40
cord path to the centre line of the 3

successive layer (ply)
degrees The cords run in opposite d'fec’ ©

construction for many
ofreinforcing m aterial. This has been a standard ty

ufiars.

Cfoss-ply

Plies ot Tyres



'SMes
Second is the radial ply tyre. In this tyre, the plies of reinforcing cn
extend transversely from bead to bead. On top ofthe plies (under the t
is an inextensible beltcomposed of several layers of cords. The belt
are low angle (10-20') and act to restrictthe carcass plies. This construe*

was introduced at later stage.

The third design is the bias belted tyre which consists of a bias (anal
carcass with a restricting belt. The carcass angle is generally maintained
between 25 and 45 degrees and the beltangle between 10 and 30 degrees
the angle of the beltis at least 5 degrees lower than the angle of carcass
This was com nercially introduced in late 60's.

Worldwide trends strongly switching over to radial construction
Passenger tyres are mostly of radial construction. In India still bias or cross
ply construction tyres are overwhelmingly predominant, though radial tvres
are also Stepping in gradually.

PRINCIPLE OF PNEUMATIC TYRE

H.'""RW . Thomson developed awheel ofthe carriage by using an
inflated tube and observed thatthe carnage could move with much ease and

mnTnrTfh minimised. The basic principle for
moving the carriage can be described as below :

Wheol wilh ngkl body with elastic body

Fig.11.4: Principle of Pneumatic Tyre

"D" is reduced due toTe”~dSSon°of thwhe™ ®

As the F D, the force required fc C v ng”~carTa : Sfexihin . "
than that with rigid wheel. ~<J|"dge with flexible wheel is less



Nredesign composite. The tyre com posite is in the fomi of

ofcord structures arranged in a parallel configuration and embedded

om ITsite materials approach to the analysis of pneum atic tyre is
finte elementtechnique. A finite, three dimentional elementis

,3sedon f ® d com posite structure

. Each of the laminates are
considered a®

HE ofthe cord and matrix (rubber) components.
the irmTna is combined with the geometry of the laminate
?ructur~o describe the character of the finite element

I p.tress strain characteristics of cord and rubberare more dissimilar

rombosite components. The cord componentis high in streng h

than most the rubber matrix is relatively low in strength

with high elongation” Therefore in the case of tyre composite, the
SinTcor~rc”Na?"~”~ m S o, the structural load. The rubber

contribution to strength can be neglected.

any other design and construction work, tyre design also starts

with the understanding of certain parameters.
1 Typesofservice;This refers to requirements expected cf

service,

tyre
~

2. Tyre size required ; I"®'.7 “ '

dimensions of toad Opacity by industry experience
profile have been established fo iwd Mpacay y’\

with various service conditions (1ITTAC,T a

m Like any other design work

tyre ® dimensional mainly
understanding of limitations. The

limitations are
governed by vehicles parameters.

DESIGNING OF MOULD CAVITY k i= n=™meters

Based on the selected tyre size einforcing material e.g.

oTsewlIng the above basic parameters, the designer has to finalise

tread pattern, under and side wall areas.



Reinforcing materia! Overall Diameter

R n - Y

ayol 1to 0% Mec? ot
Nylon Oto 2% Max 15%
Steel 0% 0%

Fig.11.5: Limiting Dimensions of Tyre

o[~

sfib paftarn



OfSiomeri ygg(jrnainly on front/driven axle because of steering
pj. pattern response.

, Used mostly on rear/driven axle for heavy haulage
Lug pa*®"" and long distance operation.

m Generally used on front axle, but as well on rear

semilug ' N

N Known as Mud and snow pattern and used on rough
Mand s Pattern ]

Otherterminologies like Hiway, Crosslug, Cross country etc.,are also
fromientlv used fortread pattern

otherdesign parameters like stability, smooth nde, appearance, noise,

« tio n ~ 2

Tread width controls the foot print width of the tyre, whereas length is

Treadwidth also influences traction charactenstics.

Tread life is proportional to its depth upto an optimum limit. Beyond

increasing of tread depth brings life to a plateau level.

CARCASS DESIGN

carcass or casing is the backbone of

, V.
febric ~

composite and its strength entirely gpjturned around
rubberand reinforcing material ~components of carcass
f gn.forthe intended
(Plies, breakers, chafer etc.) to achieve optimum reinfo

them. Reinforcing m aterials are selected ~°"

service performance. -ctorand

Commonly used reinforcing materials ~

steel, in India tyres are based mainly on nylon as

ArnA"MAnaniX—

cords in unitarea (per 10cm orper f and numbermp”™” values/strength

of cord per unit area results in higher tyre rAsigfance because of

whereas lower numberofcords give bettersepara 1 number to

sufficientcompound insulation. BreaKers are

improve adhesion to tread. f ~=*:,,~and strength failure,
by heat build up and minimum number is ~ ~sign ofcarcass.
Also, cord construction plays an important role in



Table 3: Comparative Advantages of Nyion Tyre Cord over Rayon Tvre r
(Per cent Comparison)

Rayon Nyion
(16500 X 2) (12600 X2)
Cord Strength (Breaking Load); Raw Ico 152
: Cured 100 148-156
Retention on Heat ageing (one month at 100“C) 30% 72%
Strength retention (Saturated in moisture) 60% 90%
Cord extendability (Elongation at 4.5 kp load) 100 182
Resistance to impact (Plunger energy value) 100 167
Flex Fatigue resistance 100 200

BEAD

Bead is the partofthe tyre which holds the tyre on the rim under high
inflation pressure and dynam ic flexing. Itis important to calculate the bead
strength critically as any failure can be hazardous. Bead is composite of

rubberand high tensile steelwires which applied together to form a bundle.
TYRE CONTROL STANDARD

After calculating and deciding all design parameters, finally a control
standard for a particular design has to be laid down. A control standard
contains all details like rubber gauges, pattern depth, crown angle, ply turn
up heights, material under bead, bead core construction etc. Figure 7 shows
a typical tyre control standard. Itis necessary to check these parameters

underroutine check to maintain quality and uniformity of a tyre
TYRE TESTING
essen”it ‘®~nology, methods of measuring performance is
essential fordevelopment. Major areas of tyre testing system are :
1 Laboratory testing of compounds, cords, bed etc.
2. Indoor (Resilometer) endurance testing.
3. Outdoor or neld testing.

MANUFACTURE OF TYRE

A brief description of tyre manufacture is illustrated in Fio 7 The

production sequence is brieflydescribed below: d



iPIs» otmwroad
tyre tyfg ww lyf?—

Fig.11.7: Tyre Manufacturing process
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steps of tyre manufacturing are as follows :
1 Compoundingofrubberand processing”~
(a) Mastication of rubbers
(b) Mmixing Of rubberand ingredients.
(c) Extrusion,
2. Fabric (tyre cord) processing.
(a) Dipping and processing
(b) Calendering/rubberising the treated fabric.
3. Bias cutting ofcalendered fabric
4 Bead construction/building.
5. Tyre building.

6. Tyrecuring.



Latex and Foam Rubber

introduction

Rubber iatex is a term used to covera range ofcolloids having nnacro
molecular substances as the dispersed phase and water as the dispersion
medium. Most important latex used in the rubber industry is natural (NR)
latex. This is an aqueous dispersion of Cis™,4 polyisoprene inwatercontaining
dissolved serum substances. NR latex is harvested from Hevea brasilienesis
trees by inflicting controlled wounds on the bark of the trunk of the tree. This

process is called tapping. Com position of fresh latex is as follows -

Rubber 30-40%
Water 60-70%
Protein (on fresh latex) Upto 1.0%
Lipids (on fresh latex) Upto 0.9%
Carbohydrates (on fresh latex) Upto 1.0%
Inorganic salts (on fresh latex) . 0.5%

Underinorganic salts seven differenttypes of ions are identified. Similarly,
undereach ofthe organic ingredients a numberofcompounds belonging to
thatgroup are characterised. In synthetic lattices also, a numberofingredients
otherthan the polymer and water are present.

PRODUCTS FROM LATEX

There are eight important steps in the manufacture of products from

latex -

i Selection and quality control of raw materials

“s Preparation of raw materials
Compounding and design of the mix
Maturation

v Processing/shaping

Vulcanisation
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vii. Testing forgrading
viii. Pacl<ing and marl<eting
There are differenttypes of products manufactured from latex. &T&)f
the steps are common in all products but differences exist in others The
similarities and differences in the various steps for different types of
are discussed below briefly.
Selection of Raw m aterials
Following are the raw materials used in the latex industry -
Latex containing the polymer
Stabilisers and viscosity modifiers
Activator
Accelerator
Curing agent
Antioxidant
Special additives, ifany
Gelling/coagulation system.

The raw material selected for productmanufacture must be good quality
and conforming to specifications prescribed for this by reputed institutions
like the BIS (ISI). Inthe case of natural rubber latex, there are few processors
who can supply high ammonia-preserved concentrated neutral rubber latex
conforming to 1S 5430 (1981). Itmay be noted thatthe specifications for this
HA latex have been formulated by the combined effortofexperts from rubber
plantations and the goods manufacturing industry. Itis desirable for the industry

suppliers should deliverof HA latices conforming to IS 5430
(1981). The requirements under this are given in Table 1

procurementofcertified quality raw material, gives the manufacturer
botticom mercial and technical advantages. Itis preferable to use certified
quality raw materials wherever such items are available. But many rubber
chemicals are now not marketed with ISl Certification. Even in such the

~nsumers shoudcheck the quality ofchemicals occasionally for conformity

minrrlkfnn ~ Standards. Assessment of raw material quality is helpful in

Preparation of Raw Materials

The ingredients to be used in latex productmanufacture have to be pre-
treated before product manufacture. The type of pre-treatmentof latex varies,
depending on its nature. When ammonia preserved field latex is taken by

consumers, they may concentrate it by creaming. When centrifuged latex



ndFoamButjber

« the starting m aterial, de-ammoniation ofitis a preliminary

A highammonia's me s/ ammonia-preserved latices, expenses on

step. can be avoided. In some countries, the premium is paid for
t:rmonlpreserved latices.

for conc— na.ra. ru.er ...ce.
Requirement
- Type Type Type Ref. to
Characteristic HA MA LA
50.0 60-0 60.0 NRL; 1ofls; 3708

Diy lubber content : (part D-1966
%by mass, minimum

2.0 2.0 -
Non-rubber solids, 2.0
%by mass, maximum

0.05 0.05 IS: 9316 (Part lil)-1979
Coagiilum content, percent 0.05 )

*by mass of latex, maximum

0.10 0.10 0-10 NRL: 5oflsS:3708

Sludge content. % (Part 1)-1966

by mass, maximum

NRL: 7 0fIS :3708
Above 0.3 03
Alkalinity as ammonia, 0.6 v (Part D-1966
Min but below  Max
% by mass of latex
0.6
10 NRL; 8 of IS: 3708
KOH number, maximum 1.0 10 (Part1) - 1966
NRL: 9 oflS; 3708
475 475
Mechanical stability, 475 (Part 0-1966
> minimurn 10 of iS: 3708
NRL: .
0.15 0.15
Volatile fatly acid 0.15 (Part )*"96s
rfumber, maximum . NRL.  130fIS: 3708
Copper content, ppm of 8 8 (Part)-1966
total solids, maximum NRL 15 of IS: 3708
8 e
Manganese content, ppm 8 8 (Part i)'1966

oftotal solids, maximum

The compounding

eithersolids or liquids. The solid ingredie producing
and the liguid ingredients added 3®

pmulsifiers are added to liquid for
dispersion from solid ingredients

. Suitable emulsifiers

emulsifying itwith water. lutions dispersions and
The important general principles regarding solutlons

emulsions tor addition to lattices are given under -



The particle size of dispersions and the droplet size of the emul
should, as far as possible, be comparable with that of the
which they are to be added, ®

Jf. The stability ofdispersion and emulsions should be comparable w.h
that of latex to which they are to be added.

Uli- pH of latex and dispersions/emulsions added to itshould, as far

possible, be the same.
Compounding and Design
This is a very important step in product manufacture. Two general
principles are tobe remembered by technologists in the selection of inqredienk

for the product mix.

I. The product manufactured, using the selected items, should notbe
costlierwhen compared to those already in the market.
ii. The product manufactured should meet the service requirements lor

which itis designed.

Products falling undergeneralcategories like dipped goods, foam rubber
cast toys, proofed fabncs, etc., willbe considered here fordiscussion Raw
rnatjials used in rubberlatex industry are referred to earlier In this section

me doses and the purpose of their addition is disucssed.

fe" vulcanisation. But in latex goods, if the

Sefm™m | ® °® thickening of the
Sex h ? M ‘““hich will destabilise
zDcC ifa ? .,/ f Partly by an ion.c reaction.
P~Nuctsoren.S» ~ut the therm al stability of
liS balloons nr mhh * preferable in products

accle ato high heat stability,

combinations of rhtt>m#~ v 's notdesirable. There are certain

ageing proDerties for thA i esistance and good

Pinroducing heat resistant type

rubber threads. Similarly in

should be such thatthe effectivpmnH i balloons the formula used

should be low This requires reduction h leve of~sulilh~""N'®

For dipped goods production prevulcanised latex can
reduce cost of production. There are some rercfon t

vulcanlisedla.ex.ms.Bu.,hesewillnot:rcr®x "~~~ A~AAN

A typical formula fordipped goods productis given in Table 2.



Table 2 :

Drywt. Wetwl.
""" 100.0 167.0
TirmrieW *"A NR I»«=
0.5 1,0
60% di

(60% disperse) 12 24
0.6 12
20C (50% dispersion) 10 20
A,wkJanISP(60%em>"ls">") 30 6,0
Spindie oil 6.0 12.0

China day (50% dispersion) :

Thisis also helpful in bringing down the cost of the products.

"“rfHrI*pmdrctotTdIL

expansion of the latex to the

® p~grn rubber also contains
expanded stage. These are special f

fillers for giving itproper rigidity and non ~ typical formulation
«hich can help in extending or reducing gelation time, a typ

forproduction of foam rubberis given in Table J -

T=bla 3 : Tvpical formulation for production of foam rubto”_ -

tngredienls o

Natural rubber as 60% latex 1000 2.0
Ammonium casinale solution 10% 2.5
Potassium oleale solution 20% 50
Bulphur 50% dispersion 075 15
Zinc diethyi dithriocarbonate 50% dispersion 15
Zinc mercapto—benzethiazole 50% dispersion 078 0
Zinc oxide 50% dispersion AN 50

Sodium silicofluoride 20% slurry

Potassium chloride can be

levels. IfSBR latex is used along with NR latex

addition of.
thequantity of the gelling agent to be used will be more,



soluble potassium saltthe rate of hydrolysis of sodium silicofluoride is retard
Soluble fluorides can also bring about the same effect. The latter hav™
commun ion effect. The former reduce the effective concentratiorf

silicofluoride anions because ofthe lowersolubility of potassium silicofluonde

Maturation

h/laturation is an important step in product manufacture. In latei,
compounding, three or more colloids are mixed together and physicaiiv
homogenised. Itis necessary to give some time for the particles in ttiese
different colloidal systems to adjust and co-exist in the new environment
Maturation period is given forthis. During maturation some chemical IGIiIdS
also take place to a limited extent. Maturation gives processing advantages
such as uniform viscosity, strongergetand uniform vulcanisation offhe'p?53uci
Indipping operations maturation period given is usually 10-20 hours. Butin
foam rubber productioniadaysjnaturation is given to latex for getting best
results.

Processing and shaping

Differentprocesses are adopted inthe manufacture of different products.
Even in same type of products there exist differences as in the case of
dipped goods produced by different methods ofdipping. The processes adopted
inimportantproducts are described below briefly

Dipped Goods

Products iil<e gloves, balloons, rubber bands, nipples, condoms, etc.,
are produced by dipping formers in latex. Thin walled products are produced
by straight dipping. Coagulant dipping isemployed when thicker articles are

to be produced. Heat sensitised dipping procedure is also used for the
production of some thicker product”

Incoagulantdipping process, itis advisable to immerse the formerfirsi
in latex before being immersed incoagulant. This willensure formation ofa
more unifomi film depositon the former Formers may be given a “dwell time’

f °btaining desired thickness

~Ath minimum number of dips. Dwell times of the order of 1-5 minutes are
common forthe production of some latex goods.

imm w f absolutely clean. The speed of
Zh sufficiently slow to preventair being drawn to the bath
with the fomier Immersion speed ofthe order 3-6 feet per minute are usually
found to be a~eptable. Withdrawalspeed recommended in coagulant dipping
indinoelLm rit ° important step
in dipped goods production. This is done to remove water soluble serum
ingredients, residual coagulantand surface active substances W arm water
orhotwaterisrecommended forleaching. Ifwatersoluble accelerators are
used in compounding this step may be avoided. Dusting is done on
unvulcanised films to prevent sticking of surfaces.



w Fosm

imoortant processing step is production of moulds for
incase toys, the mostsmall industnal

oastM fo f rretals are also used in mould making. W her latex is
units LigM

°J,grof Paris mould the following changes are believed to
poured into tne

Plasteris porous and so itabsorbs water.

' f r.- iones of plaster de-stabilise latex and hasten film
A~ tnn Incasting conditions of rotation of moulds, temperature
formulation, in¢c a ~ ~ are important. When heat

r t sed fo casiing, the excess latex poured outof

before being mixed with the bulk of the
.nfraruitheiraretwoim portantpro"""AAAAN

process In DunloR/process. foaming is
ctories use the Dunlop po"™WW»W©\

earned out in two stages, n

Is obTained. Thereafter
promoters and stabilisers till the desir

~gNhined. Gelling
the whipping rate is f
agents are added atthe end gl |2~ hich latex is whipped
rubberproduced depends on , , various froath heights.
should be calibrated properly for specmc gravity . LT, ction must
The materials selected for rnould con~ructon
be light, cheap, should have high therrnal
conductivity. A mould designed from copp

production of foam
requirements

. Itis generally reported th

; ji~ntlon from mould cost,
rubberaround 5% ofthe costis

f "Ta~appreciably lower than
The tensile and cure properties of the hot

gin stripping the
thoseofthedry finished products. So ifc p.r poabling easy and quick
foam from mould, it may as well be dan™ased”™ F°r enabhng”™ ~ y™W»
stripping, the mould surface should be kep ¢ operation. Examples
agenthas to be applied on surface ofmo

solution of poly ethylene
of mould release agents are aqueous or a

*ax-4000 carboxymethyl
Jlycol of fairly high molecularweightsuch as car

cellutose or silicone fluids. compound is achieved by

, the expansion o .disposition of hydrogen
libeWion ofgases like oxygen liberated by catalyticdecom po

pereie.

Latex Thf@ﬁa atured latex has to be
In the production of '*tex rubber thread the ma~ rnatured latex is de-

/Tn Tullalay process

carefully processed to avoid detects. The P

capillaries for injection
aerated and filtered before itis allowed to p
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into an acid bath. The nozzle ofthe capillary is immersed in coagulant Th
nozzle depth incoagulant bath has relation to the thread diameter. Ther t
of extrusion is 30-40 feet per minute. The orifice of the nozzle is usual
round and the size of the bore varies from 0.5 to Imm. Coagulant

used is 15-40% acetic acid. Generally, weakersolutions ofacid dCused "
large diameter thread and strong solutions for highercount threads. Forth™
production of high countthread alcoholis the mostsuitable coagulant. Between
extruding nozzle and winding, the thread is usually subjected to som e degree
of stretching which may be upto 200% . Stretching is necessary to facilitate
washing, to reduce permanentset and to increase modulus of the thread

Vulcanisation

Latex products are generally vulcanised atlowtemepratures and pressure
when compared todry rubber products. It is desirable to wash, leach and dry
the latex products before subjecting them to vulcanisation temperature
Vulcanisation of some products is carried out in hot air. Som e others are

vulcanised in open steam in autoclaves.

Hot Air Cure

The equipmentused forvulcanisation isan oven. Ovens used fordrying
the rubber film should be keptatatemeprature of55-66°C. Butthe oven for
vulcanisation may be keptat 100°C. The heating ovens should notbe placed
near the dipping tanks. Vulcanisation may be carried out after thorough drying
toavoid fomiation of bubbles/blisters on the surface of products. The advantages
of hotairvu canisation are its simplicity, low costofequipment, and the ease

with which Itcan be adopted forcontinuous operation. The process is clean

vul~ntitbn'™ associated with hot water
Hot Water Vulcanisation

water hotwater or boiling

Autoclave Vulcanisation

m.uloa...toban, .bou .ui™ s,

Radiation Vulcanisation



mers during vulcanisation or by subjecting them to radiation
rotating the at different angles, so thateach partofthe surface
approximately the same amountofradiation.

~gceives P devices are now available foruse in manufacture of
oroducts Radiation from g source and electron beam s are
A"Luicanisation oflatex and thin products. Radiation pre-vulcanised
ifavse fromaplantsetup inJakarta. Indonesia by the Intemationai
ABrlic Energy Agency.
Ultrasonic Wave Curing

Unlike microvijaves, yitrasonic waves are notelectromagnetic, butare
pn«”~mechanical waves which while proceeding through a mediurn,
'S~ terSte regionsofcompression and ratification at high frequency In
htef some of the energy will be converted to
S ion Prwess.

heat by the frictional and
It is proved that uniform heating and vulcanisation of

products is possible by this method.

Testingof Rubber Products

Testing of end products is an important step in product manufacture”™
roducthas to examined forconfprmity to f
IE%BI emar etbﬁ'lepl’OC"UCtS“S ed’ll"ﬁ‘g ledatoe a elSINAAAAA
Forthose products which have no ISl standards conformity P
natonal standards have to be examined. Ifa =7/~"
testing its products this may be done in com mon facility centres estabiishea

forthis purpose.

Table 4 : Latex based rubber products with ISl speclfications

1 1S 1741-1960 Latex foam rubber products

1. 1S3701-1966 Rubber protective sheaths (Condoms)

3. 1S4148-1967 Surgical rubber gloves

4 134149-1967 Post mortem rubber gloves.

5 1S4770-1968 Rubber gloves for electncal purposes

6 1S5915-1970 Single texture rebberised waterproof fabrics.
T 1S6110-1983 Double texture rubberised v»aterproof fabrics
8 158391-1977 Rubberised coir sheets for cushioning

9 159827-1981 shoe adhesive, natural rubber latex base

W IS 11060-1984

ivioulded rubberised coir cushioning.



A modern manufacturer has to pay adequate attention to the pack
and presentation his products. Latex products manufactured in this count!
are labour intensive and so there is chance for export of these productst
developed countries, where labour is expensive. Many of these countries
give considerable importance to packing and presentation of goods procured

Some importers of surgical gloves want packed radiation sterilised gloves

Conclusion and Recommendations

i. Manufacturers may try to use cost saving raw latices like low
ammonia-preserved latices and pre-vulcanised latices.

ii. Itis preferable to use raw materials of certified quality in product
manufacture.

iii. Modernisation in process and machinery has to be made in latex
products like gloves and rubber threads.

iv. Modern methods forvulcanising has to be popularised among small
industries to reduce cost of production and to improvetiuality.

V  Finished products may be examined forconformity to set standards
and may be marketed with ISI mark.

vi. Large marketing organisations should com e‘up for undertaking
organised marketing or produce from small scale latex gocds
manufacturing units.

vii. Common facility centres for testing and technical guidance to small
scale rubber industries may be established in regions where there

are concentration of rubber industries.
LATEXFOAM
Cellularrubber obtained from rubber latex is defined as a m ass of cells
in which the matrix is rubber These are broadly classified into two types -
I. Sponge rubberinwhich the cells are open and interconnected

I. Expanded rubber in which the cells are closed and non-
intercommunicating.

from 'S"nge'mbbersnomially denote cellular products made

dPsrlpH « ¢ H M ~ N . rubber latex,
isdescnbed as such. However, since ifScells are open and interconnecting
Itmay be classified as a sponge rubber. interconnecting.

Manufacture of Latex Foam

The process forthe manufacture of latex foam essentially CONSisSts of
expanding (foaming) a suitably compounded latex to a desired vokim e setting
{gelling) the rubber particles and then vulcanising the product



tsW*s " " p r o c e s s e s forlatex foam manufacture, viz. (i)Dunlop

Therenre ~ “ An~"p~ocess which differ mainly in the foaming and gelling
process

~tuods.

punlop

inthe
Thelatexcom(Wund s

silicofluonde is used as the gelling agent,
hanically beaten up toa foam and then the requiste
silicofluoride is added, which in the
nf'zincoxide will setthe foam to a 'gel' within a few minutes. The

productis then vulcanised in steam .

Uechanism

30H,ble in water but hydrolyses in it
v.Sodium silico-fluoride 1S sp

Liberation of

as shown below .agHing as gelling isfound to occur

hydrofluoric acid f ~ e% |l absorptive effectof silicic acid
atan alKaline ?H (about8.2-8&Jhe p ~ AN hydrofluoric and
formed also playSan.mportan, role and a

silicic acids bring about 9enmg_

,3an~j ammonium salt (in this
strength. Zinc oxide in presence ~m

conditions available

case,ammonium fluoride) soap layeron the layeron the
(ie.,around 8,3)which remove the protective soap icy

latex particles and bring about gelling. sensitising

L re isalso another ‘-hnipue of

gelling process. Inthis process, gellg soluble in ammonia, but its

Loluble ZinC soaps. Zinc ‘ammonA~ A
solubility is increased with the addition of an am m ~

ammoniacomplex, as shown by the following react on”™

zZno. HO. (\H). SO, =[Zno(\HU

The tetrammonium goaps, thus removing the

amines (diamine,S) which form ,he foamed latex,
generally stabilised by a

alcohol condensate) which

soap layer on the latex particles which
Latex com pounds using such gelling sys

non-ionic stabiliser (e.g., ethylene Ox1le but on raising the

ff..— me— *

p»<,«ion o,. good
gel before the dispersed airsystems d e ~ AN~ bgsbecom e

should be a gradual breakdown gygtem, gelling takes place at

interconnected. In the heatsensitising 9 9 is still high so that
ahigher pH (9-10) atwhich the

internal pressure builds
the airbubbles tend to persists and on rap d he

9
up which ruptures the cell walls (foam splitting) giving



as a "feathery" structure. Ttiis effect is quite prominent in ttiicl< articles

hence is limited to thin sections only, e.g., carpet underlays.

In the gelling system based on sodium silicofluoride, liberation

hydrofluoric acid continues even aftergelling is completed thus lowering th

pH of the foam. When an acidic pH is attained, the foam, i.e. air dispersed

system, breaks. This breaking of the air-dispersed system after gelling O~

the Interconnecting celluir structure of the vulcanised foam product. Ttiis

the main reason forthe widespread use ofsodium silicofluoride @Ilrgsyslem

in latex foam manufacture.

A typical fonnulation of latex foam based on NR latex suitable for Dudld

process is shown below -

60%
20%
50%
50%
60%
50%
50%

Parts bTwT
NR latex (de-ammoniated) w2677
Potassium oleate soap solution’ 5n
Sulphur dispersion--- -
ZDC dispereion™ " N “
ZMBT dispersion”- - “ n - =11l
Antioxidant dispersion/emulsion’ ., 2n-in
Filler dispersion-- — Upto40:0

50% Zinc ox(de dispersion — gaq
. . ® . . . " ~ 0-5 to 3= r u

20% Sodium SI|ICD$|UOTIdE dispersion* - — Egl&?%

Cure in open steam ,100-C) or as required

Minutes

For higher density foams, a mixture of potassium oleate and potassium castor oil
soaps IS recommended,

ZDC-2inc diethyl dithiocarbamate

ZMBT - zinc salt of mercaptobenzothiazoie.

=«l°ne/diphenylamme, acelonErf

latex L m " as antioxidants for
'

dH is low <acidic\ anri aien ©*hibited by those lalices whose gJﬁing

Ts~hc/cis™Mtt at,1:prsfd S m n r'~ R

before the latex gels properly. This results iJ whai i*T

minute bubbles coalesce before gelling f
structure. Steps should therefore, beiakL todLabizZ f
causing gelling before the air-dispersed systemS S brL.® '“w

gelling agents, e.g., a.triamine base (e g trleThvl tnm«h ~ °

guanidine and a cationic soap like cetyl trimethvl ammn * Iriam\ne), diphenyl
successfully used ,0 reievanUoam colii™e Allrtrm T ncrK '
gelling pH and cumng down the gelling time. unction by raising (he



aspersion of sodium silicofluoride Is ccnvemently prepred by the following

method-

w® '°r'~ t me* equired for the latex used. Neither too prolonged a gelling
the gelling time requ advisable. Inthe formercase, there may

time nor a Veiy short 9elnhg t non-uniform density and
be setting ofthe chem M S

;58S K Sn» - » T o "

« r» 2 .°.. ...ins li~ 0.« "

be divided into the following steps -
Compounding
ii. Foaming and gelling
ill. Vulcanisation

iv. Washing, drying and finishing

tY'"Z tlo n ia latex, if used, s-uld "™ N e — "

ammonia content to 0.3-0,15/0) ~ generally preferred in the

formaldehyde solution, the added during de-am moniation as
industry. A smallamountofcasein may be ad A~ ding to the quantity
astabiliser. De-am moniation may require 8-24 hours, accor

oflatex and efficiency of the de-am moniation plant or

Sulphur, accelerator,

Ted~latex taken in the mixing
emulsion) are then added to the de-am

~allowed to mature

tar* fitted with a slow speed stirrer. should be

by keeping itslowly stirred for N33Bbeen shown to improve

decided by the ambient “

over-maturing, however, should be
upon the properties of the final produc

f gnO handling ofthe
avoided as itgives poorstrength of reduces the stability of
product before drying may be

the latex, making the gelling to take place faster.
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Foaming and Gelling
Foaming may be done either by the batch orcontinuous process

Batch Process - in the batch process, a planetary mixer is used to
foaming. The mixer is provided with a wire cage (cage beater) which rotates
inaplanetary motion (hence the name ofthe equipment) atabout 200 rpm
The latex compound isweighed outinto the mixer bowl, soap solution added
and the mix mechanically whipped into a foam by the rotating cage beater
The beating time normally varies between 15 and 20 minutes and the volume
increase ofthe compounded latex is generally from 4-6 times for cushions
upto aboutten time for soft products.

Afterthe desired volume increase has taken place, zinc oxide with the
secondary gelling agent, if required, is added, followed by sodium
silicofluoride. The speed of beating is usually reduced at this stage in order
to 'refine' the foam, i.e., to reduce the bubble size and this beating is continued
till the chem icals finally added are uniformly distributed. The foamed compound
is then poured into the mould and the lid placed in position. The gelling is

allowed to be completed and then the mould is placed in the vulcaniser

Continuousprocess—The most popular frothing machine used in the
continuous process iswhatis known as the Cakes mixer The mixing head
ofthe Cakes machine consists essentially ofa rotorwhich is totally enclosed
within two stalor members, Both the rotor and stator halves carry teeth
enmeshing with each other Latex compound and airare metered accurately
inthe right proportion to this head and broken into a fine form. The foam flows
into a second chamber in which zinc oxide, secondary gelling agent and
sodium silicofluoride are metered in and mixed into the foam. The foam is
then charged into moulds with the help of a flexible plastic hose.
Construction ofMoulds

The moulds for foam rubber are usually made from cast aluminium
tecause ofthe lightness, durability and good heatconductivity ofthe metal
z "i~de, cylindrical cores are attached to

ofthe back side of the

Ibout | in.h ° the product to
about 1 nch to ensure uniform curing throughout the m ass of the product.

40 /o) without affecting the comfort. In designing moulds allowance should
be given to shnnkage ofthe productwhich amounts to roughly 8-10% linear

Mouldd lubricants like polyethylene glycol and alkyl sulphate solutions



Droducts are normally cured by open steam (at 100“C)
Mould P ,gnd quickerthan hotaircuring. Thin sections of foam
“hich is ®jjarpet underlays, can be suitably cured by hot air

e-s -

iranisation the productis stripped from the mould and washed

;N ttervulcanis™ .solubles like soap, etc., which may produce a foul
°rse WasNngtbestcarried outby passing the productbetoeen
Nourdur™ J thewaterbath. The excess water absorbed dunng

S fs"moved by passingthe productthrough squeeze rollers,

thP oroduct is best carried out in hot air ovens at 60-80°C,

from the deleterious effect of sunlight.
Common Defects in Foam Making

The following are the common defects encountered during foam
manufacture -

i. Shrinkage

ii. Foam collapse

ill.  Setting
iv. Complete distortion ofthe foam.

Undernormal working be desig”ning
latex foam on drying and allowance for this latpx com pound before
the moulds. Ithal been experienced thatmatunn]"the""""""""
use considerably improves the shnnkage. leading to enormous

agent is used, very quick setting may P be correctly

shrinkage. The dosage modification ofthe gelling agent,
adjusted by preliminary tnals. Often suita reduces the
e.g,, adjusting the pH to 7,0 or a»”~mg a P

rate of hydrolytic decom position ofsodium sili

inconrolling the gelling rate and the consequentshrinkage.

N ~Nelps considerably

B ‘>
gelling pH, gelling may take too long a time which m



air system may be largely destroyed before the latex gel is properly formg™
The resultis a collapse of the foam structure. Various secondary geiiinj
agents, e.g., Vuicastab TM, Vulcastab EFA, and Vulcafor DPG have been
recommended to ‘sensitise’the gel formation so thatthe rubber particles are
destabilised before the dispersed air system is affected- All these secondary
gelling agents cutdown the gelling time by raising the gelling pH.

Setting

Ifthe dose of the gelling agent is not sufficient to gel the latex in the
desired time, there may be settling of the gelling agent, resulting in a non-
uniform density of the foam.

Complete Distortion of the Foam

Complete distortion of the latex foam may take place either by foam
collapse or by incomplete vulcanisation. The Dosages of the gelling and
curing agents should, therefore, be properly adjusted and adequate curing
time in open steam should be given.

ESTIMATION OF PROTEIN CONTAMINATION IN LATEX

Latex contains a significant amount of water soluble proteins. Latex
products such as gloves, condoms and surgical blooms com e into contact
vi/ith hum ans, and contaminating proteins pose health risks. Latex protein is
easily absorbed through skin and can trigger allergic responses. Fortunately,

mostofthe soluble protein in latex can be easily removed by simply washing
the latex products in water.

Because of the health risk associated with latex protein, latex-based
products that are likely to come into contactwith humans require removal of
the protein and careful monitoring ofthe protein contentin the finished products.
Estimation of protein concentration in latex is com plicated, time consuming
and requires specialised skills and instruments. Most protein assays are
based on colorimetric methods Colorimetric assays require a large sample
volume, running of known standards, use of colorimeters, plotting of standard
curves and so forth. The mostwidely used method forestinioiion of protein in

latex is based on the method of Lowry. The Lowry method is complicated to
perform and has low sensitivity.

A simple and reliable method for estimation of protein content in latex
called the Latex dotMetric protein assay has been developed Protein
estimation can be performed anywhere and with a minimum of skill and
instrumentation. The test takes 10-15 minutes to perform after protein has
been extracted from the test samples. The test detects protein in
amounts as small as 5 mg/ml latex protein.

latex in

A proprietary test strip and reagentsolutions have been developed such

that when am ml protein solution is applied onto the test strip, it produces



n.metncal protein spots (Figure 1). The diameters of the

coinp3‘' and ,0 protein concentration (Figure 2| Thus by
le,n PL°P°r dpmtein spots with the dotMetric card (supplied
Sieasuring the concentration can be reliably determined. Figure 2

finearrelationship of protein concentration (bovine serum albumin,

B s'Sh thediameters of protein spots.

I.1 : Latex dot Metric protein assay

A protein spot measuring scale, test
using these plots (Figure 2) for test stnps,
samples. The proteinassay kitconsists prote
reagent solutions for developing ~
protein spotdiameter and a simple-to-follow pr

Protein estim ation protocol -vtrartina
The protein estimation protocol --1 -3 a
soluble protein from latex. Simply take a pie A within

for20-3b minutes in the extraction ~o'~tion suPP~ed with «ac™

20-30 minutes most of the extraction solut ~ diluting the protein
prepare a serial dilution virith the P of additional five
extracttwo-fold with each successive diluti pg”,elop
tubes. Apply 1-3 mlofthe concentration in the latex

the test strip for 8-10 minutes, and read the protein i-

extract with the dotMetric card.



Fig. 2 : The figure shows the diameters of the protein spots are proportional
to protein concentraiton

CONCLUSION

Thus from the above (related to estim ation of protein contamination in
latex) it has been shown thatdotMetric protein assay is highly rqterDUe
and simple to perfomn. The reliability of this assay has been compared witti
the standard Lowery method generally used forestimation of protein in latex
products. From this method as little as 5 mg/mlof protein can be detected.
The dotMetric assay does not require use of any instrument or specialised
skills, making ita particularly useful fool for rapid estim ation of the range of
protein concentration in an industrial production setting. The test can be
performed on the factor floor.



Vulcanisation
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into a strong elastic product. in solvents and
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type are formed as shown below -

Sx

Generally, x in an
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in these networks is usually called the “coefficient of vulcanisation” and r
defined as the parts of sulphurcombined perone hflndred parts of rubber. For
mostrubbers, one cross-link forabouteach 200 monomer units in the chain
is sufficient to produce a suitable vulcanised product (molecular weight
betvi/een cross-links equalca. 8,000 to 10,000), Itis these amounts of cyclic
sulphur (y) and the excessive sulphurin the cross-links (x) which contribute
to the poor ageing properties of the vulcanisates.

Sulphurless Vulcanisation

Vulcanisation effected withoutelemental sulphur, by the use of thiuram
disulphide compounds (accelerators) orwith selenium or tellurium produces
products which are more resistantto heatageing. W hitthe thiuram disulphides,
efficient cross-links containing only 1or 2 sulphur atoms are found, and in

addition the accelerator fragments actas antioxidants.
Peroxide Vulcanisation

The saturated rubbers cannot be cross-linked by sulphur and
accelerators. Organic peroxides are necessary for the vulcanisation of these
rubbers. When the peroxides decompose, free radicals are formed on the

polymerchains, and these chains can then combines to form cross-links, as
shown below -

Combination

Cross-links of this type only involves carbon-to-carbon bonds and are
quite stable, they are also formed by gam m a radiation and X-radiation,

Other Systems

Some elastomers can be vulcanised by the use ofcertain non-sulphur
Vbifunctional compounds which form bridge type cross-links for example,

neoprene with metal oxides or butyl rubber with dinitrosobenzene
VULCANISATION CONDITIONS

In vulcanisation (curing) processes, consideration must be made for
the difference in the thickness of the objects involved, the vulcanisation
temperature, and the thermal stability of the rubbercompound.

Effectof Thickness

Rubbers are poor heatconductors, thus itis necessary to consider the

heatconduction, heatcapacity, geometry ofthe mould, heatexchange system.



wadding an addition complicated articles, the item may be

r “rate at Which the mould is heated or cooled.

Effectof T€Mperature to produce a

A td oroduct han~rng uniform physical properties in the shortest

properly P ' ~he "temperature coefficient of vulcanisation is a
possible ‘Lhip thatexists between differentcure time
term used to identify the re L

.jon of this type, optimum cure times
atdifferenttem peratures . W ith ~A~n~Ngted formany rubbercompounds
ashigherorlowertemperatu Forexample mostaibbercompounds

with known coefficients of indicates thatthe cure time must

have a coefficientof (10'C) increase incure temperature,

S Implant'not to byThe appea®~~nce oTthe
deterioration will occur. This effectiseiuij ™

finished product or by its physical proeprties

methods are briefly outlined as follows,

fprec"haped'slug“ror

mould which is closed. The pressure aPP

present flows out of the
to fitthe shape of the mould, and the slig

This excess is known as
material of the mould or through special vents

"mould flash”.

TransferMoulding uncured stock from

Transfer mouding f'factual mould cavity. This process
one part of the mould (the pot) into the a



permits the moulding of complicated shapes or the imbedding of insertsin
many porducts, these procedures are difficult with the usual compression
moulds. Although the moulds are relatively more expensive than compression
moulds, the actual process permits shorter cure times through the use of
higher temperatures and better heat transfer which is obtained due to the

higherpressure applied to force the compound into the mould.
Injection Moulding

Inrecentyears, Injection moulding processes which are normally used
for the production of plastics, have been developed so that small rubber
compounds can be moulded and vulcanised by this method. By careful
temperature control of the feed stock, items can be vulcanised in less tfian

several minutes (cure times are generally reported in seconds).

Open Cures

i. Hotairovenscan be used tovulcanise thin articles (balloons, etc.).
items which have been preshaped (by extrusion) or by a combination
of precuring in a mould, followed by post-vulcanisaton in an oven
The lastprocess is used to remove peroxide decom position products
from items cured with peroxides. The system is nottoo efficient due
to the poor heat transfer of hot air, and longer cure time at lower
tempearatures are necessary to preventthe formation of porosity or

deformation of the unvulcanised products.

li.i Ogen steam can be used in closed containers called "Autocjayes'
(which resemble homepressure cookersjH he process involves the
use of saturated steam under pressure. The saturated steam actas
an inertgas, better heattransferis obtained, thus higher temperatures
can be used and shortercure times are possible, making this process
more desirable than the air oven. Hose, cables, built-up footwear,
tyres in pot-heat moulds are cured by this method.

ill. Water cures can be used for articles that are not affected by
immersion. The method is useful for large items (forexample, large
containers or rubber-lined containers) and is especially useful for
hard rubbercompositions. Directcontactwith water produces better
heat transfer than with air or open steam, consequently with this
system, less deformation and fastercures are obtained.

iv. Lead sheathing can be used to cover soft, large extrued sections
with a protective cover for vulcanisation in steam The process is
used for garden and other hose, the lead sheath is usually applied

by hydraulic pressure orextrusion immediately as the hose emerges
from its extruder.

v Continuous vulcanisation process - Conjinuous vulcanisation

generally involves the use ofsome form of heating in a manner such



immediately after th=rubber

The process isnormally used forextruded goods,
®*"~N'®H'lJirina conveyor bells and flooring”
coated w g. _

37ji,3b,e Mot

ams Twhich extrusions
~

may be vulcanised m a
liguid baths in wn

rapidly attemperatures

"‘m'Tnn ,nn°? how ter

the com
from 200-300 C, h ’

pounds mustbe modified to
problem with any extrudate,

m S M S
than with hot air alone,
¢ Continuous hot air tunnels - ~~ese can be used

manner as hot air ovens are

passing an
dipped goods, can be

ture”™ N~ 3N anNrbLtwi.co”
time articles are stnpped

vulcanisation
d. Steamtubes -These are used ° ~Nirg
of sheathing After .ga” lube containing steam
the cable passes into a jackete

of the cover, the
under pressure.

Dependingcontrolled to complete the

S *anis"orc— ~

nd continuous fl j “ ~Nide againsta
lL@O?ar‘ldedless steel%‘h hpgm
large heated drum. ten minutes contact
vulcanisation to occur ~N'~ever, this system is

3,3

time. Beltcuring presses are aso usea
notcompleteley continuous, although long
made by this method. v,lranised by treatment

Coldvulcanisation-Thesea”™clesman~AANANANANAAN

with sulphur monochlonde
toitSvap~ The process
ultra accelerators which are capable otc

replaced by using
~ atroom temperatures,



vii. High energy radiation - System s using eithergamma ma]a]f
cobalt 60 orelectron beams have been used for vulcanisation T/
electron beam method has been used to cure both polyethylen
silicone rubbers. This is generally accomplished by pas'smair
rnaterlali'through the beam on a conveyor

viii Microwave vulcanisation - Ultra high frequency fields (HMF) develooM
by alternating electromagnetic circuits can be used to warm up
vulcanise articles with large oruneven cross sections. The proc«r
required polarrubber mixtures since nonpolar materials will not absorb
the energy produced. Itis possible to warm articles upto 200"C within
30 seconds with some UHF systems. Continuous '~'-ocess utilisinn
extruders and microwave heaters are available.

DYNAMIC VULCANISATION OF A MIXTURE OF NATURAL RUBBER
WITH POLYPROPYLENE

Dynamic vulcanisation is based on a procedure, in which the rubberis
vulcanised while homogenised with melted thermoplastics. The mixture is
plastic above the melting temperature of thermoplastics and it shows the
properties of a vulcanisate below this temperature. Several combinations of
themnoplastics with elastomers have been described recently They form
mixtures capable of dynamic vulcanisation with good resulting properties
Physical and mechanical properties of the mixtures depend on the
vu canisation system used as wellon the morphological state of the blend in
molten state which, in turn, depends variables associated with the preparation

of blends, such as the intensity and duration of mixing.

with vulcanisation of a mixture of natural rubber
Tvster™ T 2" "='"9 vulcanisation
examined also from the

S o f vilw
pointofview of the mixing conditions.

Procedure

indexSn polypropylene Tatren HPF with the melting flow

Tensile strength and elongation at break are determined on a tpnsile

testerschopper Hardness is measured by a duromejgr Shore. The content



A Tportion is determined by weight after sam ple extraction with

0,8,ecopnposiwn ° by dioumylperoxide (DCP). Itis known that
Jhiuramdisulphide ( polypropylene. Formation of the gel
TMTD does decreases with the increasing polypropylene content
vulcanisationo TMTD decreas”™” vulcanisation, the

after

as expected. If dicu V P

reactwith both components of the mixture,
decomposition products of w

vulcanisation so
higher yield of gel is °

AN ,ntLtofPP is 30% and 40% respectively,
'a,.heamountofthege whent e ~

2). Part of
exceeds the amount of rubber presen formation of
~propylene is built into the

of sol. Their
,ybrid branched s~~ctu~es™ ateo”

S N~ el the”™ e tofthe

Ha 1 : DeP«ndence”™™geljmounuU !

The mechanical properties s"®
shown in Table 1. The properties of the mixtu conditions
compared with unvulcanised ®P oresence of accelerators of

and with mixtures vulcanised by sulphur "tn P ANANred mixture
curing. Under these conditions, som e
containing 30% of PR ® , be prepared. With mixtures
components so that the probes co , th8vu|canising system
vulcanised by sulphuratPP contentof50% and more.

f-ajsed by separation of the



does notcause the vulcanisation. The Table 1 shows thatwith the |mn
portion of PP in uncured mixtures the tensile strength increases. A sitia®,
effectis observed for mixtures vulcanised by peroxides; when compared with
unvulcanised mixture the tensile strength is higher atthe PP content of 40%
butappreciably lowerat60% of PR This trend corresponds to the assumption
that radicals formed by the decomposition of dicumyl peroxide react

both components in a mixture NR/PP. As long as the rubber predominatesin
the mixture, the polypropylene macroradicals react mostly with rubber giving
insitublock copolymers. These copolymers improve the compatibility of tiie
components and tensile strength is higher. On the btherhand, as the proportion
of PP increases, more and more polypropylene macroradicals decay via
fragmentation and by the reaction with the presentoxygen. This leads tottie

destruction of PP matrix and to deterioration of the tensile properties.

Fig. 2 : The data from Figure 1 caiculated as ratio of gei to welgf,t unity of
elastomer (g/NR)
Vulcanisation by sulphurgives a material with similar properties at the
ratio M i PP 70: 30 as the cross-linking by peroxide Thelncrease ofth "PP
contentcauses worsening of the properties on the contrary to the initiation

by peroxide. This is explained by the decrease of the cross-linking degree of






elastomer and by lowering the probability of the formation of hybrid rubbe

polypropylene chains. These considerations are supported by the datao™
hardness since the mixtures NR/PP 60 ;40 vulcanised by sulphur show
lower hardness than similar unvulcanised mixtures. The hardness of the
mixtrue 40:60 vulcanised by peroxide is also lower, which probably reflects
the degradation of polypropylene matrix.

The whole system is sensitive to the conditions of mixing. Its influence
on the properties is seen in Table 2 on an example of the mixture NR/Pp 7q
m30 vulcanised by dicumyl peroxide atthe concentration of 1%. The properties
of vulcanisate depend on the rate and time of mixing. At low (30 rpm) and
medium (75 rpm) rate, 1 minute is not enough for obtaining sam ples with
good mechanical properties. The enhanced mixing rate (150 rpm) leads toan
increase in the strength by 60% and in the elongation at break by 160%. if
the time of mixing is prolonged to 8 minutes, good properties of the mixture
are found atlow and medium mixing rate. Atthe highest rate, the longer time
ofmixing leads to deterioration ofthe properties. There is an optimum degree
of mixing given by a propercombination of mixing rate and time. Insufficient
homogeneity of the mixture is achieved below the optimum value. On the
otherhand the mechanical and thermo-oxidative degradation of the original
polymer and products of the reaction takes place at higher than optimal
degree of mixing. Thus, the resulting properties of the mixture are worse for
various reasons.

Table 2 : The influence of the conditions of mixing on the properties of the
mixture NR7PP 70 : 30 vulcanised fay 1% DCP

Speed Time Tensile stress Elongation hardness
pm MPa % Sh
30 1 34 70 78
75 1 3.6 50 82
150 o 5,6 160 80
30 8 6.6 180 82
75 6 71 210 82
150 8 45 140 80

VULCANISTION OF HYDRAULIC WIRE BRAIDED HOSE

Perhaps the most important property required of a wire reinforced
hydrauhc hose is that it should be well bonded together with good
consolidation and compaction and low compression set This is a very
necessary property of the cured hose in order to obtain satisfactory impluse

field and user performance. Itis usually achieved by applying pressure to the



fnand during vulcanisation, and over the years has consisted
hoseius* ® nressure inopen pans, cloth vi/rappings. undertead sheaths,
ofstraigM® ® ~'TAN errubber has been extruded into positon orindeed more
gppliedaft®""; established electric cable

industry continuous systems,
jecently

or molten saltin pressurised tubes (PLCV).
nerformance of underiead cured hydraulic hose iscomparable
Trw CV system. Additionally, hose made with braid insulations

* ufd"rubber in place of conventional calendered sheet rubber are also

**n"T «pntlv the ultimate hose performance is measured by the S(>called
tua e wave" pressure impulse test (1SO, 1436), but this has not
m"""'Isidered 100% satisfactory, because ofa large scatteroftestresults

nn the same piece of hose, the testing time is too long, and the test
S

not nclude Aex'ng, and in thisconnection does nottruly reflectoperating
iions Therefore an alternative to the straight imp use test is also

examined - the new halfomega flexing test (ISD DIS 8032).
Impulse Performance

Figure 3 shows an increased pattern of straightimpulse
nfPLCV This is considered to follow automatically from

improved
SproSertilsandbroughtaboutbythegreat”

ofthe PLCV system,
Impulse-flex (Half Omega)

By using the parameters of the half omega
hasbeen shown (Figure 3), the fall-offin impluse
conditions is consistent in the three sizes

consolidation trends between lead covered and PLCV systems togeine

calendered and liquid rubber insulations.

Energy Usage s "
Ithqs been cle_arly shown that by the use of ™ I n solvent
calendering operation can be eliminated. The liquid m y ~  o(.ten

based forr™ or the more desirable true liquid form, as solvents do not

need to be used.

Thus, both the highercapitalcostand ®

rubbercalendercan be eliminated by the use of low energy anaco p

low capital costdrought mixing equipment forthe application of the

rubbers used in wire braided, hydraulic hose.



Fig. 3 : Lead PICV V Calenders/Liquid in solution (under impulse + flex
pressure)

Procedure

Hose in bore sizes 10, 12.5 and 19 nnm are made using calendered
sheetand liquid rubberinsulations and are vulcanised underlead or bv PLCV

systems.
Straight impluse (1S01436) and impluse + halfomega flex (1SO 8032),

fso~Draft 80°32 "®*®"mined which form the basis for the

whpn 3. Adhesion is improved in all tiose
m fhThn~a~ A~ “V*'®PLCV system because of the higher pressures

svs pm ?hf, ® "~ l«nisation in PLCV than on the conventional lead

the Z m hh T'® insulation because
the iquid rubber flows into and between the wire braided interstices during

"1CV proce "sin?"

Taking F Ratio's derived from the results in Figure 3 itcan be seen that-

a. The size of hose is very significant with regard to level of impluse

® by the use of liquid rubber as an
insulantin the hose ratherthan by the use ofcalendered rubber



3

significantimprovementby the use of PLCV cure over
nHprlesd systsm .

rtere is a very importantfali-<3ffofimpulse properties, under flexural

~.pacted, but and the length of

Ml scale omega test could be used™

AN JLrai™ Mjeistraditonalw »

isco fiiid if~ t a useful adjunct to eheom J decided to investigate

C.,R.isused as an alternative to Baypren C.R.

673-4.

Thisequipmentconsists of the following modules -
i The lead assembly module with furnace

The temperature programme
ji. The amplifier module

iv. The recorder acsemblv and is

The base module consists of the and flowmeter for

fitted with connections forwater cooling, g ~loUjeris positioned
atmosphere control around ®
within the assembly, so that

sepecimen under examination.The u

upto and over 100°C, although tor this invesiiy

~ture monitor is adjacent to the
~Nance has capability attemperature
the temperature limit is



Test
Rheometer TMax.
@ 177'C TMin,
Search
T90

ASTMoilNo0.3

(70 Hrs, @ 100*C)
iRHD hardness
TIS (MPa)

E/B (%)
Compression set

(24 hours @ 70"c)

Current
recipe

96.0
12.0
1.7
4.6
+43,0

83.0
114

210.0

36

NA22
base

94.0
12.0
1.7
4.6

+45.0

81
11.0

210.0

Pyrogaltol/s
donor

9470
12,0
17
4.6

+ 45,0

83.0
10.9
220.0

The specimen holders within the head assembly consist of small

platinum crucibles, which locate into wells in a ceramic block.

The othercomponents of the analyser are connected in series to the

recorder which, in turn, produces a graphical recording of the reaction as it

takes place.

Results of the data obtained from the DTA traces (Table 4) as proposed

by Borchardtand Daniels and derived from theirequation, also confirms that

the pyrogailol/S Donor system has a rate of reaction at least equal to or

faster than thatof NA 22 incompounds based on either Baypren or Denka

C.R. rubbers, and also has excellentcompression set (Table 3).

Table 4 : Comparative energy of activation for accelerators In neoprene

Accelerator
NA22

S/Donor pyrogallol

compounds

E

comp

Baypren
25.52
24.77

Denka
31.75
26.60
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KAV
K = [K(A-a)-CpATT

Forfirstorderreactions (x = 1) since CJ is relatively small, this simplifies

AT
“A-a

(This method can only be used forcomparative studies),

K

CONTINUOUS VULCANISATION METHOD

Continuous vulcanisation generally involves the use of some form of
heating in a manner such that the vulcanisation step usually occurs
immediately after the rubber article is formed. The process is normally used
forextruded goods, coated wiring, conveyor belts, and flooring. These methods

aredescribed briefly as under.

LOM(LIQUID CURE METHOD)
Thevulcanisation medium may be -
i. An eutectic mixture ofthree inorganic salts: KNO~, NaNG”~ and NaNOj,
etc., com position being 53-40-7% and eutectic point 143 C
i. A mixture of 50% KNO 3and 50% NaNO, has an eutectic point of
219%C
ii. Acommonly applied vulcanisation temperature is 240 C,
time for thin-walled sections in ten-metre bath being 1 minute as
shown in Figure 4.
The specific energy consum ption of a ten-metre
bath and belt heating, motors, fans, etc.), measured ata "~tehtemper
“f240-c ,is on an average 0.25 KW per kilogram of section. About 30
thisenergy is effectively used forvulcanisation.
The specific vulcanisation costs are, on an
kilogram of rubber section, for a production capacity of 200 9
~Bure all factors have been taken into account (labour, energy P
saltlosses, overheat, etc.).
Pre-heating Pius Hot Air Vulcanisation
W ith this method one or more magnetrons are used

®'®ctromagnetic field with a frequency of (usually) 2450 Mega H



profile transported through this field is very quickly heated; depending onth
polarity of the compound, itwill take 30-40 seconds, for example, to heati
from 90-190°C. Vulcanisation propertakes longer, and is usually done in
hotairtunnelan-anged immediately behind the microwave of UHF equiptDew
Typical vulcanisation conditions, for automotive and building profiles, area
temperature of 300°C and a dwelltime of 5 minutes in the Hot Air tunnel,
microwave plus HotAir method is often used for thick or thick-walled rubber
sections. The compound to be vulcanised must be polar; if it is not, some
polarity can be obtained by using fine, especially low-structure carbon blacks
diethylene glycol (DEG) or triethanolamine-

NaNO,
3irc

Fig. 4 : LCM method showing eutectic mixture KNOj, NaNO, and NaNO,
Two systems of microwave pre-heating are distinguished. The cavity
system (with a rectangularapplicator) is especially suitable for large profiles

or multiple small profiles. The roundpipe system is more suitable for singte
small pi;onies.

The specific energy consumption ofa 2x 6 KW microwave unit fora
capacity of 200 kg/hrand a temperature increase of 100'C, is 0,17 KW pet
kilogram of rubber profile. For an assembly including a hot air tunnel ttis

figure is 0.3 KW /kg. The powerefficiency ofa microwave unit is slightly more
than 50% .

Hot Air Vulcanisation

Modem HotAirvulcanisation tunnels have a numberoffeatures ensuring
good heat transfer.

i. The vulcanisation temperature is high 300-350°C.

ii. The airvelocity inthe tunnel has been increased to about 300m/mii"



conveyor belts instead of a single belt, the
By ®PPJj|l[ghas been increased by a factor three withoutan increase
infloor Space or energy.

iii.
The metnod is suitable oniy for thin-walled sections, which may be

~ATtunnels use fresh aironly, while in others the Hot Airis recycled.
i;"~ ,; aTtunnels, a heatexchanger has been incorporated.
Lm v consumed invulcanisation of 300 kg of rubber sections per
metre tunnel which is traversed three limes by the
A tilvulcanisation length of 54 metres) is about 60 KW /hr. (i.e. 0.28
when me vulcanisation temperature is 300"C and the two final
Serits (of3 metres each) are notprovided with air heaters.
SSK(Scher.SpritzKopf)Pre-heatingPlusHotAirVuloanisation

™ letipt:l.ALheat-up,vulcanisationtaKesplacein”"

‘“""'This means thatthe SSK has exactly the same function as a microwave
unit, but there are a Numberoftypical differences. the

i. Microwave heat-up an electromagnetic field is used, whereas the
SSK-unituses mechanical energy. wnin While
The microwave method is suitable for

the SSK method is also suitable fornon-polar P

The floor space needed for the SSK-unit is six or seven times

than for a microwave unit.

awsiinm pnt
iv.. The SSK unitis considerably cheaper 24D
thoughontheotherhandamoreex”
instead Of 16D, because ahigher pressu
\%

hntthatof
ThepowerefficiencyofthemicrowaveisiustaboveSOA.butthato

the sSK is 80%, _ consum ption of
Foracapacity of 300 kg/hr, with AT 70
anssk is 14 KW /hr which is 0.05 Kw /kg
of SSK + HotAirtunnelrequires a total of 50 KW /hr,
rubber profile produced.

combination

is 0.22 KW /kg of
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Fluidised-bed Vulcanisation

The vulcanisation medium is in effect a mixture of air and veru
glass beads {0.1-0.2 mm), the so-called ballotinis. The continuous ru”"*
section which is to be vulcanised is transported through the bed ofballoti?
and is kept fiuidised by hot air. On accountofthe excellent heat transfer’
this system (the medium behaves li<e a liguid) vulcanisaiton takes only™
short time. Maximum temperature is 250°C. Fiuidised beds are about a*
long is LCfi/l baths, that is, 10-12 metres. The main problem witii this
vulcanisation method is that the glass beads tend to stick to the rubber
profile. The fiuidised bed method is more com mon in Britain. A striking feature

ofaibbersectionsorhoses produced by this method is theirvelvet-like surface

Electron Beam Vulcanisation

This vulcanisation method is based on irradiation of rubber surfaces
with (3rays, p radiation, i.e., an electron beam, is preferred to other typesof
radiation because of its higher penetrating and ionising power The radiation
equipmntcan also be used for preservation treatmentof fruits and potatoes
and for sterilising medical instruments. The electrons cause C-C bonds via
radical formation. Sulphurofperoxide vulcanisation system s is not needed.
The method isvery quick, and practically no heatis generated. However, the
depth of penetration isonly a few millimetres and even irradiation from belli
sides will failwith compounds thicker than 6 mm. Itis not surprising thatthe

method is frequently used for the thin cables or flat articles. Speeds of 400-
500 m/min. air feasible (forcable).

PLCV (Pressurised Liquid Continuous Vulcanisation)

The vulcanisation medium is an LCM salt mixture, but this time the
mixture IS under pressure ca.2 atm. The method is used for cables only,
pressunsation helps todecrese porposity. An advantage of this method over
the Steam-pipe method is thatthe vulcanisation temperature is independent

ofthe pressure and the vulcanisation medium is dry.

HVGC (High Velocity Gas Cure)

Thr® vulcanisation takes place in high-speed, recirculating N,
velorfc i~nn vulcansation temperature is 350”"C, the maximum gas
used fnrrThteT maximum pressure 10 atm. The method is

used for cables only The curing unitincludes apparatus for monitonng the

rancentration of O, and CH, (by products of the decom position of vulcanising

Steam-pipe Vulcanisation

The steam pipe method is used forcables only becau<;p rnmnnnents
thatlack a metalcore cannot be transported through'the pipe The iLgth of

pipe where vulcanisation takes place is 50-80 metres, and the subsequent



is 10-25 metres. Steam pressure may reach 25 atmospheres
~ling secw » corresponds to atemperature ofabout223“C.
gauge pres horizontal (HCV for cable diameters upto 15 mm),
A"® ,rrvVor for heavier cables, vertical (VCV), Depending on factors
pipe length, steam pressure, cable diameteretc vulcanisation

of 200 to even 500 metres per minute can be achieved.
Dntncure Vulcanisation
This method is highly suitable for vulcanisation of broad rubber beitina
bJte and V-belts. By means of a steel beltthe sheetmg ,s pressed
""1 ,1 internal steam-heated drum. The reversing rolls may be steam
SITsteam is notavailable the drum(s) may be heated with oil or with

electric quartz radiators.

"e"'Hefcure vulcanisation involves passing the profile to

fecirculation over a heater.

Pressurised vulcanisation
Pressureless vulcanisation

1 PLCV

- LCM

2 HVGC
2. UHF + HotAir

3 Steam Pipe
3 HotAir

4 Rotocure
4. SSK + HotAir

5 Helicure
5. Fluid Bed
6.

Radiation curing (p-radiation)



Manufacturing Techniques of Rubber
Products

INTRODUCTION

Manufacturing technigues pose a few of the key problems which are
common to the industry and are worthy of note. These arise mainly from the
intrinsic properties of textiles and rubber stocl™s and from the semi-plastic
condition of materials in the unvulcanised state.

Although the rubbercoating applied to textiles provides protection from
moisture absorption, it is important to limit exposure time to a practical
minimum. A high moisture regain in rayon, for example, can result in
separations within the casing structure when internal pressure is released at
the conclusion of the vulcanisation process. For this reason, and also to
preventself-adhesion, 'in process’'stocks musthbe interleaved at all stages in

dry low-moisture absorbent textile linings.

The instability of rubbered materials and compounds creates handling
problems. For example, relatively minor distortion to cut ply materials wil
alter the bias angle and regularity of cord spacing. This can affect ultimate
casing tension and uniformity of the tyre. In critical areas, like radial ply
tyres, the.plantis designed with festoon appliances and air flotation systems
to minimise this danger

Care is necessary to ensure that compounds are free from incipierit
scorching and that the desired surface condition is retained at the time of
tyre building Clearly, over-tacky or over-dry materials present handling
difficulties and due attention has to be paid to maturing times and shelf life.«
is imperative thatinterface bonding, during assem bly is good, and cleanliness
is a key requirementatall stages of manufacture. The developmentof surface
blooming, with some compounds, can be counteracted by lightapplication of

a solvent-soaked textile pad during the tyre casing assembly operations.

One ofthe anathemas oftyre manufacture is included air. Even afterall
precautions have been taken in the fitting and progressive consolidation of

individualcomponents, itis inevitable that minute channels of air will persist



within the structure™ During the power stitching
,, the stepped edge”s ,..3,3,3 require to
operations, ~ual pricking.
»Ereleased Y

contour of the raw tyre is important 1

.fstock can ~#:r~f,uenc8 of the high internal pressure applied to u,=
vsurfA M irregularities induce flow which can result in moulding

-SIn .neform ofs”™ .s «

isessental to PPy finished product.

manufactunng p arp ~ubiect to Specific gravity checking and to
The mixed

-lastcitv and modulus.
curemeter testing f

W ater hardness,
used for textile treatment,
viscosity, alkalinity, and total

tatic rubber-to-cord adhesion is
~ustbe controlled, and a

of processed rolls for
desirable with certain critical r™at rnaterials mustbe examined for
use in manufacture. Rubbered py gome instances, percentage
extensibility, regularity of cord spa™ 9, an

moisture regain. The continuous

operationsin component

dimensional accuracy
preparation and tyre building is ess

of components and machine settings.
machines are used to check stiatic or dynamic baian

f uniformity and grading

radial and lateral
run-out, etc., of the finished product.

PNEUMATICTYRES has broughtabout
Recentemphasis has been

assis waterdisplacement
thedevelopmentof more complex tread p

requirement

Improvements to road networks 3"~°'

moton«ays, have led to

P® ' speeds. Concurrently,

altered significantly resulting
suspension systems and chassis design developments has
Inmore sensitive structures. The and resonances excited by
tended to highlight the ill effects of yi structure. As a direct
forces generated by lack of uniformity "~ ~ '"'gjcations fortyre uniformity
result,vehicle manufacturers insistupon g extent, for the truck
particularly in the passenger car field ah ~ ..itjcal with the adoption of the
ranges. This requirementhas

gjulus materialsin the carcass,
radial ply tyre and the Increasing use ofhg
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complete reappraisal of previously accepted manufacturing practices
operating tolerances has been made, leading to the raising of qhT
acceptance standards for raw materials, inprocess components
manufacture, and finished tyre grading.

CONSTRUCTION OFTYRE

Tyre manufacture has also been complicated, particularly in the
passenger car range, by a trend towards the adopteion of squat section
tyres. Whereas a few years ago the section height-width ratio was
approximtely 100%, in present-day tyres, itis nearer 80% and the trend is
still downwards. From the car manufacturer's point of view, this results in
vehicles with a lower centre of gravity and consequently improved control
characteristics. Often the opportunity is taken to increase wheel diameters
to pennit the fitting of more efncient brakes while still maintaining the low
vehicle line. Such changes tax the designer's artin producing mould shapes
and nianufacturing processes to ensure that the inflated raw tyre shape
immediately pnorto mould closure in the vulcanising press, is reasonably in
keeping with the tyre mould profile. Failure to achieve this condition can

v dimensional accuracy in the
vulcanised productand also promotes moulding defects.

niv f o1 ®progressive swing from diagonal
ranairT hl” to radial ply in the passenger car andlruck
speclliseri h L extend to earth-mover and other

comnlete channo” ~ Types. This revolutionary concept demanded a

NoTotS did and factory control practices,

the conventional diagonal ply tyre TI~~altpm 1
counter to the radial tyre, has the virtue ma thi'? construction”™
using the standard type of tyre building and vunr?®-® assembled
considerations undoubtedly promoted mis devetom .1"?

K "
partofthe way towards the advantage in MWewh/\h m

the conventionalcross ply tyre FurthermorfthP |
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imoroved strength, and a lower cord denier, thereby yielding

extensibilities. developmentwas quickly outmoded by the general
cord ofhigher for specialised applications,
adoption or ray

80th these 1ane

bonding to ruBoe

required the use of adhesives to achieve adequate
RecenH polyester, glass fibre, and steel
m aterials available to the designer; in the

arbon fibre may find applications in this field.

Th. ohvsical properties of matenals used in tyre structures influence

Ld dearee the initial rubbering techniques, handling and storap of
marked deg , and tyre building and vulcanising procedures. Features

tcCrfotimportancein ld e moisture regain, extensibility, them ial stability,
Ixibility, and acceptability of adhesives.

ThP scorch rate plasticity, modulus,
n tack and' shelf

shrinkage factor, ease of
life of rubber compounds likewise affect

dSences”~n their properties in relation to their use in tyres are shown in
Table 14.1.

T.HI, 1. Features of genera, purpose elas.on.ers for use ,n tyres

------- is 5
Property NR

2 3
Wear resistance 2 2 3 4 2
Road holding 2 2 3

1 1

Low heat build-up 3 2 1
Tear resistance 4 4 1
Gas and vapour 1
impermeability
Ageing resistance 1
Ozone resistance 1

The tyre designeris faced with an

lorefaXro"

‘afd?s7h

‘~determining the tyre size and type, the vehicle and tyre designers

give prime consideration to the following aspects.



i. Vehicle weight distribution, which will determine the load-carryin
capacity of the tyre and the operating inflation pressure. ~

ii. Axle heightand clearance forthe chassis, suspension, and braking
system; these decide the overall diameter, section width, and bead
diameterofthe tyre.

ii. The vehicle suspension system, which will influence the basic tyre
construction, including the selection of either radial or diagonal ply

construction.

iv. The speed capability and operating conditions, both of which wil
have to be considered in relation to construction, compounds, and
tread pattern design.

Having established the basic tyre dimensions, which must conform to
agreed industry standards, the tyre designeris in a position to decide on the
tyre mould dimensions, tread pattern details, rubber mixes, textile
reinforcement, and the form of the structure From the vehicle weight and
speed requirements, mathematicalcalculation of the casing and bead wire
strengths can be made; the materials can then be selected and their make-
up settled.

W hen formulating a tyre design it is essential, from a manufacturing
stand-point, to pay due regard to the costand availability of materials, factory
plant, and production methods, so thata viable product is produced atan

economic price and meets the need oftne consumer.

Tyre Sizing

The generally accepted system for indicating tyre dimensions is to
quote the appioximate cross-sectional width of the tyre, followed by the
nominal diameter of the bead seat of the wheel to which the tyre must be
fitted These dimensions are either expressed in inches or millimetres but

dual impenal and metric unit markings are sometimes employed.

fhe load-carrying capacity ofa tyre isdependenton its internal volume
and Itsinflation pressure. Ittherefore follows that, for a fixed section height-
width ratio, the load-carrying capability will increase with increasing wheel
diameters. This arrangement has been applied in the past for standard
passengercar and truck tyre ranges, butrecently, in the cargroup there has
been a trend towards designing tyres ofcommon load-carrying capacity for
allwheel diar~eters. This means that the cross-sectional area reduces as
the nominal bead diameter increases, i.e., the internal volume remains
constantregardless of the normal bead diameter In this latter circumstance,
he convention is to identify a tyre by a letter of the alphabet indicating the

load-carrying capacity, followed by the percentage height-width rario and
finally the wheeldiameter.



jiii

h thP basic principles of tyre manufacture are similar for all tyre
;s,Ithougn tn that the method and plant used to produce a

'l cvcle tyre made upofapproximately 10 components, will differ

L mat necessary to handle an extra

large earthmover tyre
,adically ‘

~ 175 individual units. Atypical tyre of this type will contain

embodying textile in the carcass plies and a composite tread

«nn ka qiving in overall tyre weight of 1.25 Mg. Although semi-

~eighing 6 °° ~ isemployed, much ofthe assembly is a skilled
automatic

manual operatron”

avulesnisiny
aircraftand racing oars.

than 24 hours to complete and followed by
q ~ specialised ranges include tyres for

Tyreconstruction

Standard Diagona/ P;y ryrinnn comprises layers

ltwill be seen (Figure 1 . * diagonally from bead, with
ofcords, normally two ~ t>ias Each layerorrubbered cord is
adjacent layers assembled of the plies are interlocked
Jown as a ply. Itwill b~noted thatthe outer ~"~ges~oUN"P

around the steel wire bead Miil take place ina controlled manner

angles, during the inthefnished product,

and achieve an acceptable level of uniformity.

Tread
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Belted Bias Tyre Construction

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 mann
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 lov"
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
arestraining beltwhich raises the modulus ofthe 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 beltand 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.

e Tread
Edge strips Tread braciag
layers

Inner liner

Filler



instruction, in general use, compnses four low-angle plies of
IHe bell GO have adopted steel or glass fibre cors for

HKtilecord:s"~ .~ e depends upon performance requirements, practical
tliefacilities, andeconomicconsiderations.

Tread pattern

jTrcad bracing layers

Radial plies

Bead filler

Wall rubber

Chater stnp wrapping

Bead coil

Fig. 14.3: Radial ply tyre (two-ply construction), tubeless

TyreComponents s
B ... « d.»d . p L« » 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, gof extruded

separated, are coated with rubber

The layer of wires is coiled to form a A9, an<J *h
stapled. The jvire treatment and use

bonding and a regular bead shape in the finisnea piw
thebead coil is covered with a light cross-woven ru
thewires and preclude any possibility of looseness in

ends are taped or
g”~g”re good
For some purposes,
ontain



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 ofthicknS
betw/een the latter and the sidewall zone, the thickness of which is onlyth,
ofthe 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 hastobe
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 finly
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 fomerd
manually to be located centrally and consolidated by means of angled pressure
rollers.

Bead Fillers (Flippers)

Inthose instances where further reinforcement of the tyre bead areais
required, the already wrapped and apexed bead may be enclosed by a stip
of rubberised textile or, in some applications, by steel cords. Emphasis ism
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
rhaintain the uniformity of cord spacing during handling but play no partin
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 mwide 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



entire unit traverses across the support beam when cutting
N (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 atall stages to prevent distortion of the material.
r L Bracmg Components (Breakers orBelts) for Radialor Belted
fims Tyres

Trpad bracing components raise the modulus of intread 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
,Sedfor cutting plies, but, in this case, the travelling beam on the bias cutting
mechire is adjustable for angles of 15°-25°.

The method of converting the single-layor low-angle cut stnps into the
fomof 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, ‘nereby reducng Stress

concentration and minimising the development of lossene
Insulating Components (Undertread, BreakerCushion 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-nating the
prevent chafing. The compounds are similar to those used for coating the

carcass plies

Theszol

Thetread is the wearing surface of the tyre. Itis Substantially
asan extruded slab of rubber compound. In cross-sec i gj.,es. The
rectangular across the centre protlon, tapering down *° p.atjon in
Ihicl*ness must be calculated to accommodate the Pf” ® ~gneath the
the tyre mould and to allow an adequate residual _{endtoa

pattern grooves. The tread width is such that the ‘*Pere  sWewall reqion.
position slightly above the maximum flex zone in the upp h T hert

The extruding operation is continuous, and the Nto length

asacontinuous length into a band dispenser, (hs and stored on
athe tyre building machine, or pre-cut into individual le g . i,
“at metal trays in Liti-le af stillages. The former method ispreferred, lengtn

m rotary cutting knife. This knife is complete with its own drive



vanabon of pre-cut treads often occurs as in-built stresses in the compounj
are released.

Sidewall

The sidewall is an extruded rubber compound layer which servesto
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 ad
sidewalls as one piece Two separate compounds are used either to achieve
perfomiance or for reasons of economy Modem dual extruders, feeding thraugh
acommon Y-box head, produce a combined tread-sidewall unit; by joning
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 im
flange height and extends downwards and around the bead base. Ths
arrangement provides some protection from rim chafing and, Inthe cased
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
1mm gauge, is generally fully cured, buffed, and solutioned, prior to assem\f
into the raw tyre. In this way, stock flow during vulcanisation is avoided ad

the retention of an adequate rubber covering over the casing ply edges is
assured.

Processing of cured rubber strips is a continuous operation of muit-
strip calendering and vulcanising by drum cure. After surface buffing a«
solutioning, individually on an ancillary unit, the strips are spooled in continuous
lengths suitably interieaved with polyethylene.
InnerLining

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 chafinS
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

as 2 5 mm, and the width must ensure that the edges

by the inner edges of the chafer This provides a kw permeability
fayeTheadtobead,

*¢ h strip may be considered as an extension to the lower edge
,-hJsidewall introduced as a further anti-abrasion measure on radial ply
° M are more subject to rim chafing than the cross ply tyre. Itis a
Intruded Srip about 25 mm wide and tapered a both edges, which is

"2 lyhot-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

I*a * . ; . "V S n lhes" rou s
L e r dimensional size and weight of components

Steel ply radial giant, earth-mover, and aircraft tyres are particular examp
Tyre Building
TheBuilding Drum

Throughout the conventional diagonal ply and
including passenger car, truck, and earthmover tyresJhe tyre

ingeneral use is a plain segmental open-ended metal drum gts
onadriven shaft. The internal mechanism is f
can be collapsed radially to permit the removal of th P n g

Theends 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
toachieve a balanced ply-to-ply tensioning mth 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"adiameter within 5%
from a relatively inextensible unit and must be

of its final diarrieter in the moulded tyre. py “tyres

built casing has to be inflated into » machinery incorporating
necessitated, therefore, new complex and costy

inflatable textile-reinforced diaphragms, overly 9 A3 p (q("e diameter

toshape the carcass plies and other g his, the shoulders of the
for beltfitting. Itwill 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 bulldm
machinery, the batted bias tyre has come into being.

Diagonal Ply Tyres

A modern building plant, for passenger car tyres, is highly mechanised
and constructed for maximum accuracy and productivity. For diagonal gy
tyres, including the belted bias version, the standard form of building machine
isdesigned specifically for operation with lovi*-crown building drums; the uncured
ravKtyre is completed in a one-stage operation.

Belted Bias Tyre

The procedure outlined for the building of a conventional diagonal gy
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 priorto
fitting the tread unit.

Radial Ply Tyres

No standardised type of building machine has yet emerged for radia
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 isthen 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 jsirg —
flat bui,ding operation and serves 'o s"\pe n
diaphragms, on either side, turn H'p the p,}_/' . f tothe 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 AnfannngnrerofdTe
conveyors, either to a holding stocK area

department

the vulcanising



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 d
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 wiJith talc is also employed. This
prevents adherence ofthe 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 Moulds

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 the mould
between two steam—heated chests or platens.

Curing 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
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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
Iflecuring ba9 jp situ in the vulcanising unit. For internal inflation,
Atnremains p 12.6 kgflcm= (193"C) to
elher "SNP oir m  or circulating hotwater is used; use of the latter enables
197Kgftef* (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~ctman”he'er” o ) _
w g h the thickness of the containing curing bag or diaphragm,
CureTemperatures and Times Auu
The thickness of the tyre to be vulcanised determines the highest
temperature that can be used
Atone end of the range, cycle tyres, ha"i"9

require 8 hours with a mould temperature of 120 0.
Thecurerequirements are der*ed from laborato” teste

hut it is not always practicable to set the ideal

Fromatechnical aspect a long cure ata'o™ ~ employed to reduce
forproductivity reasons maximum temperatu hberis involved, cure
curing cycles to minimum. Where N , d e performance and
setting requires to be precise for consistent high fa g

bond strength

Vulcanisation Plant
Autoclaves and Pans

Onginally the general having a
ply tyres, was in the form of a deep n ,amjng a vertical stack
Q%/draulically operated centre ram and capab ANAN ggction depth.

upto 20 individual moulds, dependent upon th s and

T,0™,
prevent adhesion, is inserted in the "'f* , the vulcanised product
transformed to an approximation of the toroidal sh P alrg |s
Bagged-up tyres are placed manually in "atem bly » fed

located, and the top mould half is POSit® = autoclave, into which itis
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 pressurej,
applied to the central ram, closing the moulds tightly against the lid. Btema
stream services are admitted through the side of the autoclave, with fiis
steam circulating around the moulds during the curing sequence. Some codim
of moulds, priorto unloading, is effected by a short cold-water flood introduce
after exhausting the steam. After disconnection of inflation fittings, mouds
are transferred, by hoist, to the roller track and opened; the vulcanised tye
with bag in situ is ejected. Condensate is syphoned from the bag, whichis
extracted from the tyre and put back into circulation.

Autoclave moulding is a flexible but inefficient system in curing ting,
because moulds require a lengthy warming up period at the commencemeni
of each cure, and is now considered obsolescent. For very large tyres, te
principle is retained and a relatively shallow ‘pan’ or 'kettle' accommodating
two or three moulds is used, the hydraulic ram often being replaced byan
inflatable rubber diaphragm located beneath the base plate on which te
moulds rest. To obtain the higher internal pressures, hot water rather then
steam is used, and cold water is circulated prior to pressure release atte
end of the cure to provide some degree of cooling.

Presses

Various forms of press, generally accommodating a pair of nouds,
have replaced the autoclave or kettle. The mould halves are bolted to theld
and base of the press and remain in situ. At the end of the curing cycle, te
press opens automatically.

For supplying external heat, in the case of small tyres, eg .cods
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 ai
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 Autofor
Press (AP). In the BMP the diaphragm is of an open-ended barrel shape W
a bead formation at either extremity for attachment to ring assemblies ears
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. Iti

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

7 i n i i N adi
(MiSPI— m%,areco%rlcl)?e%éyga%y’s‘g,t 11, having a senes of manugl phadehur%tgglce
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servomech” sm
and so permit 0

or dose the appropriate diaphragm-actuated valve,
g inflation media.
. »tures are individually controlled and recorded for

AANciiErean? o T: complex instrument using solid state electrical

'wherehigh-pressurec™

outlet,
mtoying textile materlalsjhich arejherma”y unstable”
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BELTING

The main type of belting
Belting is also produced for power transmission p

transmission belting and V-belting

Hicfnrie conveyance of materials.
purposes inthe form of flat

Converyor Belting infnrcement either textile or steel

Conveyor belts are constructed of a /07 Impact or the
cord, which Is protected from The rubber conveyor beltis
ingress of moisture, by a rubber or n " rubbensed textile
usually manufactured by laminating a ~ in aspecial pressor
reinforcement, and consolidating and vulcani
rotary curing machine

The emphasis, inrecent years”has be ™
agiven application or purpose. As examples of

conveyor belting for
nentior



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 inthe warp or longitudinal direction for lona
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 of textile fibres

Physical properties Polyester Nylon Rayon Cotton
Tenacity (g/den.) 8.0 85 5,0 1520
Elongation at break (%) 8.5 135 11.0 310
Initial modulus (g/den.) 110-130 40-50 90 12-70
Moisture regain (%) 0.4 4.2 13.0 80
Specific gravity of fibre 1.38 1.14 15 14

Nylon Is the most widely used synthetic fibre in belting today It has the

andfh n ~ comparatively low modulus,
aDnlfratint°"®f The principal
e”en.tfcn " high strength and
S n absorption charactenstics and, thereto

S e r forhinh? i° MMed as a warp

owi:gtoteextTsS°"~

a:a"Tm"mterrvchTaclLIlfcs
a?o0::reralSn?

e"s
gives

weftmember,.ogivem axim um JabilitytotL*"S S TS
thens S rcrn~oTd~srdr”r

strength this factor can lead to load suppcrprottemro rh J fi
the low to medium strength type of belting, a proportion of cotton ol*taple
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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
fibre rsignificant growth has taken place in the use of 100%
sVv"®™1t!, ea nylon, in belting. Forthe lower strength products, the
‘"A®™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
Srcelnt which gives the required very small stretch in service, ,s

employed-

"A*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 gha
S ayer 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 ‘VR®
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 A

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

atatemperature 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 fabricsa*
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 agerts
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 widdi
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

Stepped ply construction

Fig. 14.6: Conveyor belt constructions

nh generally plied together on long building tables equipped
wrth *o-bowl| consolidating rolls. Semi-automatic tables, letting off a muitiple
number of plies in one operation with individual liner rewind for each roll ad

tension control, are also used,
3"™able within certain prescribed

o « irlthiTeft."™ »



face and back rubber sheeting calendered to the required
carcass on the building table to provide the

thickness .pletely built beltisthen consolidated and passed through
Jt,bercover.Thecor*pletey Alternatively, the covers may be

Ikingeroller_s carcass using athree or four-roll calender.
Ntendered dir*flyoM om AAA

Theseparate

7S S mp« »

” W« "
continuous dmm-cunng machine.

Because matenals. suchasruD reduce vulcanising
degrading their structure, many attempts * methods

cycles by pre-heating through 0, microwave heating has
have met with little n has high dielectric characteristics and

opened up new possibilities ® generating heal uniformly
thus can absorb energy of very high frequen y

withinthe material structure. Microwave he g
heating but, with the frequency increased from 10T mh
disadvantages and difficulties of the latter *

g

po”er supply
which is then fed to a

contains within its vacuum
A 3,eguide

The microwave heating systems
to raise the main voltage to
magnetron oscillator. The --9"etro
envelope a tuned circuit and delivers the energy
tothe applicator
One form of applicator is a
frequency generated, the chamber b
is placed inside the cavity: no direct
dielectric heating, and the material “ n g3lgn gnd the

shape. Even distribution of energy i jpnoctor system mounted at each
provision of a specially designed rotary deflector sy

e"'ry point,
The pre-heaters is kept
approximately 20 multiple 1-112

designed that, for the
cavity. The laminate

required as in
irrespective of the product

0 ~ press, a system of
gnd magnetrons being used

gl"es |t possible to distribute energy

ejectrizircSrsn:i"rnrAn



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 wicanisin
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 courm
construction, both single and double daylight.

The raw beltis unreeled from a braked let-off station to the press, anda
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
vifith 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 an
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
ISnow 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-

kir r. KTk ‘®"sioningthe latter hydraulically;

th "temally 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| 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



A ripauately covers the range normally required for rubber
,fS g fed through the vulcaniser is subjected to an initial
" predetermined stretch

minutes,
Sng”

-or Conveyoi* Belting. .
passenger™ ~,gn,er carrying have been used for some time. However,
Beltstorp a ® ~ “ ~'~gndling large numbers of people at airports,

used tvoe of belt today is designed to run short {50

the area on which the passengers stand is
pRg&aenidR frbm hafd na (weepniertable supports and a smooth ride is

The most

s r» s = | —

and the combined action of the upper a supported

ARSERIGTS SPRSTBISEAMHISALS e SIS passengers raveling

The surface ofthe beltisnbbeda g . jgj-omij-like platform atthe
6 mm wide and 6 mm apart, meshing m tolerances in order
entry and exit points. The ribs A thgteeth of the combs without
to ensure that they move smoothly 9 . “gp'0esthe danger
wear or damage. The ribbed surface s’ '9 the stationary platfom™
of clothing being trapped betweenthemo g pigte is designed

atthe 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 asS*
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 coret
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 3V, 5V, 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

thru | ' ¢ tructi o n s aremade possiblehby
the use of high- tenaC|ty matenals such as polyester cord.

section ®‘°P AtNper, a cord
aSmwl hi ® A"Shion rubber, the whole
manufal*PdIrr'TeA"L The shorter belts are
lavers 0?n ®f The required number of
Ditch The indiuirliL”® wound on at touch
transferred tn a 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.

R%.‘HSH]H BHilI'gl%afmachmes using weftless cord fabrlc |r¥s€g§ Lgann
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ool“n Ig glgo manufactured, with the advantage that

Aiini? renuired can readily be made up. The links are stamped
aryendjess®J'?‘'ansmlission-type material and joined together with metal

eBelts
prifve D"'® ® precision drive and timing equipment applications,

""AfAwTh atoolhed inner surface which meshes with mating axial
3  moulded With engagement. The tjelts are
gooves ,n the PUAV togive p” gteel or glass fibre cord is,

required tohave  n/ i , 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 ,Tm e wearing surface to protect the teeth. The nature of the

S W o u ™ teeth”can be varied according to the application, to
tieresistant to oil, heat, or fire.

ed t t th it be i fi lidl.
(c:)?p ol%% y, o?tﬂ‘eeg\ate%al passing th” g/‘] IS may be inany orm\§§\0|]lj:lg
liquid, or gaseous) and either acid, a
extremely abrasive and flow at a fairly hig

shotblasting operations. vary from as low as - es-C to

properties, and operating ) p ~ 3. e arequirement for some
4200'C and higher, added to which there may Dea 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!

gs in the case of sand or

lyallof the extremely widerangeof —
the hose industry, either singly or i n 33

All the following fibrous matenals have app
orcarcass in current and future hose manufac
toproperties for each service requirement.

reinforcement
selected according

Polyester
Asbestos fibre

poiypropylsii®
Carbon fibre
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Cotton Nylon Steel wire

Plax Glass fibre

The reinforcementis applied to the lining in yam form by knitting, braidng
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 includea
layer of insulating rubber between them to prevent chafing in service

Generally speaking, the operating pressure of the hose is the dedding
factor in the selection of material. For a low-pressure application, suchasa
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 tet
make it eminently suitable for the expanding hose portion of the power steeting
system of an automobile or truck.

The cover, generally speaking, is the outer protective layer of the hosg,
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 te
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 te
service conditions to be met and upon such practical considerations astre
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.

MoulderHose

In the manufacture of moulded hose, as the name implies, the hoseis
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, tre
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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N

A machine which applies the textile yarn to the hosejining
Abraiderisam n

MaOiannerverVe™ and in this instance are usually installed in a vertiMI
Meypo®
TH nuter-cover coat of rubber is next applied to the reinforced hose by
ffrroS-head 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 airis used also), pressure is applied, and the ends
N -
%er Hgse and lead are ?:l/@rmn Bed. The drum and contents are placed in large

pansforvutonisingt

999
super-heated, an nrocess) Ifthe inside of the lead is fluted, then
r.s";"rss'sri?’”, ; L ™M
lead then of course, a smooth finish is produced,
r= = 1= =S H = i
returned to the melting pot for re-use.

Generally speaking, moulded n

rprng™:'st°o f:h -« " inclusive

"'""htH erestin g processisthatusedforthe®

hoses. Basically, hydraulic hoses depen * applied by either

reinforced with either textile o ~55 he braiders and spiralling
braiding or spiralling techinques, inthis process, n

machines are usually mounted horizontally s must

The process also ha® compression-s®

rrerMifsALArd% ::1n”..ontoafAANANANNAN
air, and then braiding and/or sP"-a'*9 wth

with CR, and cloth wrapping is then earned out, m
hose is stripped from the mandrel,

Minpisation, the finished

M tn 40 metres

In this method, the production
by the steel mandrel length. The introdu possible, depending
has made lengths uptc, and even longer s [handling weights

on bore size. The limiting factar in *1'® . bobbins.
and thewire capacity o?ghe framgmac INECAMNNN

flexible mandrel process

~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 tiie
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, ad
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 regirements 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 besttype 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 inthe
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.

Machine-Made Wrapped 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 itonto 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 RubberProducts
be made either of steel for the smaller-diameter hoses or
ofthewses, may facilitate ease of handling and movement;
of light alloy f available three-roll making machine, which can be as
® length sthatOr b\om-on lining tube, sits
Auch as 40 metrh AMA top roller applying
Lscely on and b ~girforcement is applied lengthways in stnp form into
pressure as the aD 37,n,etimes called),
o ona spreading machine,

TsSd»~rn

removed frcim the mandrel.

s ;;?2 a % rrs rr« —
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

e | ™Md.». . O f — - * 5 » «
water, compressed air, and steam deliveryjor welding
equipment, and for conveying beer, wine, and food.

"AtZ ANiiMNilarge-si.e hosesregu.d . AAAAN
hand on large lathes or making ‘a*les w position,
of lining, carcass, and cover being hand PP position when itis

SteelwlL helices are incorporated by ®P'A"""'9‘1"X n conditions,
required to prevent collapse of the hoses under

Oil suctionanddischarge (O S&D )"AN

bore sizes up to a nominal 6°° requirements of the oil companies,
on even larger sizes to keep pace with

Furthermore, with the advent of the surA» expensive
loading and discharging on the open se A 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 rf
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 outfitis
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.

Circular Woven Hose

The carcass ofthis 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.
OtherProcesses

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

ISusually 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



. Techniques of Rubber Products
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~glectapplicat™"; °” " ~
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Compounds for hand-assembled excessive shrinkage can

rubber because good building tack is es . .i"ggjes for hand-buiit products

cause distortion of shaped compOTentp a”  natural rubber selected depend

are also based on natural o .er compounds, where flexing is a
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factor, a rubber with minimum dirt ¢ 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 gon
vulcanised crump can be used for their cheapness and to help reduce porosly

Carbon black is the reinforcing ingredient for black industrial boots kit
to meet the demand for non-black compounds, reinforcing siliceous lliier
are used. A highquality non-black soling will have fine particle size silicaas
a reinforcing agent, and the medium grade solings either aluminium or cadum
silicate. Goodquality clays or activated calcium carbonate will give reasonable
reinforcementwith 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
Forwhite 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 en
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 nmore
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 thid(
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 Assembled and HotAir Vulcanised Product

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 ofall-njbber industrial boots may consist of 40 rubber or rubberised
fabnc component parts, each prepared and cut to the required shape priorto
assembly These parts consist of the outer rubber leg outer rubber vamp,
fabric leg lining, fabric vamp lining, anklet, insole, fillings toe and neel
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.
Theheelofan,ndustna,orwe,,"gtonb«

usually pre-moulded to the |c,anised rubberised fabric waste

are assembled, in a specified sequence, tightly on
thoroughly rolled to ensure good bonding.

Another method of '"MAnutacturing isjo omiU

rubber leq and

coagulating
vamp and to apply a coating cashing and then drying offthe
to provide the outer surface. Afterthoro g y attached.
moisture, the foxing strip. A | erof rubber around the carcass.

The latex forms a seamless, impermeable layer

For canvbs-topped footwear, the
machined together to form the upper, on
and eyelets or gussets and heel-pieces fitted”" |
and the necessary rubber components attacneu.

“ "NMdings have been sewn
lasted onto the last,

Vulcanisation is carried outin® ~ ' ' 9 ®
by banks of steam coils fitted in the base a

are loaded onto carriers and wheeled in to avacuum pump so

the can-ier peg on whichea” “ nent parts are drawn tightly around
that, as the boot is vulcanised, the componei k

the sides. The boots
~Mme factories,



the last, thus ensuring good adhesion. Immediately the autoclave doors a

closed, and air, at a pressure of around 3 kgf/fom” is admitted to offsetan
blistering or blowing of the outer rubber parts. The temperature gradual”™
rises to 135°C, where itis 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.

Compression Moulded Industrial RubberBoots

A complete boot is moulded in one operation using vulcanising presses
consisting basically of two lasts, two side moulds, suitably profiled to gve
the required pattern and thiknesses, and an engraved sole mould. Fve
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 afiller. 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 cutfrom 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
fitto 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 lastis
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
Toobtain efficient e

Agfinition
wpatterm With sote Pre every 4 minutes, the sole and heel having
acomple eboot” compounds with Mooney viscosity and scorch

» 4-mjnutesMAN 3N, respectively,

‘®"'®f flctorv for such conditions.
y A compound must be very flexible to avoid any

) fVin wear have 800d flex crackmg resistance, good a'™sphenc
discomfort m wear, ha strength. The vuicanised sole and

ageing resistance and resistance and good cut growth

than 1.2to 1.25 to avoid excessive weight in the boot.
nirectMoulded Process for Shoe Bottoming

Asthenameimplies.direct mouldedfo o ~ 7

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

relyon pressure created by the blowing 9 , Operated, for moulding
pressure machines, either pneumatically or hydrauiicaily ut-

solid compounds.

CellularRubber-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 Pfres:
consists essentially of (Figure 14.7) the o o

i. A base plate, having the contour of the sde and hee,

i Aring which sits on the base, split longitudinal y,

1 “:irt:::::--dandwhichactsasthetopplateof

Thrsr;iandlastarefitt.n"

being heated to 150-160“C, the last o ANgh
This slipper upper, already prepare an * tieen
metal last and held tightly to it by stnrig non.cellular outsole cover

sewn to the base of the upper. A semi-vu can“sedno *

is placed centrally in the mould cavity, foil® fg,t The lastis then
unvulcanised sponge compound and a ftlimg» The total volume of
lowered until it is clamped tightlyover mouW ca ”

matenal placed in the mould cavity is usually 60

g



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 organicto give afineroverall 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, ad
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 ae
cut This cover compound must have good ageing properties as the cut sdes
are to be given further vulcanisation in the slipper press.

Solid Rubber-Soled Footwear

. .o of either canvas o
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 bootrand heavy



o«ure machines operating at 55-85 kgf/lcm" ¢
used'Tte is normally applied by the sole plate acting as a

.m . consistessentiailyof{Figure14.8)ofthefollowingstructures:

""fba plate contoured totheshapeofthesole and heel and carrying

fhe required sole pattern,

Movable side plates which open and close automatically
m 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 " eclo'sed'r”
mould open, upper completed

AS in the case of the mouilding
consists of assembling the upper on
with the unvulcanised rubber sole and
closed tightly around the upper, and
asaram, until it reaches a set position 9 "
the outsole. The time control is set o
reached, the press automatically
and allowed to oool, and the spew is trimmed o

hianks The side moulds are first
acting

required finished gauge of
time and when this is
footwear is stripped of the last

With fabric uppers, the Pressure app le satisfactory bond of
compound into the interstices the bonding area isroughen”
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 I<gf andov™

Accurate control is essential of the preparation and volume of the nhiv>
blanks which are in cut shapes, strips, or granules, depending on the vdp 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 lastsa*
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 carves
uppers, the lasts are heated to 130°C so that shorter curing cycles ae
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 blankin
an electrically heated oven at around 95°C is commonly practised.
Injection Moulded RubberSole and Heel Units

Injection moulded rubber sole and heel units are produced on muiti-
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

°rif A' ‘he beginning of each cycle, the screw
unri*L rnm ‘A6 Cylinder, and the
aen”ral fnunn'ih "Ae injLtion unit (itis
fotawlLnn nf h Satisfactory for harder stocks). The
baZzZardlofl 'OTx compound and the movement

backwards of the screw leaves hot plasticised m%terial 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 cyclfis rmV~Iri*AHhe

same time, the station prior to the inejction pc™ntopens L |lo ~
units torBe removedpr mthe mouﬂi avme%(.:A pens,



ber of mould cavities per station depends upon their volume
The gtiot size of the machine, in addition, the total mould
gdthe 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 @O H Effective flash-free mouldings are not

pressure de machine, but by designing the moulds for tear
flming 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 Thl typical output from a six-station injection moulding machine
would be - g
Number of siations ~
Pairs per station
Mould teu”perature
cycle'i-ne
Curetime
206 pairs
Output per hour

Whilst the process for bottoming

rL °s % "braTers«
"therm oplastic rubbers can be satisfasctonly ..action moulded and are
now used for some casual footwear

Resi-n Rubberand Microcellular Solmg

ubber soling can be supplied to "~oulded sole and heel
form g%so?es cutfr%m pre-mot’flged sheets or asg g attractive in

units. High-styrene resin rubber flexibility, and is 4-5 times
appearance, combines high hardness with good 'lexi™ y

asdurable as leather Because of these prop uNgr 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 A gghiic nitrogen-generating
used extensively. Itis made by the addition o' NR-SBR blends, with
blowing agentto a soling compound, usualy , , _ 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 o
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 isby
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 ofthe 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

ohtff.n . ‘he toecap isa
AgM ft so that no movement occurs during manufacture. The toecap must

requirements aslaid 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 onthrsertictre auire ~

of the product, safety footwer is manufactured w irste ~I'irps on"
protective midsoles only, or incorporating both toecaps and midsoles.



.nd Antistatic Footwear

ConducW® (i, eliminate the build-up of static charges in the

Inarkinq as in factories handling exploswes and in hospital

®'":f. 8r antistatic footwear is used. Condgctlve ~ r \ﬂﬁ)u d

res, conc uswe ~ent ere
anly be used occur, it is essential to have a lower limit on

““ftlo gU adequate protection against dangerous electncal shock.
™ of footwear is referred to as'antistatic'.

compou P DO'iIROBsoecifies an upper resistance limitof

I0*Qand an upper limit of 5 « 10 n.

generalcompounding of footwear compounds

common inlheitmanufaciute are

rubber-soled leather chaé)pals n

boots and heavy duty industnal boots, etc. P
isto protect the foot from external h
surfaces, nalils, thorns, stones, “ampne

Here we will discuss the manufacture

llgmprolecliueoffasliron
function of any footwear
g”crid

compounds used m the
chappals and shoes

ror ran"ufo TrS fa r soling used for .awa, slippers and

n~"rrocellula””—
are lightweight, comfortable to wear and usuallyhavea
they are more economical than leather so es.
Types of Expanded Microcellular Soling
Microcellular soling is made in vanous qualities and
classified into three categories -

,,_Ore
I. Soft microcellular soling for hawai or beac s
IIl.  Medium hard microcellular for leathertope a

iii. Hard microcellular soling for leather shoes.

some characteristics of these soles are discussed below



Category Approx. specific

Hawai/beacli slippers 0.2-04
Medium hard microsoting 06-06
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 lov
cost, these slippers are within the reach of the poor population it
India and hence have become very popular footwear The havei
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 towear
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 soes
used for leather upper shoes.

Selection of Compounding Ingredients

Elastomers

The hawai and microcellular sheet compounds are normally based on

nn rubber, SBRar
pol\)llp)utadiene and high styrene resin blend. Y

rP,ili.nrl"S" 3e°" Compound and high tear and
i "igh tensile
high loading of fiHers with

SS -

SBR rubber gives better ageing protection and abrasion resistance than
natural rubber and is hence blended with natural rubArmany 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



Hn

U h»r loading it gives high hardness and a teather-lil<e

essential' A* Besides, high styrene resin rubber such as SBR-
htoherthermoplasticity to the compound.
,358givesn 9 to give good

s stance and resilience to microcellular products.

' Havs to manufacture los"density microcellular products, a blend
,»1S v C resin is used. It also gives excellent abrasion resistance and

resistance to oil

of microcellular prouu”io

S S S S S S

SSSi=rsH =

very expensive and hence, many atimer p

silicate, v~hich are lower reinforcing than "® 3,50 Med.
silicate, China clay, whiting or precipiate gi"es better
Precipitated calcium carbonate is semi-re (,Jay and whiting
processing characteristics to the they make the product
aregenerally used as extenders to reduce t (Ogpsity

heavier due to higher specific gravity and high bulk dens ty.

Plasticisers such as processing rM@g\°t,e'J,ardnessof sot

improve the processing characteristics an Hijspersion 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.or forvulcanisation.
Zinc oxide is nonmally used at4-5 p ras gcidic nature helps to

Stearic acid is also an activator and, hence, given better
decompose blowing agents at a lower te"P A g pih. 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 ® "~ lg yggd Fordark 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
setthe compound fast to seal the edges of the mould and should cure slonly
to allow decomposition of the blowing agent first and then vulcanise tie
compound. This type of accelerator system gives higher expansion The use
of Thiotax (MBT) alone is more popular in the hawai sole compound at 12.
1.5 phr level. For higher hardness micro sheets, use of Thiofide (MBTS) &
0.8-1.0 phrand Ureka White F at 1-1.4phrof Santocure CBS at 0 8-1.0 pip
with booster TMT at 0.2-0.3 phr is more common Sulphur is generally used
at 2-2.5phr 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. It decomposesat
120-140°C in an acidic medium and, therefore, in the fifiC 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 4to7
phr of blowing agent of DNPT type is used. It should be remembered thata
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. Itis essential to store MC compound for 8-24 hours after
mixing of bloving agentin 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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n compound about 3% excess

(DNPT) ‘'yP~.-T"elDS to seal off the edges of the mould. The moulding is

involume Jg in g hydraulic press normally at 140-150°C. The pre-
cSnrabout 75 to 80% of its full cure,

m r,irina ofthe MC sheet, the blowing agent decomposes releasing

Dunngcun g gas underthe high moulding pressure diffuses into

nn o”uring the press is opened. On releasing the external pressure
‘' f hntSitroqgen gas pressure, the compound expands and procured

duetoH i g h ¢ a v i t y , givinginnumerable micro cellswithin
th'L sTerTTfacilitate ea% rLase of the MC sheet, maud
cavlglﬁaé {gb%rl%g gdge,s,\generally at45"C. The C sheet on cooling shnnks

properties” well as to withstand wear and tear. It is then postxured in hot
airoven.
The quality of microcellular material can be judged from -
i. Specific gravity
ii. Hardness
ii. Splittear resistance
iv. Shrinkage control

on-
i. The quantity of blowing agent used
i. The volume loading of mould cavity

i. The time and temperature of precure sheets
Moulding pressure applied during °
Itwould be helpful to elaborate manufacture
"roSrs:irr;o s ” “

i. The volume loading of mould ca ty

sponge Irreguar cell
compound in the mould is ma*equa

A, 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

: L _ shape soling sheets,
leakage of nitrogen gas giving irreguia



iij. The time and temperature ofpre-cure - The curing of the MC sheet
carried out in press under high moulding pressure The precure tim*
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 increasesthe
resistance to expansion of sheet. Thus, resulting size of the sheetis
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
sheetwith 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.

‘. /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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m . msDecificpressureisdictatedbythedosageoftheblowing

Since the maximum area of the mould is given by -
agetmthe c pressure for moulding
Max. mould area - specific pressure required

for ttie compound

=nf ~oecific pressure used is lower than minimum or the mould
Jr.terrerirea tban Indicated by above equation, all the liberated nrtrogen

® rtoes not dissolve into the compound.

.0»,,a w - n .0«

™ L P
developed inthe MC sheetduetothedec P N j g,gdistorted,
dueto the slow opening of the press many atimes MC, sne g

In MC sheet moulding, the guide post of the
asanopening of the mould expanded sheet, tmay hit g
press and get warped, and edges may ecu determine

In the MC sheet manufacture, tapered » ggig |s lower, it

the relative expansion of sheet m'*"®* "®,ggives better thickness tothe
gives higher linear expanision while higher angle gives

sheet.

After the precure, itis essential to give posj*Y““peeves 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 N ,he nitrogen gas in each
lower down due to lower temperature® microceil walls are still Ina
individual cell is still under pressure. The |5ggs 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 R (ss] 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 heattra
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 gets 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 gve
poor flex and tear resistance, while dark coloured rubber may gve
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 1/0) and constant viscosity. Large variations in viscosity may
result in uneven expansion and higher moisture content will gve
blow holes or blisters in the product.

c. Crumb
"lesh size and
and >jsture content
comm nnf =""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*nnr, sedimentation value and
in va L"ionf Large variation in these properties will result
in vanations in the specific gravity of (MC sheet blistprino DO
reinforcement, lower flex and tear resistance ! ® »

e. Processing Aids
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»»0NSs in the properties will resultin variations inthe viscosityof
lheim pound and finally, expansion and hardness ofthe MC sheet
Blowing Agent
nniwina agent should be tested for grit and gas liberation vrtich
wrtrols the expansion of the product. It should be properly stataiised
ficcelerator/Antioxidants
Arcelerator/Antioxidants should be tested for melting point/range
and solubility in solvent to judge the purity of the nnatenal

A0S m od dispersion of sulphur it should be of finemesh It should
S te st 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 “ Afphysical

specifications for . ‘“njables 14 5to 14.8.
requirements for quality hawai sole are shown in Tab

Testing of Finished Product

To ascertain the quality of the product itis essential to test

ticrocellular products should be tested for following properties -
i. Relative density or specific gravity
i. Hardness of the sample
ii. Heat shrinkage at 100+ rC for one hour
Ilv. Compression set
w Split tear strength
M. Ross Flex testing.

The hawai strap compound is also tested or s
tensile testing machine.

ctrain oroperties on
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Table 14.4: Typical formulation for hawei sole (white upper)

Ingredients

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

140
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

5,00
2,50

75 0Q
140
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Table 14.5; Typical Strap Compounds

Quantity
100,00

RVA 6,00
Zirc oxide 1.50
gtesric acid 1.00
Monlaclere 30.00
AluTiiiniuf" silicate 30.00
pptd. calcium carbonate 30.00
China day 6.00
Petroleum jelly 2.00
Qresin 100
GG 5.00
Titanium dioxide 1.20
Thiofide MBTS 0.20
Thiurad TMT 180
Sulphur 0.25
Santogard PVi-50 4
Cured at 150'C (minutes) 1.37
Specific gravity 170
Tensile strength, kg/cm” 430
Elongation at break, % 65
300%moduls,kg/cm” 27
Angular tear strength, kg/cm”® 54
Hardness shore A*

Tabla 14.6: Typical formulation micro compound

Quantrty

Ingredients wo 0.0
RVA 60-0 100
SBR1958 20.0
SBR1502 70-0
RB820 40 6,0
Zinc oxide 50 5.0
Stearic acid 10 10
Montadere 20.0 20.0
Silica 40.0 350
Aluminium silicate 70.0 50.0

China clay



Ingredients Quantity !

Micro crumb 50,0

Petroleum Jelly 5.0 50
Process oil 100 50
Wood rosin 4.0 40
OEG 2,0 20
Titanium dioxide 5.0 50
Sulphur 2,2 15
Thiofide MBTS 14
Ureka white F 12

Thiurad TMT 01

Blowing agent (DNPT) 5.0 50
Cured at 150'C (minutes) 60 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: 1SI specifications for microcellular rubber soles and heels BIS/ISI :
(6664-1972) Physical requirements for microcellular rubber sheets

Type 1 Type 2
i. Relative density 0.60-0,70 0.45-0 55
i.  Hardness IRHD, min 65° 50°
li. ~ Change in hardness after +510 -0 5100
ageing at 100 + 1'Cfor
24 hours-
iv. Compression set at 27 + 1*C 12 1
for 24 hours. % max.
V.  Split tear strength, kg, min. 8,0 60
vt. Heat shrinkage at 100“c = rc 2 3
for 1 hour in both directions.
% max.
vii. Water absorption, % by mass, max. 15 20



IA K Physical requirements for standaard quality hawai seple

~ 0.3-06
45'-50°

Hardness IRHD 5.0
~,3,ge in hardness after ageing
, 100+ r C f« 2" hours. 15
compression set at 27 +1-C
for 24 hours, % msx 45
Split tear strength, kg. . 1020
Room temperature shrinkage
at27 + for 4 weeks. % max
Fiex resistance, number of cycles -
Roos F.Iéx testing nr.machme - 40,000-60,000
a Initial crack, min. 60,000-100,000

b, 600% cut growth

Table 14.9: Given below shows the physical requirements for standard

hawai strap _

1,314

Relative density 150-160

Tensile strength, kg/cm”® 400-500

Elongation, % 60 5

Hardness IRHD 5.5

Change in initial hardness

after accelerated ageing

for 24 hours at 100 + 1°C

Flex resistance number of

cycles on Ross Flex tester - 60.000-85,000

a. Initial cracks 100.000-130,000

b.  600% cut growth 3045

, Tear strength, kg/cm™

r specific Gravity or Relative Density

It helps to determine *he volume cost
on aweighing of compounding ingredi

gravity can be found by following formulations.
gravity more than one -

to keep check

mateiials. Specific
por samples having specific



Relative density

W,
or=-
W, -Wj
Specific gravity
For MC sheet or hawai sole having specific gravity less than on -
w,
Specific gravity = --------------mmo-meeeee
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 TestIRHD (International Rubber Hardness Tester)

This is awidely 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. Itis 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
alternatlTt rHi 9 5+0 2 mmor
aboIeS ‘tZ th? T hickness put one
27°7"r thickness ofthe samples after condmonmg for 24 hours at

27"~ C. IS measured as initial reading. The samples are pLed 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 houlJ

Compression set % = - 100



Initial thicl*ness in mm
VEIR °=Finalthicknessin

split .00 X7 +0.2 mm along and across the direction of

_nns sow inthe centre between the top and bottom surfaces for
sheetiscut. tISsp a, the end. The
jdistanceof 30 m g”d allowed to

tongues / ‘I'tant rate of 75 mm per minute. The maximum load is
aid the arithmetic mean of the four tests in kg is split tear strength.

SSP-SSSS

test, a2 mm cut in gogo/, cu, growth resistance in the

S I*;trm b eSS «"rA
growth resistance is recorded.

e , 0,.. »c

aldehyde/amines are evaporated  °P®" " |, is, therefore, essentel
ofeyes and in extreme cases gives mild skin irntatraa™

that the moulding room should be PP J working hours, operators
with exhaust fan to drive away gas , ,nhextreme 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 ~~uld'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 .tV 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 A intensile strength but

break. In contrast, rubber is soft® structure similar to a long

higher in elongation at break an

and inter wined chain. , hiastomer to elastomer, povides a

Vulcanisation, the Macteristics associated with rubber.

mn



Metal

~w MY 1

Cij

Elastomer Plastomcr

Fig. 14.9: Metal vs. rubber structure

Fig. 14.10: Stress - Elongation behaviour of steel and rubber

bonding agents, these two materials can

be ccmhTnIT?
composites suitable for use as structural

con"Dmsnfr  2th

AgesYes ttf

automotive indust™fA"TyF SleTaTptesTcAM W

Engine mounts

components is the

Axle suspensions
Shock absorbers



~  Flexible couplings

\ Shaftseals
A Friction and torsion bearings

Ui 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. Irinastrr the mechanical engineering and building industries. Typical
“l S s are vlbVation 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
Itk Mds for caterpiller vehicles as well as in the military industry. Further
Examples include rubber linings for tanks, piping, flexible tubing and cable

"""Thttypical film thickness of the bonding
20pm (0.8 mil). Compared to the rubber layer to be bonded, this film thickness
isrelatively 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. w™ r=inthe

During vulcanisation of the elastomer

adhesive film. This chemical °la®xct,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 1to 4 MP # depending on the type of

hand, may well reach strengths of 10to 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

‘aeég\%;fd ardbondig -%r}{s §oon reach their practical limits.

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 or 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, itcomes as no wonder that rubber to
metal bonding technology can look back on a long and eventful historv thai
includes- to™

I Etranite
ii. Brass bonding
li. RFL dip system
iv. Phenolic resins
V  Latex/albumin

Mi. Isocyanates

vii. Chlorinated polymers/isocyanates

viii. Halogenated polymers/cross-linking agents
ix. Aqueous bonding agents.

Ebonite Process

tothem iz I'® of rubber-to-metal bonding technology dates back
and still tnH lastcentury. The ebonite process, patented around 185C

vuicanisates with high sulphur contents (35-40%) which are almost

resits applications not requiring special temperature

reach Z ndinfrn g ““ies, ebonite coatings on steel

Brass Method



Pia. 14.1: Bonding s.rsngth as a function o, me ta.parature

This technology dates back the of rallers,
thatthis method was used on a commerce 3teei
inthe tyre industry, this method is .~"nology are that It requires
cord-to-rubber bonds. The f b o n d . In addwWon,
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
isstill out-performed by latex-albumm bonding syste

Latex-albumin Bonding Agents aHhesives feature the dual
Based on latices and t* rno”ot*n thes®"

advantage of producing high-strength (jates backto ttie thirtes®

improved temperature resistance. aqueous system for ad ®

The product, Megum SK, as ” ‘rend-sett ng*_ agents for rnany

atthattime, provided a standard“r ru b~ resistance, espec:|a||y reS|stence
years. However, the demands on chern”l re 373,3M.

to hot water, oil and fuel, soon n
Isocyanates, Resins, Chlorinated o0y Mghe are a number of other
Apart Ironi the systems tJeso”d g polymers, isocyanates

sreit"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 intho
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
ii. 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]

20 40 60 so
Storage lime al room (empennurc (h)

Fig, 14.12: influent of .he a.heslon o, parts coated wit.

Primers

VLY A% (S0 i
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AAn,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.

SIfBPeBond"Agjnts based on reactive silanes.
°"t"S b~nd issupposed toform by reactions ofthe stone atoxy
a on the metal surface. In addton, the react-ve
T S n ts oUhe sil*ne reactwith the elastomerto be bonded to the metal

Theyrequire more complex bonding systems.

O-HRO R—-
\~

O HROA\)-R

-O HRO R-
-O HRO"™A3 oOR
0 -HRO R -
\ p v
- 0- HRO/-0
,4.»: Bondmg brommated or
Such systems generally inclu g.7gn,f,e varying structure of
echlorosulphonated polymers A 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 " A3, 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
notyet 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 ritroge,,
compounds or isocyanates, these polymers form the bonding agents whose
properties are adjusted by adding functional pigments such as carbon back
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
Methods to Characterise the Activity

Up to now, the activity or suitability of a bonding agent for a spedfic
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 flm
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 restits
of the adhesion test. The values determined at a temperature of 170°C deariy
show that as the bond strength decreases the higher the degree of aoss-

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 o
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: Reactivity of the adhesive Aim following curing a. 170-C

The resulting graphs n
isothern. and are thus similar to rheon”eter graphs. y

describe the reactivity otthe adhesive film.

R.acllvity of the adhesive film following curing at 190-C

Fig, 14,16:
between the ,(jerably as a function of the elastomer and croos
graphs The resultofthe bond adhesion testof a given compound

cannot'bSI*dTcted on the ba”s of the dissolution graph.



Differential Scanning Calorimetry

Another method to characterise the activity of bonding age
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 ofa
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” earer point in time thus having an impact on process
«Oabilft™. in addition, it proves that this type of adhesive is suited for quick-
acting only describe the reaction v/ithin the adhesive
¢ °TTto whatwas stated for the dissolution cun/e, these measurements

" eolrnlyUited indicative value for the corresponding bond strength.

elimination ofthe Phase Boundary Using X-ray Methods

Combined with EDX (energy-dispersive-X-ray equally

""C o i™” p C t shownbymeans"WWW
the element distnbution within a defined P
raydistribution pictures whichalsoallowforgan”
X-ray emission can be used

elements by energy dispersion ®
Inorderto use these analytical

between rubber, bonding agent and meta ,

measurements. Hence,

description of the phase boundary
boundary first has to be set

Taking the examples discussed

by mechanically destroying the surface at the bonding agent/
To facilitate rupture and obtain an eve ,|ied to aground metal surface,
metal interface, a standard bonding agentis "PP"®&" ° e

Subsequent analysis

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.

Figure 14.18 shows the elec ~
focusing on, an enlarged section. For a quan® 3,7 ,erent points
concentration, element-specific X-ray points of measurement -
of measurement (points 0-16; spacing between P
4 microns).

Figure 14 19 shows the
determined by analysis are typical components

~Mch a surface,

examination The elements
of a bonding agent, namely



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 aso
detected in the rubber matrix whereby their concentration continuously
decreases as the greater the distance to the adhesive/rubber interface

IMM4111 1l ia”;76%$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



, Techniques of Rubber Products "7

I bondingagents. Microprobe analysis allows a quantitative

atthe interface adhesive/rubber diffusion from ttie rubberto
The above-described effects,nd,cate *a.d,ff* n

the bounding agent

Furthermore, componets

interface (nitrogen) and even ° #

Diffusion of zinc and sulphur exp

a d S e diffuse towards the adhesive/w" W
,,ber matrix (chlorine and bror*me”
degree of harden,ng at the



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)" m
to the ii«erl;icc liclwo n

Figure 14.22: Element distribution along the points of measurement of the
microprobe

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.

CELLULARRUBBER

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.

Onthe other hand, both sponge and expanded rubber are made dirertiw
from solid starting materials; the essential difference is thatthe produ$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 processing
details or the properties of the end product.

Expansion Technology

To appreciate the refinements in technological formulations and the
control of processing conditions in all types of cellular rubber production, itis
imperative to have some understanding of the expansion process itself.

The exparislon technology of cellular rubber is conveniently divided into
twosections, covenng foams on one hand and sponge and expanded rubbers
onthe 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.
ltis 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
bybeating 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
atan 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
A A"mercial 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
microprobe

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/Aoat bonding mechanisms which occur in rubber-to-metal
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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
“**| f swcture is intercommunicating.

* ~AhPrhand both sponge and expanded rubber are made directly
1t3rting materials; the essential difference is that the production
solid SiaK M intercommunicating structure,
method %"pande njbber' is applied to those materials which have
rlosed cellular structure. It is unfortunately common in the
*'“frffor hetemis foam' and 'sponge’ to be used to describe closed cell
Ts. 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
contral of processing conditions in all types of cellular rubber production, itis
“ “rative to have some understanding of the expansion process itself.

The expansion technology of cellular rubber is conveniently d*ided into
hvosections, covering foams on one hand and sponge and expanded rubbers
onthe 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®
Itis 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
bybeating 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 Agents

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™ I 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, ina
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, ae
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 systemis
produced. Finally, the gelled interconnecting foam is vulcanised.

The expansion technology of the competitive polyurethane foam closely
resembles that of latex foam, butwith 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-viscosity 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



y ,.»gTec,ni,ues of Rubt,er Products

* f viscosity the low strength of the rubber matrix allows
At low levels ° N escape from the matrix, leaving a coarse
gas bubbles to ¢ expansion. If a more
structure N rnatrix, first of all, withstands the expansion
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Jnough to increase the degree of expansion, but eventu”ly
wrcesofthegases eno g viscosity, the forces with ;n the

‘fie enough to prevent sponge formati

on and a fine closed cell
“bberarela geen @

viscosity, the gas wil be
product results contained within the matrix at pressures h.gher than
‘®""nheric pressure leading to a reduction in the degree of expansion.

atmosp ,.i~ pcharacterofFigurel4 23 isstressed,anditshould

the specific parameters
crntrol a partLter mix. Mooney viscosity has been used here
"' liuX atiroth er measurements such as Wallace or Williams plasticity
'ITa so be the important consideration is that the parameters
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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, bt mtrogen blo«ng
agents may also be used. All closed cell products are expand” Is~S
gas. In both sponge and expanded rubber production the g "= * »
available at the viscosity level best suited to the PA°/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
to take account of the Interaction of the latter with the curing system.
Density Variation

9

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 inis
properties. When a mass of cells are produced, the shaping of the ce ua
matrixwithin 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 toa
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, axd
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 itis the integrated property which is under consideration. Itassumes
greater importance in slab stock which is sliced into thin sheets for later
fabrication work: dimensional changes take place as the stresses due tothe
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_ of of
moulding moulding 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 intemal
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 ofthe 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'M'ne Droducts include carpet underlay, industrial sheet, t™>u"#ji.
automobile sealing strips. The mixed batches are pr<“ssec o-

I"lenders to give the required section or sheet stock from v,
eKmnidefs o . I applications requinng a tough outer skin, such as

tebank P P ..[thout blowing agents in calendered sheet
edtoCsVonge profile. This process has limitations becau” of
ra'lrenfa?fxpansion behaviour of the two materials during the mould.ng
isovercome 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 eitherfr~ ly j ma
which is only partially filled with the moulding compound. In the free

S"od,the7elLnisLa™”"
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"Pertie® Sponge
compounds are not usually highly blown, and a volume °
common. Adequate venting ofthemould and liberal
agentsenable air to escape freely from the surface of the matnx and so avoid
theformation of surface blisters.

Expanded Rubber

Closed cell products are manufactured as sheets,
moudings, and in many ways follow the sponge manufacturing methods”
except that the viscosity control values are higher; the fluid bed pr »
areused to manufacture profiles and moulding machines to produce footwea .
Afuller 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 inthe sa ,
and its viscosity, to ensure that the dimensions of the finished expan e
sheetare 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, butthe
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 isfinally 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 nm
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 a
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 48
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



Alactun examples. The largest quantities of rubber

sufaces manufacture of balls for the games of tenn,s and
jfe, however, use

golf.

Tennis Bails essentially of a hollow rubber core covered with a

N® T\2osed offotand nMlon. The following specification is met
d o « i 20“Cand arelative humidity of 60% -

i. Weight, 2-2 0z (56.70-58 47 g)

i 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).
» 4B ) no " X i "

‘Stevens' machine.

Two distinctly different types of tennis bails 3"® A about 0 7 Kgf/
that is most common has a core pressurised with air g g”nsed or
cm”~aboveatmosphencpressure.Thesecon”peh
‘pressureless' core, having the advantage thatits p y nressurising
retained over indefinite periods of storage. Permea i .. ]| storage
gascauses he pressurised type to become softer and
over periods of a few months, unless itis kept in press

The two types are made by similar AtiNInNaghathicker-

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 Aprgshifn
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 N

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 100,0 Natural rubber 100.0
6PF black 30.0 High-styrene resin 30'0
Clay 32,0 Kaolin 200
Zinc oxide 9.0 Stearic acid 20
Sulphur 35 Sulphur 25
DPG 2.0 Accelerator 10
HBS 1.0

Cure 2-1/2 min at 150*C Cure 4minat150'C

1. 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.

i. 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

inflateSodu

«chemT™?m”h P™Mssurisation offer different advantages. The
bv but, on occasion, the
by-products ofthe chemical reaction crystallise and produce ‘rattlers' 'The

SrTwTno ~ - r e t"es “ n"to
areatermaw nfm t ®"'®"3®'lient and consequent
aX m AT ~e "AVPica, cure times
Chemical pressurisation 4minatl50"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« [

al”™iS ;;a="i::-"°e" " “A--<ionls th\»



, inth is made from weft yarns of blended wool and nylon

Tennis ball cio  » A manner that the weft appears
. into a fabric.Thissideofthefabrioisthengivena
~ m rfiocofthewooito give in.«. W..— - e

flight and wearing properties. For adhesion to the core, the
ANS the cloth is spread with a vulcanising solution and dumb-be”

blanks are then stamped out. These are arranged into packs and
sheped blanks vulcanising solution by a dipping process. Itis

O™ L« » " wu o e "

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
IrL SStwith extreme precision if rejects are to be avoided in the subsequent
S ~SiT eration. which iscarried out at 130"C for 12 es to
Licanise the cover to the core and form the searn. moulded ball ®
steared to raise the nap and to remove tne mouding line. It is then tested for
compression before applying the transfer marking and boxing.

ItISinteresting 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 18”. P

raycore-woundballdatesfromthebeginningofthecentury, om

Ithas 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
typeacceptable to the majority of golfers
‘goShbhalls are made to meet specification laid down by “ ntfolling

tha't the ball must weight not more than 459 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 factthat, other things being equal, he smaller and
heavier a ball, the further itwill 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 GolfBalls

A 'wound' golf ball consists of four components -

The centre
The windings of rubber thread
The cover

iv. The paintand 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 dy
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 dy
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
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Vulcanisation ofthecoverg”g|_ 3ff,oLjrs at atemperature of 32 a
ballsto 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. Painting and Marking

~nmoression, before being
The balls are carefully graded for

isthen applied by rotating
given a paint re-treatment. White P°'vureth P oscillates
L balls, held by metal prongs, in "pg'l, s'rface. The name and
through the arc o1 acircle

with a clear polyurethane
numerals are stamped on, and the ball is fmishe
coat, wrapped, and packaged.

SolidGolfBalls ,hPnastto produce acceptable golf
Many attempts have been made mt P (-ore winding. These
balls by m.ethods other than the complica P (-lick' The

have generally failed due to inadequate resilience with extreme
probleﬁ] istodévise a compoundawhl%H comb’%]neA



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 itis 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 fora 42 67 m
ball are given in Table 14.12 “im

Table 14.12: Typical mixes for solid golf balls

C/s-polybutadiene 100.00 C/s-polybutadiene 100.00
Butylene gfycol

dimethacrylate 56.20 Dtvinyi t>enzene 62.50
Silica 37,50 Silica 62,.50
Dicumyi peroxide 3.13 Dlcumyl peroxide 313
Cure 10minat150°C Cure I0Omin at 150'C

°f these balls is extremely good by the

Itis interesting to note that, because the solid ball is homoaeneoi.c. in
ronstruotion, its rotational inertia differs from thatof a conventional core wound

CABLES
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jacket formulated primarily with regard o t micTant=!f"
formulations, the primary consideration.: in properties; in both
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conditions.
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In the period when natural rubber was the
insulation to paper, its use developed in thLeTrTAN |
conductor sizes were appropriate-as in liahtimt 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
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domestic, commercial, and general =
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this area that the use of the thermoplastic PVC
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Special Purpose Cables Qailwav

The principal applications Include shipping, al f/|p7jnng,
signalling, loco and roning-stock winng~Railway track fee” poor distribution,
liftwiring, welding electrode leads, medium voltage (10 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.

ii. Fire resistance is meantto 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.

Ageing and HeatResistance

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. nr, its alternatives, and CR are used for the former,
EF=\ HR, CR, and NBR-PVC for the latter. A much smaller temperature
A purpose cables with operating temperatures in the
range 100-160 C is satisfied by silicone njbber compounds. These temperature

An'A . . .
yggrs?anh'j usually 88—30 years. >0be associated with a life of at least 10

NRhlIt“"accelerate d ageing and natural ageing of
ofrhp Ar~fn ®  experience. From this knowledge and the application
aaeinn oMained from extended accelerated
for thp A possible to establish a logical basis
elastompre accelerated ageing requirements of the new

""sulation and sheathing

rrhenius plots are also
glven in Flgure 14.26 for HR and EPM insulation compounds in current use.

rar"oound Jp r

elonaatton”l.rhl°L"®"" usually in terms of
elongation at break, since electrical failure of a cable restlts from the



nanical consequence of ageing degradation. The different shapes of the

urves (Figure 14,25) render the old two-point test inadequate, and a

| 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
overthe 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
beenintroduced. 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 theircompounds 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.

10"

Fig. 14.26: Arrhenius plot of life against temperature for 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

indication of the performance

nSia™

manufartirinn ® criterion of compound formulation or of
resistancpranh*\'"\'"MAMEN example, volume resistivity or insulation
SCISs ' ratios in hydrocarbon poiymer
noleadarscham involved in the ageing of elastomers resultin

properties thp .hi by the changes in electrical
] nges in physical properties are much more significant,

compound design*Cahi«'f?
voltages of the order of

dc.Thenom ,a[*:IrSAA
insuiant is the apparenfrii ?

measured on cable samnlpfAh  strength against time_characteristic,
cable samples. A typical example s given in Figure 14.27

w 7®" distribution have been manufactured for
up to 150 W



tt ni™cturing

Fiq 14 27- Typical relationship between apparent dielectric strengtti and time,
for 50 kV X-ray

It Wil 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
thecurve, in which dielectric strength decreases rapidly with time, is indicative
ofthe effectof degradation ofthe 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
ofthe 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)
isafunction 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 inthe determination of individual points and
lhe shape of the early ~ rt of the curve is subject to considerable variation
from comnoiinrt foeomDOund.



\» Practical compounds, at the higher electrical stresses the thp
effestis comulatively unstable and, consequently, predominates. As the sta
is 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’
tofonnulate, 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; thisis
probably because of the greater experience and better understanding of tre
compounding chemistry for electrical applications. However, IMRis rapidv
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 ke
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 nomelly
free from discharge at the working voltage. Corona resistance of a compound
1s, 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 sanple,

e een the electrodes. The compound Is also usually submitted to
mechanical stress during the test.

flexibility, the conductors of cables often consist ofa

"rr. I™R® ® which leads to local increases in electrical
cLnn=, H h® 3" gaps at the inner surface of the insulant
Snductinni'? ® encouraged. To overcome this, a layer of

Ad borhzZ . included immediately overthe 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
compoJ” , Important natural rubber and, for the more special applications,
containing materials CR, CSM, and NBR-PVC. Many of these
#8®F 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  thesheath To avoid the risk of shock, a reasonable minimum value of
1L 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.

A

moisture Resistance

perhaps of more concern than the initial electrical properties of
compounds is the stability of electrical parameters which are most affected
bytlie absorption and permeation of water. Access of an elastomeric insulant
tofree 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
beintroduced 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;
inelectrical 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 inT
case of insulated wire cured in high-pressure steam or in a continur,,,!
vulcanisation process, this effect can persistfor 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 toa
limited extent, as in the case of heat ageing.

With natural rubber compounds as a base, compound evaluation isbx
comparison of standard samples of insulated wire immersed in weter
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(tisfactOry short-term test is available, and a full evaluation of a compound's
performance may take several years. Resistivity has been found to bea
more sensitive criterion of performance than any other electrical parameter

Fig. stability test - Insulation resistance against time of
Sion for various HR insulation compounds



ThPvariety 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

“*II°rprhanical compound-handling arrangements are also influenced by
ime complex range of materials, h/lixing is commonly by internal mixer,
“*fh mJ mixing being the exception. Because of the importance, electrically,
(Z d dispersion particular attention is paid to the particle size offillers in
Inpct 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 outwith 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
isreduced.
Application of 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.
Amachine 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 conductorto be covered orthe 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 (Itsh® 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 dum
type of fitted with caterpillar tracks (caterpuller), together with pay-off axd
take-up stands. In modern extrusion lines, the two capstans, one behind ti
extruder, one in front, are interlinked - one with the other and with the extruder
drive-and coordinated so that the line can be run at low speed for setting tn
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.

i | lati
Insulation  Sheath nsulation Conductor
compound compound compound
[ extruder
Conductor
Sheath  Micanising
die tube
vulcanising

tube

riirinn-r'~u Principle of synchronised dual extrusion machines
Curing Techniques

discontinuous or continuous, is,
cable to be produced in o'l ‘he length and size oftp m

method to be used eo tho requirements dictate
of high-voltage cables ’ “ htinuous vulcanisation for the insul?

determined mSlivbv'Zrn



ggtch discontinuous, metliod, me insulation or sheath applied

nhe processes outlined above is cured in an autoclave in steam at
uyone figsponding 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

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

| or other anti-tacl< agents. Cooling before take-up and some form of

s raint during curing are also necessary. The smaller cables, particularly

those covered by extrusion, are sometimes coiled spirally in a large-diameter
shallowtray 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,
aspartofthe aibber-covering operation; or separately, in longitudinal covenng.
The steam during the cure causes the tapes to absorb moisture, to shrink,
andsoto 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
isdependent on the volume of rubber per unit length. Inthe 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
heatfrom 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
@mcharactetuics 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

Diameter

undgr C_overing Line Steam Steam  Qre
Covering Covering  thickness ~ speed  pressure  tength e

(mm) (mm) (m/min)  (kgffcm®) (m) ©
General purpose NR
insulation 2,6 0.8 200.0 14.5 80.0 20
Higfv-vottage EPM 5.2 67.0 9.0 130 25 150
msulatkin (11 kV)
NR sheath 95 13 650 145 5.0 5o
CSMsfteath 95 13 30.0 145 550 1100

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. Itwill be evident that compounds for CV must
have a 'fiat' cure characteristic atthe 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
pituction Ligmd salt baths also have considerable promise The shot
~dividual lengtrhs require the use of shorter curing units than CV, Since

f operated at, or near, atmospheric pressure, porosity of the
com”wfprirL°fc °“ 'Asion of air and moisture in compounds has to ke
respectively® * ofvented extruders and an hydrous lime in the compound,

Specialised Elastomeric Cable Components

sheath®|3stomeric cablecomponents of insulation ad

resisti”ife”~n"® compounds of NR, HR, and EPIvl, formulated to have

cables NR and rp electrical stress control in high-voltage
MDies NR and OR compounds with resistivites of <10n cm have been



ifacw” A
tective circuits in flexible mining cables and are now coming
""@era® use, as defined in NCB specifications.
integ freauency interference from petrol engines is suppressed by the
,rR compounds with resistivities of the order of m cm, for the conductor
dof a metallic wire in cables for ignition circuits.

"*'%x»ints based on CR and CSWI are used to impart flame retardance and
.hJdresistance to cable coverings, e.g., textile braids. They are also
fZ r rore identification, particularly CSM which gives better colours, and

teadd ozone resistances and oil resistance to insulants based on hydrocarbon

elastomers.
manufacture of miscellaneous products

Products 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, polyester”
glassfibre 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
bya short heat treatment when pressed between a metal and a mbber shaped
ig-

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
forsubsequentpartingoffintor™”



Many of the products can equally well be produced by means
calender The choice of method depends on many factors - the ability ofl®
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 - tbim
sealing and trimming strips for automobiles and domestic appliances, soe
welting, etc., supplied in long lengths to other industries and users tocutun
as required. The vulcanising methods are either back or continuous and bah
solid and cellular rubber sections are manufactured. Trade marks, names
sizes, and other details may be imprinted on the extrusion by allowing itto
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 o
ensure that extrusions meet the designer's requirements dimensionally ad
shapevKise, at least in the smaller size range. There are, however, lage
sectionextrusions where collapse and distortion occurring during handing
and cure, demand special treatment. Tubing may need to be blown ontoa
mandrel; other sections require support on specially made jigs. For fire
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 ato
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
A produce rings for such ltems as seals and driving bands. Tre

samp m'iv* freshly cut surfaces are coated with a solution of tre

Dolvmprs' bonding agent in the case of solvent-resistani

calendered film ®satisfactory bonding is to insert a 0.1-0.2 nw

theilf f solutioned faces of the joint. After ma\\Q

ea’eler n .
theiolnt fnllnwcH  placed between heated platens. A short cure isgwe"

vulcanisation ofthJwhole'Snem



Aromoonents from Extrusions

pgnB(K>" jAgr extrusion is cut into suitaote ma-.g.r,;:
i binir b{/[ parting-off ,n a lathe, often bv
as moulding b An * with rubber or
Aechanismsjh® ~ e r,a | to protect the knife and avoid contan.inat,on c
Ner ottt ' icanised tubing is similarly cut into washers and gaskets
A ances are h*  on the internal and external diameters
"*A'ACs°on w/l nLed to have L n cured on a mandrel of the correct SE8
shrinkage and the outside diameter ground before the partin%-off
3,lowing forshrink g producing a rectangular section washer
s in g OMrepanning from calendered or moulded sheet mousing arc
Natives Stafoners- bands are made from extruded tube altowed to ftetten,

ald than vulcanised, and cut to the required width by guillotine.

endless Shaped Seals from Extrvstons

For automobile and aircraft window and domestic appliance A
accurately shaped comers may be required. A widely us” n
save the cost of complicated and large moulds v~ch te
meke 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

tothe 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 fA the """fow ord~r
Alternative methods include the scarf-joining of the extrusion into an

nng and then by means of suitable mandrels or form ers (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
thatit will assume the required permanent set.

Solid Tyres

Rubber-tyred wheels, casters, and drive pulleys are manufactur?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, inwhich the rubberis 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 tw>- 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.

HollowAtrticles

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,

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 - bootsa !
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 szn’
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 i,
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

3

~p

production of simple flat or
diaphragms from unsupported and supported spread or
teads| T . "» "I®"®'- diaphragms with peripheral and/or centre
convoliitirvnc AMasmbling 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 flZof ru neither distorted, straineS, no" damaged ty

dowellinqortanprin two-plate compression moulds with accurate
ng or taper location are commonly used.

sliohtivrnn?T!

with minfm”atrStenM to designed to roll in use, giving long strokes

of such products have a“abilcr"" T . .
knitted The essential nfth ? "®"f°"=efTient which may bs square woven o

fabric and then moulding® Pre-forming of a top hat from the

withthenecessrSs orl "t"rubbercoating on one side of the fabnc
metal components Provide sealing when assembled inthe
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diaphragms with the rubber or, one
pressure. This ensures that

*®&""'lonTfebnc and rubber takes place as is liable to occur rf the

;5 S facesthe pressure.

Kis common (rac

=k are used to seal anything from a wristwatch to the freight
Rubber "7% ,ay bean O-ring of bore 0.8 mm and cross-

joorofan ,atter may have a section more than 40 mm
sectional diamete ' .ig_nth of 15 metre. Figure 14.30 is a chart of

aoross and a oircumfe AMt,ber Some of
haviliready been discussed as being manufactured by
techniques other than moulding.
SEALS
n

Sialic
Reciprocating

| Gaskcu andjoints
Flex-automatic

- I

’
| L M tullic Non-mcoilic
Lig,
Squeezc-typ«
\ — 1 J[ '
Sinple compound Moulded, Meul split  Diapbragms
txdu.,on rex-auton,a.ic myg.
------ 1
Squeeze Lip
Bellows, Wiper prt-mouldcd
boots
Simple
Ubyrinlh Mechanical  Split rings Hydrodynamic corapoimd
A packings
r | Flex-automatic
Son Prc-raouldtd [R—

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 O
Ofing Rectangulor  X-iypc D-typc T-iype Delialye

Fig. 14.31: Sections of squeeze-type seals

CupsMlI U-scal V-scal

Fig. 14.32; Sections of tip seals

__In the case of the lip seals, sealing is achieved by distortion of thp
assisted by the pressure in the system ‘Nisrortion of the ip

All-Rubber Seals

=f fiaiority of squeeze-type seals are all-rubber and the same annli«

cavities. A™ ttMaTpart* rthe” typewith single or muitiple
manufacture to ensure oerfort rfr,
under the high-pressurp mn

<w2uire- The blanks used are either
cord section nnas orpnaro”™ k -
from Hie sheet, orjoining the extrurilrt

>»=atse mostoftrmouwl. 11f
(back-rinding) flow marks air trapping, retracrated spew

flash and accurate match

rectangular or
extruded tube, punching

Cons,derab,r 7
nngs, an3in particulartn IhT

transfer and injection of 0-
or P—

and to provide strenQth/ N2 f increase modulus and stiffness
af and tear resistance. Fabrics of ail available



fines are used depending on the service use, in particular, temperature
INlanufacture 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 ofthe finished product before planing in
(femould. 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
asapunched 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- Metal -cased Metal -cased Eml>cdded Bonded melalcased,
cased with garter bonded, with  metal case  spring loaded with
garter 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, itis 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 lilely dimensional changes in the seal material due to uptake nfr
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. Itis probably easiestto 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
ofa 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-
forthPIT f c'sfTiPS immediately and allowed to recover
oor*te ~ure
proMdreTnzJ y "nations of
S me”vtrnl. AN component of the
Chosen method ma <48 the spread high but one arhitrarily
eSLTs and unreliable indications of the
S ta observr.n?=" circumstances that stress
what is taking place. as giving a more complete picture of
hardnefs'*n'Sn2'll1I1~® ™are 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'lrde range
their resistance?rm?neral a'nd'ett* °h » because of
The mineral oils offered varv in f "~A"cants and to hydraulic liquids,

in nitrite rubbers. It is important tZ T h hh*

PUblicationbytheAssocia™ionofi:r;* 1V: § ool



(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 manutaSturers will be
ableto provide suitable rubbers. This scheme is based on the observed liner
relation between the SCI value and the swelling of commercial nitrite rubbers
inarange 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
otherwater-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 O-ring play balls, bushes, shock absorbers, rubber
rollers, battery containers, etc. This industry can also work as an ancillary
oneto many large scale units. Infact, 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; afterweighing 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 AXQ
China clay 5-18 kg
Sulphur 1009m
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TMT powder 100grti
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.

i. Extruder2” complete with electric motor (1)
ii. Mould - assorted L.S.
iv. Steam heated presses (hand operated) -14"* 14" size (4)
Steam heated presses (hand operated 16" x16" size (4)

vi. Baby boiler with 80 psi steam pressure (1)

vii. ~Weighing machine (1)

vii. 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
- 60%
DRC, Vulcastab L.S, 20%

casein, caustic soda,
accelerators, antioxidant, calcium nitrate, distilled water, packing material.

Process of Manufacture

zihc oxide, accelerators, antioxidants,

etc.

separatelv ThpHie Nispersoi L.N. in a pot mill in suitable proportion
in a Hobart * ® 's mixed with 60% DRC centrifugal latex
products Id . nTL-f: A moulds of the required
tank. These arpthpn 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

'« Hobarttype mixer-3 speed, 25 litres capacity, complete with 2 H.P.
electric motor.

li  Potmill - 6 pots complete with 3 H P. electric motor,

lil Thermostatically controlled air oven 3" » 3" « 2" (2 KW).

V. Coagulation tanks of plastics, 25 litres capacity (2)

V Moulds L.S

M, Small weighing machine.
Rubber M attings

Rubber mattings mainly find applications in automobiles. These are

mede 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)
i. Spreading machine, size 12" » 20" (1)
ii. Churner, 200 litres capacity (1)
iv. Vulcaniser2"»6" (1)
V. Baby boiler for 80 psi pressure steam (i)
Vi. Miscellaneous equipments and tools, etc.
Process of iVianufacsture

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. Itis then cured in avutcaniser



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 ol 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 (5to 6 Nos.;
Weighing machine (1 No)
Testing apparatus (1No)

Rubber Tubing

Rubber tubings are flexible aibber pipes of low diameter and used intie
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 tac



apan stick and then transaferred to vertical vulcaniser or autoclave wtiere
vulcanisation is done in open steam under pressure of 48-59 Ibs 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 125
Sulphur 3.00

Itis vulcanised by steam at 50 psi pressure.

Plant and machinery requried

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 HP. 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
Testing equipments like, thickness Leach

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 attemptto 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 atthe
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, itis 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.



th e MATERIALS

Rubbers 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
ofwidening 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
make 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

Thermoplastic Thermosetting
Rubbers
Higli Low calorific Very variable
calorific value calorific value
value (PVC)
I S|
Used Compounded Used All compounded
alone alone

Fig. 15.1 Thermosots and thermoplastics

This very simplified arrangement in no way illustrates the wide variety
but serves to meetthe fundamental differences.

Of the two main families - thermoset and thermoplastics - the difference
isin 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 inthermoset polymersthe side chains join during processing
toform arigid 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 theirown, 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 thevArrviitirank”~”th” Particular class ofthermosets 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 *=ess of de-vulcanisation

9 en to the problem of recycling. Two forms of product
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Dijjyc/Ws

uotpd - crumb and reclaim. Nevertheless, the problem of de-
11 & n remains unsoh/ed.

datura”" r@" . .
ml-jis 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
Atistance flexibility at extremes of temperature, resistance to ozone, etc.,
I'ndtherefore cannot be regarded as capable of replacement by natural aibbers
athough in some respects, synthetics can be used in place of natural.
Compounding Ingredients

Particular optimum properties of many polymers are only obtained by
compounding both with other polymers and with mineral fillers. A very wide
range 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
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
andfiller, 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 @ 70und”
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 er*l 'S

the converter in a blended state. Heat Is usually both appM

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 ti\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 itis
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 itis 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 forimmediate 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
ISrarely 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
can 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
simple way is by applying a new layer of tread rubber to the tyre's periphery.
TetLded 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
TbuzZ rlU g sLe oftheoldtread. The ™ A
mcrumb' and itis 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

v iox
Itis good practice to mix 'like with like' but save f°Au strial waste,
almost impossible. Compromise is therefore necessary.

Rubbers



tyres are blended in this way - trucl< tyres contain more natural rubber than
passenger-tyres. The bestthat can be achieved with re-using tyre waste isto
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.

ThermosetPlastics

Thermoset Plastics waste is usually cured or part cured. Itis in lumps
and flash and since it has little use it is usually discounted as rubbish. Some
processors grind itto 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 itis
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
ofre»clPd I h f " classification
conclusion is that, whilst

e waste rubber
exceptional economy

marginaUavinolTn K, impression that only
™ANber Of companies which make

good bultneTs
Lch corornv ! that at the head of

ind thTuTnf "
Nevertheies"



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
ingeneral 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, itwill 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.

Thennosel .
ingredients Thermoplastics

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
agthPri"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 rT fH APP"=a«°ns may be used in down-graded
is practised npnrin?lf polymers, grades of polymers and colours

g ded scrap (e.g., PVC) and contaminated mixtures such
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asoccurwhen 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 g1
Output rate 226 g/min 183 g/min
Fusion started 12 turns 12 tumns’
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, Tougti

glossay. smooth ripples on one

some porosity 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. Productand 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.

Atthe 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 ofwhich are good heatinsulators, 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 butcheaper 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 7.6
0.7
Direct incineration
. 1.0
Pulverisaiton
0.3
Composting

Direct incineration and pulverising are being adopted increasingly but
directtipping 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 **erent matter
and acclLration may be caused by spontaneous combustion. Hence it is

reclaimed lands.
Reversion to base materials

Polymers are and many sman fractions result which
most materials the route is not easy and y originated. A notable

are not readily reverted intothe P S t made, and

exception is methyl eTurned Fort"” 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 awide range of chemical hydrocar o

Conversion to Heat

eventual incineration. Catorific values (save for PVC) are hign, su.pn
is low and, plastics burn easily (Table 15.3).



Calorific value "

Polymer
Btu/lb

Polyethylene 1.89x10-'
Polyfsoprene 1.84 X 10*
Nitflle rubber 1.70 xio*
Polyisobutylene 1.89 X 10+
Potystyrene 1.67 X 10*
Polyvinyl chloride 0.67 X 14
SBR rubber 1.77 X 10-

12x100

(House coal)

Furthermore, incineration results in the maximum percentage volume
reduction. Tyres have been reduced to around 5% of the original weight and
volume.

THE FUTURE

Itwas 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



ABBREVIATION

AC

ADS
AHEM
APF
ACM
ASTM
AU
AZDN
BASRM

BR
BS
BSH
BSI
CBS
ccv
CF
CHR
COoD
CR
CsMm
Ccv
CVNR
DBP

16

Useful Information

azodicarbonamide

air-dried sheet

Association of Hydraulic Equipment Manufacturers
all purpose furnace (black)

polyacrylic rubber

American Society for Testing and Materials
polyuretfiane (ester) mbber

azoisobutyronitrile

British Association of Synthetic Rubber
Manufacturers

polybutadiene rubber

British Standard

benzene sulphonyl hydrazide
British Standards Institution
cyclohexyl benzthiazyl sulphenamide
catenary continuous vulcanisation
conductive furnace (black)
chlorinated butyl rubber
cyclooctadiene

polychloroprene rubber
chlorosulphonated polyethylene
continuous vulcanisation
constant viscosity natural njbber
dibutyl phthalate



DCPD
DIN
DNPT
DOTG
DPG
OPTS
EDTA
ENB
EP
EPC
EPDM
EPM

EU
EV
EVA
FEF
FF
FPM*
FSi*

FVSI*
GMF
GPF
GR-S
HAF
HBS
Hev
HMDA
HMF
HMT
HOFR
HPC

TechnologyofRubberandRubber Goods Industries
dicyclopentadiene

Deutsches Institute fiir Normung
dinitrosopentamethylene tetramine
di-o-tolylguanidine

diphenyl guanidine

dipentamethylene thiuram tetrasulphide
ethylene diamine tetraacetic acid
ethylidene-norbornene

ethylene propylene oibber

easy processing channel (black)
ethylene propylene terpolymer rubber
ethylene propylene copolymer rubber
ethylene thiourea mercaptoimidazoline
polyurethane (ether) rubber

efficient vulcanisation

ethylene vinyl acetate

fast extrusion furnace (black)

fine furnace (black)

fluorocarbon njbber

fluorosilicone rubber

fine thermal (black)

fluorosilicone rubber

quinone dioxime

general purpose furnace (black)
Government rubber-styrene (GBR)
high abrasion furnace (black)
cyclohexyl benzthiaxyi sulphenamide
horizontal continuous vulcanisation
hexamethylene diamine

high modulus furnace (black)
hexamethylene tetramine

heat resisting, oil resisting and flame retardant

hard processing channel (black)



LVN
LVNR
MB

MBI
MBT
MBTS
MDi
MOCA
MPC
MPF
MRPRA
MRRDB

NBR
NDI
NR
NS
OB
OENR

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



DCPD
DIN
DNPT
DOTG
DPG
DPTS
EDTA
ENB
EP
EPC
EPDM
EPM

EU
EV
EVA
FEF
FF
FPM*
FSI*

FVSI*
GMF
GPF
GR-S
HAF
HBS
HCV
HMDA
HMF
HWT
HOFR
HPC

Technology of Rubberand Rubber Goods Indus)
dicyclopentadiene

Deutsches Institute fiir Normung
dinitrosopentamethylenetetramine
di-o-tolylguanidine

diphenyl guanidine

dipentamethylene thiuram tetrasulphide
ethylene diamine tetraacetic acid
ethylidene-norbonnene

ethylene propylene rubber

easy processing channel (black)
ethylene propylene terpolymer rubber
ethylene propylene copolymer rubber
ethylene thiourea mercaptoimidazoline
polyurethane (ether) njbber

efficient vulcanisation

ethylene vinyl acetate

fast extrusion furnace (black)

fine furnace (black)

fluorocarbon rubber

fluorosilioone rubber

fine thermal (black)

fluorosilicone rubber

quinone dioxime

general purpose furnace (black)
Govemmentoibber-styrene (GBR)
high abrasion furnace (black)
cyclohexyl benzthiaxyl sulphenamide
horizontal continuous vulcanisation
hexamethylene diamine

high modulus furnace (black)
hexamethylene tetramine

heat resisting, oil resisting and flame retardant

hard processing channel (black)



Useful Information
HS
HSMB
IEC
HR
IISRP

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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0OeSBR oil-extended styrene butadiene rubber
PAUS pale amber unsmoked sheet

PBN phenyl-p-naphthylamine

PMMA pdymerttiyimethacrylate

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

pvsr 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)

scl seal compatibility index

SI¥ dimethy! silicone rubber

SMR standard Malaysian njbber

SP superior processing (NR)

SPF super processing furnace (black)
SRF semi-reinforcing furnace (black)

TCR technically classified rubber

ol toluene diisocyanate

DM tertiary dodecyl mercaptan

IblU tetraethyl thiuram disulphide



Useful Information

TMTD tetramethyl thiuram disulphide

T™MTM 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

angstroms = 10-“ cm or 10"
bulkiness (of black)

driving torque,

rate of creep

length of crack

electrical conductivity

c volume fraction offiller

D diffusion coefficient

D diameter

E young's moludus, extrusion shrinkage
esu electrostatic units

H effective plume height (H’ + AH), metres
F force

f shape factor

G elastic shear modulus

G" viscous shear modulus

H hysteresis

AH latent heat of vaporisation

h height of uniformly mixed inversion layer, metres

k Boltzmann's constant
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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 t"*Q in place of FSL, FVSI, PSi!
PVSI and Sl 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 ofthe solvent
volume adsort)ed



v velocity
stored energy density

work per unitvolume

strain
surface energy
rate of strain

( phase angle,
solubility parameter
strain (tension)
rate of strain (tension)
viscosity

extension ratio

vV volume adsorbed to form monolayer

v number of cross-links (per cubic centimetre)

-

density

stress

-~ 7n on

relaxtion time

ctiaracteristic energy (per unit area of crack)

c interaction constant (Flory Rehner equation)

w Angular velocity
CONVERSION FACTORS

Toconvert

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

Multiply by

0.039
3.28

1.09
0.155
0.061
0.0018
0.035
2.205
14.3



Degress Centigrade (C) to degress Fahrentielt
1megagram (Mg) = 1ton approx.

1gigagram (jg) = 1000 tons approx.

Multiples and Sub-multiples of Metric Units

Multiple Prefix
107 tera
1B giga
10® mega
w idlo
w hecto
10 deca
104 dec!
10= centi
0" milli
10« micro
10" nano
107 pico
10 femto
IO-ie atto

1-8 and add 32

Symbol

5 33 0 ag@g>xZTOA

- T

QD



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 * 3features 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

i. Quality of performance
ii. 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 helpsare -

i. Predicting future results
ii. Predicting the performance orfailure rate
ii. Determination of sample size to estimate true value, tolerance limits, etc
Important tools of statistical quality control
i. Frequency distribution
ii. Control charts
ii. Acceptance sampling.
Results of statistical quality control
i. Improvementin quality and reliability

N Reduction in scrap and rework, leading to economy in raw materials
use!

ll. Location and removal of production bottlenecks

iv. Scientific evaluation of standards for quality and production

\/ 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

i. Non-measurable.

called cariables and that which

are
Examples of measurableLrT ri ai'etermed as attributes,
ofparts etc Examnioc r ® @”"fen3fts, length, weight and width

DATACOLLECTION AND SUMMARISATION

collection of data 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
weight Of 100 tubes.

Table 17.1: Weigtit (kg) of 100 tubes

337 334 3.38 3.32 3.33 3.28 3.34 331 3.33 3.34
329 3.36 3.30 331 3.33 3.34 3.34 3.36 3.39 3.34
335 3.36 3.30 3,32 3.33 3.35 3.35 3,34 3.32 3.38
332 337 3-34 3.38 3.36 3.37 3.36 331 3.33 3.30
335 333 3.38 3.37 344. 332 3.36 3,32 329 3.25
338 3.39 3,34 3.32 3.30 3.39 3.36 3.40 3,32 3.33
329 341 3.27 3.36 341 3.37 3.36 3.37 3.33 3.3e
331 333 3.35 3.34 3.35 3.34 331 3.36 3,37 3.35
340 3.35 3.37 3.32 3,35 3.36 3.38 3.35 331 3.34
335 3,36 3.39 331 3.30 3.35 3.33 3.35 331 331

It may be noted that the weights of tubes vary from 3-25to ~ ~ . ~he
same data is shown in Table 17.2 after tabulation. Here, we ~ave aranged
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 itis 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
afrequency distribution in graphical foma. The mostimportant 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 slig ht lines
the resulting curve is known as the frequency curve, For a smoo
groups of the class intervals are made narrower.



Weight (kg.)

3,45
3.44
343
3.42
341
3.40
3.39
3.38
3.37
3.36
335
3.34
3.33
3.32
331
3,30
3.29
3.28
3.27
3.26
3.25

Tola!

Boundaries

3,415 - 3.445
3.385 - 3.415
3.355 - 3.385
3.325 - 3.555
3,295- 3,325
3.265 - 3.295

Tabulation

(]
(]
nil

Midpoints

343
3,40
3.37
3.34
331
3.28

Frequency
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100

Table 17.3: Frequency distribution of tube weight

Frequencies

27
36
23

Cumulattve
frequency
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100

Cumulative
frequency

BENG o



Measures 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

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
towhich this data is scattered is called dispersion. The measure of dispersion
isthe 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 **ed °n on™two
values, itis useful when the number of observaUons is small (maximum 10).

The mostimportant 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 - 11118+1=8
15

Ax,-X) =+(x.-_jO_, = (6-8 f+0-8)"+
n-1 \ 14



fs LJisS. 2,

Procedure for Setting Control Charts for X-R Chart
1. Select a sample of convenient size (usually 3to 5 successive items)

10.

11.
12.

and measure the important quality characteristics of each of the
items.
Record all these measurements on a suitable data sheet.

Compute the mean and range of these measurements and record
them on the data sheet.

Repeat (1) to (3) until about 25 such samples have been collected
maintaining a uniform sample size throughout.

Acceptthe final value of R as being the standard range for the process.
Read offthe value of A from the Table A corresponding to the sample
size of n.

Compute AR.

Compute (h + AR) - this is the upper control limit for sample means.

Compute (n - AR) - this is the lovi“er control limit for sample means.
Read off the value of D from Table-A corresponding to the sample
size of n. A
Computer dR - 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

honVnnt? A . ® . "Mt With a
honzontal scale indicating the time and date of sampling.

Ofsamples and record the mean

a?rt"rrn®

and riatp nf f ¢ h a r t s against the time

Egc?'lrﬁﬂ:glléWaﬁaé\ih the process occurred. at which any
to Standard

thV Zras$S ge chat's™™

Chat, ? ' r n d t t . ° ' " ' ‘fleMnge

medied immediately by appropriate technical action.



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 3to 5 are shown as under -

Sample size A D

3. 1.023 2574
4. 0,729 2.282
5. 0.577 2114

Interpretation of X and R Charts
The possible interpretations are as follows -
a. Average chart goes out of limits.

This Indicates thatthe 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.

i. A chemical batch has suddenly picked up an impurity, perhaps
because contaminated work has been inserted into it.

ii. Unauthorised adjustment, forexample, of curing temperature.

Gradual change - the following are examples of h-"*' =""nf* might be
caused -

i. Chemical batches are becoming gradually spent.

i. There has been a gradual build-up of impurity in a chemical
batch.

ii. 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
i. 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.

There may be operator variations, for example, intiming 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 linefor=p = p + 3- —_

where Pis 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 chartfor

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 inthe 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 of p chart

Week no. No. tyres No. of defective Fraction
inspected tyres defective p

724 48 0.067

763 83 0 109

748 70 0-094

748 85 0.114

724 45 0.062

727 56 0.077

726 48 0.055

719 67 0.093

759 37 0.049

745 52 0.070

736 47 0.064

739 50 0.068

723 47 0.065

748 57 0.076

770 51 0.066

770 51 0.066

719 53 0.074

757 34 0.045

760 29 0.038

Total 14163 1010 1.352
Average 745.42 53.16 0.071

Control limits for the chart= p+3- /pCI-P) =0-071+

gjOXm(1_aO” =0.071+0.023 =0.043 and0.10
\ /hO.nhA

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 unitis large butthe percentage of any defect
issmall. 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 of yarn

Sample no. Total defects Defects per unit
1 17 17
2 14 14
3 6 0.6
4. 23 23
5 5 0.5
6, 7 0.7
7, 10 10
8. 19 19
9. 29 2.9
10. 18 1-8
n 25 25
12. 5 0.5
13. 8 0.8
14. n 11
15. 18 18
16. 13 13
17. 22 2.2
18. 6 06
19. 23 23
20. 22 22
21. 9 0.9
2. 15 15
23 20 20
2 6 06
25, 2 24
Total 375 375
Calculation

Formula for control chart lines are
Control limit forc 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 ¢ chart =3.381

INTERPRETATION OF p AND 0 CHART

A point above the upper control limit in a p or ¢ 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

RUBBER
MANUFACTURING
MACHINERY

Kelachandra Iron & Steel W orks
Chingavanam

Kottayam, Kerala-686531

TEL : +01 (0) 481 430596

FAX :+91 (0) 481 430406

E-mail; kelachandra@ vsnl.com

Intermix Machinery Manufacturing
PvtLtd.

K-67, Opp. Peeragarhi

Udyog Ngr.

New Delhi-110041.

TEL ; +91 (0) 11 25472655

FAX :+91 (0) 11 25472654

Ravi Engineering Works Pvt Ltd.
Prop.Janak Industries Pvt Ltd.
18/34. St. No.5, (Rly. 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

Sandhu Enterprises
BE-192A, St. No.5

Hari Nagar,

New Delhi-1,10064.

TEL :+91 (0) 11 25408719
FAX:+91 (0) 11 25132357
E-mail:

sandhuent@ mantraonline.com

Santee Hydrofluid Engineers
GO-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 Engg. Works Pvt Ltd.

15, Najafgarh Rd.

New Delhi, NCT of Delhi-110015
TEL :+91 (0) 11 25441916

Uttam Singh & Sons

B-6, Phase-1, Indl. Area

Mayapuri

New Delhi, NCT of Delhi-110064
TEL :+91 (0) 11 25400757

FAX :+91 (0) 11 25457099
E-mail: uttamsingh@ hotmail.com

MP George & Sons

Ahipuram

P.0. Udyogmandal

Kochi, Kerala-683504

TEL :+91 (0) 484 555307

E-mail: mpgfoundry@ hotmail.com

Larsen & Toubro Ltd. Heavy
Engineering Dlvn.

Powai Works

Saki Vihar Rd., Powai
Mumbai, Maharashtra-400072
TEL :+91 (0) 22 8581401
FAX:+91 (0)22 8581594

E-mail: 3870-sra@ ve-dak.Itindia.com
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Malik Engineers

ynit 1, Shailesh Indl. Est. NO. 1
Navghar,

Vasai Rd. (E)

Pune,

Maharashtra-401210

TEL m+91 (0) 20 8839751

FAX m+91 (0) 20 8830751
E-mail: malik@malilsengg.com

Manav RubberMachinery 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

Janatha Rubber Industries
154-W

Kalarampatty Rd.

Salem, Tamil Nadu-636015
TEL :+91 (0) 427 469139
FAX :+91 (0) 427 465531
E-mail; somanc@vsnl.com

Larsen & Toubro Limited Heavy
Engg. Division Rubber Processing
Machinery

L & T Chennai House

Post Bag 5247, 10

Club House Rd.

Anna Salai

Chennai, Tamil Nadu-600002
TEL ;+91 (0) 44 8460141

FAX :+91 (0) 44 8460069

Asian PovwerCyclopes
Rochipura

Majra

Dehradun,
Uttaranchal-248171

TEL : +91 (0) 135 620488
FAX:+91 (0)135 620961
E-mail: asian@nde.vsnl.net.in

RUBBER MIXERS

Machinkraft Equipment
337, 3rd Rd.,
Sindh Hsg. Soc. Aundh
Pune, Maharashtra-411007
TEL :+91 (0) 20 5887464
FAX :+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 7830010
E-mail: enfabs@hd1l.vsnl.net.in

Surya Industrial Equipments

D-109, Phase-1, IDA

Jeedim etia

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 7823073

FAX :+91 (0) 40 7823073

E-mail: enfabs@hd1.vsnl.net.in

Avtar Singh & Sons
C-129, Phase-ll

Mayapuri

New Delhi-110064.

TEL : +91 (0) 11 25130861
FAX :+91 (0) 11 25160752

Industrial Machinery Co.
205, Kanchan House
Karampura Cmplx.

New Delhi-110015.

TEL m+91 (0) 11 25116159
FAX :+91 (0) 11 25431706
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Ravi Engineering Works fM . Ltd.
Prop.Janak Industries PVt Ltd.
1804, St. No.5, (Rly. Line Side)
Anand Paibat indl. Area

New Delhi, NCT of Oelhi-110005
TEL :+91 (0) 11 25725517

FAX . +91 (0) 11 25,764369
E-mail: ravien9@nda.vsnl.nel.in

Slach Hydratecs EquipmentPvt Ltd.
15, Najafgarh Rd.

New Delhi, NCT of Delhi-110015
TEL :+91 (0) 11 25441917

FAX:+91 (0) 11 25441916

E-mail: slacb@del2.vsnl.net.in

Indian Expeller Works Pvt. Ltd.
A-4, Naroda Indl. Est.

Naroda

Ahmedabad, Gujarat-382330
TEL :+91 (0) 79 282185S

FAX :+91 (0) 79 2830194

E-mail: dinesh@ indexpell.com

Kelachandra Iron & Steel W orks
Chingavanam

Kottayam, Kerala-686531

TEL :+91 (0) 481 430596

FAX :+91 (0) 481 430406

E-mail: kelachandra@ vsnl.com

Frigmaires Engineers

Janta Indl. Est.

Gala No. 8, Opp. Phoenix Mill
Senapati Bapat Marg

Lower Pare!

Mumbai, Maharashtra-400013
TEL :+91 (0) 22 4945624
FAX:+91 (0)22 2187750
E-mail: fe@vsnl.com

Bainite Machines

Cc-10

Nand Dham Indl. Est.
Agnishaman Dal Marg, Marol
Andheri (E)

Mumbai, Maharashtra-400059
tel :+91 (0) 22 8505910

FAX :+91 (0)22 8500465
E-mail: baintte@faom8.vsnl.net.in

Durga Industries

Saksalia Indl. Est,

Chincholi 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 RubberMachinery Pvt. Ltd.
Plot No. 24-B, "Param Sukhshanti’
2/10, 8 V Rd., Jawahar Ngr
Goregaon (W)

Mumbai, Maharashtra-400062
TEL :+91 (0) 22 8723166

FAX :+91 (0) 22 8725164

PMS GreatFloorings Pvt. Ltd.
E-13Block, MIOC

Bhosari

Pune, Maharashtra-411026
TEL:+91 (0)20 7122989
FAX:+91 (0)20 7122332

E-mail: moti@ pn2.vsnl.net.in

Richardson & Cruddas (1972) Ltd.
A Government of India Undertaking
SirJJRd.

Byculla Iron W orks

Mumbai, Maharashtra-400008
TEL :+91 (0) 22 3776832
FAX:+91 (0)22 3731491

AnantCorp.

RO. Box 14

Bassi Rd.

Sirhind, Punjab-140406
TEL:+91 (0) 1763 22187
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P~.+91 (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
MACTfINERY

Amrut Brothers

24. Manorath Est.

Nr. Milan Cinema

Saraspur

Ahmedabad, Gujarat-380018

TEL:+91 (0)79 2168163
FAX:+91 (0)79 2168163
E-mail: exports@amrutbrothers.com

Kloeckner Desma Machinery Pvt. Ltd.
Plot No. 5120

Phase-IV

GIDC Estt., Vatva, Ahmedabad,
Guijarat-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 Pvt 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
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Northern Machir>eries Pvt. Ltd.
C-29. Phase-11

Focal Point,

Ludhiana,

Punjab-141010

TEL ; +91 (0) 161 671509

FAX .+91 (0) 161 675065
E-mail: ralson@ satyam,net.In

PalMachine Tools (Regd.)
11390. St. No. 2

Partap Ngr.

IndK Area-B, Ludhiana.
Punjab-141003

TEL ; +91 (0) 161 534854
E-mail; pathydron@indya.com

Braga Industries

63-B. Northern Phase
Ambattur fndl. Est,
Chennai.

Tamil Nadu-600098
TEL:+91 (0)44 6254103
FAX;+91 {0)44 6257032

Hydro Craft

11-B, Vijayalakshmi Layout
1st St.. Ganpathy
Coimbatore.

Tamil Nadu-641006

TEL ; +91 (0) 422 532704
FAX :+91 (0) 422 532704

E-mail; ganesh_hy@ rediffmail.com

Larsen & Toubro Limited Heavy

Engg,

Division Rubber Processing
Machinery

L & T Chennai House
Post Bag 5247, 10

Club House Rd.

Anna Salai

Chennai.

Tamil Nadu-600002
TEL;+91 (0)44 8460141
FAX ;+91 (0) 44 8460069

Modern Plastics Equipments
35, Perumai Kovil Thottam

P N Palayam Rd., Nr. Rly Level
Cross

Ganapathy PO

Coimbatore.

Tamil Nadu-641006

TEL :+91 (0) 422 530836

Sky Hydraulics

13-A. Kalaivanar St.
Athipet. Chennai.

Tamil Nadu-600058,
TEL ;+91 (0) 44 6566468
FAX :+91 (0) 44 6259352

Texwin Hydraulics & Engineering

207, PO. Box 2121
Bharathiar Rd.

Ganapathy. Coimbatore,
Tamil Nadu-641006.

TEL :+91 (0) 422 533599
FAX :+91 (0) 422 533599
E-mail; tex_hyd@ yahoo.com

Industrial Machinery Co.
205, Kanchan House
Karampura Cmplx.

New Delhi-110015.

TEL ; +91 (0) 11 25116159
FAX:+91 (0) 11 25431706

JRD Rubbers. Plastic Tech Pvt.

K-49, Model Town
Delhi-110009.

TEL ;+91 (0) 11 27234947
FAX:+91 (0) 11 27416295
E-mail; jrdrp@ ndf.vsnl.net.in

Ltd.

Karamson Engineering Corporation

3/24, Kirti Ngr. Indl. Area
New Delhi-110015.

TEL :+91 (0) 11 25417621
FAX :+91 (0) 11 25433577
E-mail: kencor@ sify.com
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sopp.'fe~ Of Plantand Equipments

Matioj Engg. & Scientific Industries
Plot NO. 3. Gall NO. 1

Anand Parbat Indl. Area

New RoMel< 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. . .
mg]hrahyd raulic@mantraonline.com

Santee Hydrofluid Engineers
GD-96, 'Santee House'
Vishakha Enclave, Pitampura
Delhi, NCT of Delhi-110088
TEL m+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 m+91 (0) 11 25441917

FAX;+91 (0) 11 25441916

E-mail: slach@del2.vsnl.net.in

rubber moulds

AV Engineers

Plof'No. 89, Sec:.. 3,

IMT Manesar, Gurgaon,
Harvana-122050
TEL:+91 (0)11

FAX :+91 (0) 11 4622520
E-mail: avengg@ bol.net.in

Dheeru Tools

FCA-326, SGM Ngr
Faridabad,
Haryana-121001

TEL : +91 (0) 129 5429310

Indo-Danish Tool Room
M-4 (Part), Phase-VI

Tata Kandra Rd., Gamharia
Jamshedpur,
Jharkhand-832108

TEL =+91 (0) 657 408061
FAX:+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

te | m+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
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SS Engg. Works

1569, St, No. 11
Dashmseh Ngr.
Ludhiana,
Punjab-141003

TEL :+91 (0) 161 536895
FAX :+91 (0) 161 531377

Spark Engineers
N-4, Phase-Ill

SIDCO tndi. Est., Hosur,
Karnalaka-635126

TEL :+91 (0) 4344 77736

Triyami Tools
MPLUN,21,Sect. F
Sanwer Rd., Indore,
Madhya Pradesh-452015
TEL :+91 (0) 731 722762 22, Godam Extn.
rAX m+91 (0) 731 722762 Indl. Est., Jaipur,
Rajasthan-302006

Electro Dies & Tools
Plot No. 5, Rd. No. 4

Ashna Enterprises TEL :+91 (0) 141 2215239
C-10G, Malad Indl. Est. FAX: +91 (0) 141 2212492
Ramchandra Extn. Lane. E-mail: joharihari@ satyam .net.in
Kachpada, Malad
Mumbai, ARR Precision Tools
Maharashtra-400064 1418, Sathy Rd.
TEL :+91 (0) 22 8885317 .
© Ganapathy, Coimbatore,
FAX:+91 (0)22 8885317 Tamil Nadu-641006
E-mail:
TEL :+91 (0)422 531984
ashnaenterprise@ hotmail.com FAX :+91 (0) 422 532028
LekshmiDies & Tools Classic Moulds & Dies
Room No.B 218
| K-20, Ambattur Indl. Est.
Bhagat Singh Ngr. 2
Chennai,
No.2 Rajaram Gallery
Tamil Nadu-600058
Goregaon (W), Mumbai,
tel :+91 (0) 44 6254488
Maharashtra-400104
FAX :+91 (0) 44 6244083
TEL :+91 (0) 22 8769057
E-mail: classic_dies@ hotmail.com
National Standard Duncan Ltd.
SriDeviEngg. Works
Plot No. F-4, Rd. No. 22 & U-2
Wagle Est., Thane, AS,KambarS!.,TMP Ngr
Padi, Chennai,
Maharashtra-400604
Tamil Nadu-600050.
TEL :+91 (0)22 5820158
FAX :+91 (0) 22 5320952 tel :+91 (0) 44 6259708
E-mail:
Tooling Center
nasdun.thane@ gems.vsnl.net.in 9/408, Onapalayan Rd.
Auto Ngr.
Edayarpalayam r.o
Bhosari, Pune, Coimbatore,
Tamil Nadu-641025
Maharashtra-411026
tel :+91 (0)422 402811

TEL:+91 (0)20 7122423

FAX :+91 (0)20 7122422 E-mail: v_b_pratap@yahoo.com
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Gulshan Engg. Works

CB-7, Ring Rd., Naraina,

New Delhi, NCT of Delhi-110028
TEL :+91 (0) 11 25799130

Manik Industries

F-142. Phase-ll

Mayapuri

New Delhi - 110064.

TEL :+91 (0) 11 25406738

FAX ;+91 (0) 11 25406738

E-mail: manikindustriesmp@ deihi-
industry.com

Nirmal Engg. Works
4/34B, Gall No. 4-5

Anand Parbat Indl, Area
New Delhi-110005.

TEL :+91 (0) 11 25731034

RUBBER MOULDING
PRESSES

Crane-Bel International Pvt Ltd.
E-7, Sect. 17, Kavi Ngr Indl. Area
Ghazlabad, Uttar Pradesh-201002
TEL :+91 (0) 120 4702107
FAX:+91 (0) 120 4700339
E-mail:

machinetools@ crane-bel.com

CM Hydro Systems Pvt. Ltd.
3-6-286/617, RKS Apts.
Hyderguda, Hyderabad,

Andhra Pradesh-500029

TEL :+91 (0) 40 3222287
FAX:+91 (0) 40 3220195

E-mail: cmgroup@ hd2.vsnl.net.in

Dynamic Hydrofab

B-195, Plot Piyarelal
Libaspur Rd.

Samaipur

Delhi, NCT of Delhi-110042
TEL:+91 (0) 11 27890388
E-mail: dynamichf@vsnl.net

Alpha Industrial Systems

B-97, Phase-1

Mayapuri Indl. Area

New Delhi, NCT of Delhi-110064
TEL : +91 (0) 11 25132584

FAX :+491 (0) 11 25682241

E-mail teena_khanna@ hotmall.com

Flowmech Engineers Pvt Ltd.
G-Extn. 1, Kirti Ngr.

New Delhi. NCT of Delhi-110015
TEL :+91 (0) 11 25435415

FAX :+91 (0) 11 25191255

E-mail: nowmech@del3.vsni.net.in

Hydromech Autom ation Pvt. Ltd.
1-6, DSIDC Cmplx.

Nangloi

Delhi. NCT of Dethi-110041

TEL :+91 (0) 11 25474563
FAX;+91 (0) 11 25477179
E-mail:

hydromech@ chequemail.com

Hydromech Pneumatics & Hydraulics
WH-84, Phase-1

Mayapuri Indi. Area

New Delhi. NCT of Delhi-110064
TEL :+91 (0) 11 25131926

F.AX : 491 (0) 11 25142554

Jain Hydraulics Pvt. Ltd.

1st Fir. 10066

Multani Dhanda

Pahar Gan]

New Delhi, NCT of Delhi-110055
TEL :+91 (0) 11 27529689
FAX:+91 (0)11 25504343
E-mail: hewjhpl@ndf.vsnl.net,in

Osaka Hydraulic Industries
36/3, Opp. Mehrauli Rd. Turning
Badarpur

New Delhi. NCT of Delhi-110044
TEL :+91 (0) 11 26946226

F/KX :+91 (0) 11 26464556
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Slach Hydratecs EquipmentPvt 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.nel in

Nihaal Industries

41, Gopinalh Est,

Nr. Simla Ghar Ghanti

Soni's Chawl Char Rasta
Odhav

Ahmedabad, Gujarat-382415
TEL : +91 (0) 79 2890787
E-mail: nlhalind@yahoo.com

Presswel Industries
Plot No. 152, Sect. 24
Faridabad,
Haryana-121005

TEL :+91 (0) 129 5233665
FAX :+91 (0) 129 5234788

E-mail: presswel@ vsnl.com

Hind Hydraulics & Engineers
Plot No. 13, Sect. 24
Faridabad,

Haiyana-121005

TEL :+91 (0) 129 5233308
FAX :+91 (0) 129 5234294

E-mail: hindhydr@ nda.vsnl.net.in

KB Hydraulic Engg, Works (Read.)
284, Sect.-24

Faridabad,

Haryana-121005

TEL :+91 (0) 129 5234997

rAX :+91 (0) 129 5234998

E-mail: press@ kb8era.com

Bemco Hydraulics Ltd.
Udyambag

Belgaum,
Kamataka-590008

tel :+91 (0)831 441980
FAX :+91 (0) 831 441263

E-mail: bemco@ belgaum.com

Jaak Hydro-Pneumatic Co.
No. 1, Visweswariah (ndl. Est.
Mahadevapura

Bangalore.
Karnataka-560040

TEL :+91 (0) 80 8524460
FAX :+91 (0) 80 8524090
E-mail: jaak_hydro@ sifycom

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: nlusone@ blir vsnl.net.in

Ramph (India)

E-1253/4, 12th Main Ward,
No. 2, Kammagondanahalli
Jalahalli (W)

Bangalore,
Karnataka-560015

TEL : +91 (0) 80 8389366
E-mail: ramphind@ vsnl.net

Standard Hydraulik (I) Equipment
Belgaum Pvt Ltd.

B6/1, Plot No. 10

Udyogbag

Belgaum,

Karnataka-590008

TEL :+91 (0) 831 480566

FAX :+91 (0) 831 482033

E-mail: gopalchitnis@ satyam .net.in

Marco Hydraulics
B/1,M N D'Souza Compound

Nr. Bora Transport Company

Opp. Kherani Cross Lane. Sakinaka
Andheri (E)

Mumbai,

Maharashtra-400072

TEL:+91 (0)22 8591391

FAX :+91 (0) 22 8522584

E-mail: marcohyd@ vsnl.com
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Damania & Sons

B-22, Rd. No. 16

Wagle Indl. Est.

Thane,
Maharashtra-400604
TEL 791 (0)22 5820457
FAx:+91 (0)22 5801989

E-mail: damania@ bom4.vsnl.net.in

Larsen & Toubro Ltd.

Heavy Engineering Dim,

Powai W orlis, Saki Vihar Rd.

Powai, Mumbai,
Maharashtra-400072.

TEL :+91 (0) 22 8581401

FAX:+91 (0)22 8581594

E-mail: 3870-sra@ ve-dak.ltindia.com

Mitesh Associates

P.O. 60x2766

Kalbadevi P.0

Mumbai,
Maharashtra-400002
TEL :+91 (0) 22 8981319

Hydraulics Machine Tools

old-21

Arumuga Gounder St.

Rathinapuri

Coimbatore,

Tamil Nadu-641027

TEL :+91 (0) 422 482083

E-mail:

hydraulicsmachinetoois@ yahoo.co.in

Hydro Craft

11-B, Vijayalakshmi Layout
1stst,Ganpathy

Coimbatore.

Tamil Nadu-641006

TEL :+91 (0) 422 532704

FAX :+91 (0) 422 532704

E-mail: ganesh_hy@ rediffmail.com

Larsen & Toubro Limited Heavy
Engg. Division Rubber Processing
Machinery

L & T Chennai House

Post Bag 5247, 10

Club House Rd.

Anna Salai

Chennai,

Tamil Nadu-600002

TEL :+91 (0) 44 8460141
FAX :+91 (0) 44 8460069

Pressform Industries

19-B, YadavallarSt,

Pattravakkam, Chennai,

Tamil Nadu-600098

TEL :+91 (0) 44 6359299

FAX :+91 (0) 44 6250736

E-mail: pressform@ md3.vsnl.net.in

Janta Engg. W orks
Rajendra Ngr.

Indl. Area, RO. Mohan Ngr.
GTRd.,Ghaziabad,

Uttar Pradesh-201007
TEL :+91 (0) 120 4623455

Max Hydromech Engineers Pvt. Ltd.
Balitikuri, CTI Rd.

Naskarpara

Howrah,

West Bengal-711402

TEL «+91 (0) 33 6531686

FAX:+91 (0)33 6531688

ty r e MACHINERY

Hind Hydraulics 8. Engineers
Plot No. 13, Sect. 24

Faridabad,

Haryana-121005

TEL : +91 (0) 129 5233308

FAX :+91 (0) 129 5234294
E-mail: hindhydr@ nda.vsnl.net.in

Maan Machine Tools

119, Nr. Bus Stand

Nawlu Cly.

Krishna Vihar
Ballabhgarh,
Haryana-121004

TEL :+91 (0) 129 5240923
FAX :+91 (0) 129 5240123
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ACC Machinery Co. Ud.
Cement House, 121
MKRd.

Mumbai,
Maharashtra-400020
TEL : +91 (0) 22 2039122
FAX : +91 (0) 22 2051065

Associated Tyre IVlachinery
Company Ltd.

Cement House. 121
Maharshi Karve Rd.
IMWumbai,
Maharashtra-400020
TEL:+91 (0)22 2039122
FAX : +91 (0) 22 2080076

Larsen & Toubro Ltd. Heavy
Engineering Dim.

Powai Works

Sal<i Vihar Rd.

Powai

Mumbai.

Maharashtra-400072

tel :+91 (0) 22 8581401

FAX:+91 (0)22 8581594

E-mail: 3870-sra@ve-dak.llindia.com

Uxmi Engg. Works
W/10, Panchal Udyog Ngr
Goddeo Rd.
Bhayander(E)

Thane,
Maharashtra-401105

tel :+91 (0)22 8195976
FAX:+91 (0)22 8195545
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

Opp. Riy. Microwave Tower

Sirhind,

Punjab-140406

TEL:+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. SIDCO Indl. Est.
Ambattur

Chennai.

Tamil Nadu-600098

TEL : 491 (0) 44 6255067
FAX : +91 (0) 44 6255067

Ursen & Toubro Limited Heavy
tngg. Division Rubber Processing
Machinery

Li T Chennai House

Post Bag 5247, 10

Club House Rd.
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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

Opp. Peera Garht, K-49

Udyog Ngr.

New Delhi, NCT of Delhi-110041
TEL : +91 (0) 11 25472654

FAX m+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 : 491 (0) 11 23350280

RUBBER MACHINERY

Bal Krishna Tyres

418/422

Creative Indl. Est.

72, N M Joshi Marg

Mumbai.

Maharashtra-400011

TEL:+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

TEL:+91 (0) 161 671509
FAX: +91 (0) 161 675066
E-mail: ralson@satyam.net.in

Elgitread (1) 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

JJIM Tyre Equipments

116, Periyar Ngr. Ramanathapuram,
Coimbatore,

Tamil Nadu-641045

TEL;+91 (0) 422 316455

E-mail; ganes@vsnl.com A
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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

LATEX DIPPING
MACHINZRY

Vipraj Machine Tools Pwt. 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

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@hotmailL.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

IMlanav 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
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RUBER KNEADING
MACHINES

Machinkraft Equipment

337, 3rd Rd., Sindh Hsg. Soc.

Aundh

Pune.

Maharashtra-411007

TEL : +91 (0) 20 5887464

FAX: +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, (Rly 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

TEL:+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, Opp. Phoenix Mill
Senapati Bapat Marg

Lower Parel

Mumbai,
Maharashtra-400013
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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

. TEL:+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 Pwt. Ltd.
E-13Block, MIDC

Bhosarl. Pune,
Maharashtra-411026

TEL ; +91 (0) 20 7122989
FAX:+91 (0)20 7122332
E-mail; moti@pn2.vsnl.net.In

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

TEL:+91 (0) 1763 22187
FAX;+91 (0) 1763 20187
E-mail: anant_corp(gvsnl.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
TEL;+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-malil;
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
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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@boma8.vsnl.net.in

Kemtech International Ltd.

A-125, Shivalik

Maiviya 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,

(Rly. Line Side)

Anand Parbat Indl. Area

New Delhi. NCT of Delhi-110005
TEL: +91 (0) 11 25725517

FAX : 491 (0) 11 25764369
E-mail: ravieng@nda.vsnl.net.in

Indian Expeller Works Pvt. Ltd.
A-4, Naroda Indl. Est.

Naroda, Ahmedabad,
Gujarat-382330

TEL:+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@bilr.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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fEL : 491 (0) 22 4945624
FAX:+91 (0)22 2187760

E-mail: fe@vsnl.com

Bainite Machines

C-10, Nand Dham Indl. Esl.
Agnishaman Dal Marg. Maroi
Andheri (E),

Mumbai,

Maharashtra-400059

. TEL:+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
SirJ 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

TEL:+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
TEL:+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: 491 (0) 33 2255457
E-mail: hpscocal@vsnl.com
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GN Engg. Works
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

TEL:+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

TEL;+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,

(Rly. 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 Pwt. Ltd.
A-4. Naroda Indl. Est.

Naroda, Ahmedabad.
Guijarat-382330

TEL;+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

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,
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-II

New Delhi, NCT of Delhi-110048
TEL : 491 (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-UJO0e.

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: hpli@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: Kklj/
delhi@darlmail.dartnet.com

Orgo Products
E1
Opp. Rana Partap Bagh

C Cly.
Delhi, NCT of Delhi-110007
tel :+91 (0) 11 27231050
FAX :+91 (0) 11 27231050
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Rubber-Chem Corp.

9. Rehman Mkt.

Sadar Bazar

Delhi, NCT of Delhi-110006
TEL : 491 (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 : 491 (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 : 491 (0) 265 642064
FAX:+91 (0)265 31160

E-mail: cosmoschem@icenet.net

Guijarat Silicon Pwt, 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

Opp. TV Tower

Drive-In Rd.. Anmedabad,
Gujarat-380054.

TEL:491 (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: slerichem@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 FIr.,DLF Plaza

DLF Qutub Enclave 1
Gurgaon,

Haryana-122001

TEL:+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: 491 (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-lI

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 : 491 (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

E1

Opp. Rana Partap Bagh
CCQly.

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
te | m+91 (0) 11 27771174
FAX:+91 (0)11 23562019
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 Delhi-110032
TEL : +91 (0) 11 22283065
FVX: 491 (0) 11 22297381

Yin Enterprises

B-14, Inder Puri

New Delhi, NCT of Delhi-110012
TEL : 491 (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

Guijarat Silicon Pvt. Ltd.
Amarnath House

Mitha Galli

Nr Teen Darwaja

Grain MkL, Jamnagar,
Guijarat-361001.

tel :+91 (0) 288 676702
FAX: +91 (0) 288 755086
E-mail: gujsil@vsnl.com

Gujauxi-Chem

5. Hill Darshan

Opp. 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 : 491 (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

IClIndialLtd.

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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MHi»u MetjGat

B-i Phase-' tnd Area

rAAiirapur. jamsiiedoo.’

Jha”naniM3210S

TH-.-91 fO) 657 408281

FAX; +91 TO857 407224

E-maif
mikasti_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@bom?2.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 (1)

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 : 491 (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
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Finoric Chemicals (1) Pvt. Ltd.
516, Odina, 10

Central Avenue

Santacruz (W)

Mumbai,

Maharashtra-400054

tel =491 (0) 22 6049594
FAX: 491 (0)22 6040021
E-mail: finornic@vsnl.com

Gomati Chemicals Pvt Ltd.
Bhagwat, 1st Fir.

NSRd., 2, Vile Parle (W)
Mumbai,
Maharashtra-400056
tel;+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

TEL:+91 (0) 22 2014118

FAX: 491 (0)22 2059533

E-mail; hoclras@boma3.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 Bldg.
Dadar (W), Mumbai,
Maharashtra-400028, India.
TEL : 491 (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 : 491 (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 : 491 (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
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ffi'Pzl Udyog

F-474, Phase-ll

Indraprastha (ndl. Area, Kota,
Rajasthan-324005

TEL : +01 (0) 744 424397
FAX : +91 (0) 744 600748
E-mali: Info@meta)soaps.com

Shrihari Laboratories Pvt Ltd.
E-81, Indraprashta Indl. Area, Kota,
Rajasthan-324005. India

ATEL : 491 (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 FAr.
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 Fr., 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.globalnet.ems.vsnl.net.in
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Market Sunvey

ft u m
A Detailed Techno Economlc

~oW A Reports

EIRI Consultants & Engineers have recenlV the fdlonina
“Merket 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 your own Industry/Unil (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
Industrid Consullancy Organization from last 25 Years, offer Conplete Consuitancy, 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 berk cum library. (2) Fully
expertise team of consultants, technocrats & engineers for prepairing “Market Survey Cum
Detailed Techno Economic Feasibility Reports” on any ites in SmaW Medunt™ Large Scale.
(3 Record quantity of over 32,000 “Market Survey Cum Detailed Techno Economic Feasibility
Reports" readily available. {4) More than thousands satisfied dlients. (5) Vest experience of nore
then 25 years. (6) ‘EIRI' is being undertaken plants on tumkey 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 Iltems & 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 thg,iand. Built up .Area.
Construction Schedu!?. Plant Layout, Cost of BoundryWall.A . A

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 5to 10 Years. Depreciation Chart, Foreign Collaboration (if possible). Conclusmn
Projected Balance sheet. Land Man Ratio. *

ADDRESSES : Present Manufacturers, List of the Buyers, PIant&EqutpmemSupleers/
Manufacturers, Raw Material Suppliers/Manufacturers etc.
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PROCESSING (BUTTON) 1850, CIDER PLANT
MUSHROOM GROWING & 1851, COCOA POWDER
PROCESSING WITH AIR 1£i2. COCOA BUTTER & COCOA
CONDITIONING POWDER
MUSHROOM CULTIVATION& 1853 COCONUT SHELL POWDER
PROCESSING UNIT 1BS4. COCONUT WATER
DEHYDRATIONS PACK/  + 1g55, COCONUT SWEET (WATERY)
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STRAW MUSHROOMS (DEHYDRATED)
ORGANIC MANURE 1067. COCONUT PRODUCTS 4 BY
FW>AYACULTIVATION PRODUCTS (INTEGRATED
PAPAYAZTOMATO PLANT)
CULTtVATION 1858, COLD DRINK
PROCESSING A UTILISATION 1859 CURRY POWDER
OF COCONUT 1860, DAIRY FOR MILK

PROC OF SHEEPROC! ffi. BUTTER
TO PRODUCE WOOL 4 PANEER)

laei DAIRY PRODUCTS
1860 DAIRY PRODUCTS MILK
PACKAGING IN POUCH (GHEE
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Above all the Detailed Project Reports are available at
RESEARCH INSTITUTE". 4449, Nai Sarak (D), Mam Road Delhi m110 “ Of

« Ph:91-11-23918111!, 2391 6431,23840361,31082370 »Fax : 91-11-2391 6431;
*E-Mail: eirisidi®bol.net.in
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TERMS AND CONDITIONS

FOR INDIA

1. Please ask for Quotations
of Each Market Survey Cum
Detailed Techno Economic
Feasibiiity Report. Payable in
advance through Draft/M.O./Cash
in favour of ‘ENGINEERS INDIA
RESEARCH INSTITUTE’, faelhl.
Delivery by Regd.post within
2 Days. (Postage Free)

Ask for the Hi-Tech Projects
Monthly magazine. Each
Magazine covers many Project
Profiles for selection of Industry.

FOR OVERSEAS

1. Please ask for Quotations
in US $ of Each Marftef Survey
Cum Detaiied Techno Economic
Feasibiiity Report. 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 ReSCARCH INSTITUT*

Fax. 91-11-23916431 E-Mail: eirisidi@bol.net.in

Website:www.startindustry.com
Also at: 4/27, R°op Nagar, Near Roop Nagar No. 1 School,

Delhi -110 007 (Ind

ia) Ph:. 23840361
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HAND BOOK OF OHS, FATS &
DERIVATIVES WITH REFINING, _
& PACKAGING TECHNOLOGY 1“

Oil Bearing Materials Derivated, Oilseeds carrying Soap making Oils,
Oilseeds from Shrubs. Vegetable Qils, Oiiseeds from Fruits. QilsT'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 RCSHIRCH iNSTITUTC  Midle 8143782

NIfLr.1'Si 3 Sh?TIO OW PtI”™» :91-11- 23918117. 2391M31.2364036"



IIUST PUBLISHED-NEW BOOKS

HAND BOOK OF STATIONERY,
PAPER CONVERTING & PACKAGING
INDUSTRIES

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.

MOULDS DESIGN
and processing

HANDBOOK

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 HOSERY READY MADE
GARMENTS & TEXTILE PROJECTS WITH
DIRECTORY OF TEXTILE MACHINERIES

ower
loom, readymade garments, socks, cottonpyarn

S complet’e S ne?y



JUST PUBLISHED-NEW BOOKS

___rciicm PHARMACEUTICALS AND DRUGS
u TECHNOLOGY WITH FORMUUTIONS

~ TtCBWL

WIBECBHXKIAT By:EIRIBOARDOF

CONSULTANTSS,ENGINEERS

Tablet and Capsules. Oral Preparations, External
Preparations, Preparations torthe Eye, Antibiotics
Formulations, Packaging, Tablets, inlectabies.
Liquid Orals, Capsules and Dry Syrups, Eyeand 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, lce-Cream, Some Dried
Dairy Products, Market Dahi and Pure Culture Dahi, Packaging of Mik,
Packaging of Milk and Milk Products In India, Packaging Trends tor
Cheese and other Dary Products. Milk-Bas” Soft Drink With Longer
Shelf-Life, Fermented Milk Products-Ravour and Bie-te<tnolgoy,
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. Pnducts
Diversification In Dairy industry. Coffee Complete, Paneer. Cheese
from Buffalo Milk, Whey Protein Concentrate. ProducBon of Yoghurt. Tea Compleie. Casein from M-
Dairy Farm. Flavoured Milk. Dairy Farmto Produce Milk, Ice Cream & ice-Candy, Processed Cheese,
Milk PoVvhjer & Ghee, Soya Milk and Paneer, Lactose and By Products Processing from Mik,
Condensed MHk (Sweetened). Butter Milk. Toned Milk, Dairy Products and Milk Packaging InPouches,
Soya Milk and Tofu, Details of Machineries Used >nDairy Farms and Products, Suppliers of Plant a>d

Machineries.
HMD BOOK OF ADHESIVES
WITH THEIR FORMULAES

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. ReMin
Adhesves, iiherVarious Adhesives. Pressure Sen.Tapes and Ubels. Test Methods, buppiiers
of Machinery and Raw Materials etc.

J\!\{»,,\Nl«uéégas ngggl QIF}IK\Q% gﬁi (% A)I\IPgﬂQ r@odliT Z;Bﬂ7,23916431,2384038“



JUST PUBLISHED-NEW BOOKS

rrcmonger.on  TECHNOLOGY OF SYNTHETIC DYES
swiHeTCoves.  PIGMENTS & INTERMEDIATES
INTERMEDIATES, By : Eim BOARD OF

CONSULTANTSi 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 /hitening
Agents, Classification of Pigments and Extendres, Inorganic
Pigments, Azo Pigments, Azoic Dyes, Acid Dyes, Basic Dyes
Disperse Dyes, Vat Dyes, Anthrimldes and Carbazoies Vai
~es SVatPsstes, 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, Phthalocyanines, Fluorescent Plaments
Qu|,ty Control and Evaluation of Pigments, Pigments for Textiles, Pigments frpalms Plgrents

rertp g E =

PRESERVATION & CANNING
OF FRUITS AND VEGETABLES

By: EIRIBOARD OF
CONSULTAM"S & ENGINEERS'

PRODUCT INTRODUCTION. FOOD COLOURS Fonn
BROMI-NATEO VEGETABLE OIL '(BVO)

o™ id C AN N I N G ANDBOmMING
LES

DRYING/ DEHYDRATIONIAND CONCEE?EI- inw
REEZING OF FRUITS AND VEGETABI FQ radiiit

pfcKI?s"?AuScrPSATczZ AN

SYRUPS AND beverages S ib FUVOURS,
PRESERVATION OF FRUITS ® COMMONLY USED IN
SCIENCE AND TECHNOLOGY DISTOIBUTISLASxat

AT

VEGETABLES, PACK HOUSE AND COLD STORA-C MIM” S_AND
GUAVA JUICE AND OTHER FRUIT PRODUCTS "'J-P'JJICE, PAPAYA PULP

VEGETABLES DEHYDRATED\/EGETABLES OrS b" AND

AND OTHER VEGETABLES "POTATO ™ S n ! LEAVES

OTHER PASTE AND CONbSjTRATES MAYV‘ 'PUREE,
‘ SUPPLIERS OF PUNT,

EQUIPMENTS & MACHINERIES MANUWCTmWWWWWW
materials, MANUFACTURERS/SUPPLIERS OF RAWMATERWLS
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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.

PASTtCCOMPOUNDINC,
IUSTERBATCHES, I
AND OTHER PUSTIC

PLASTIC COMPOUNDING
MASTERBATCHES, PET AND
OTHER PLASTIC PROCESSING
INDUSTRIES

The book covers almostallthe task: and advanced details to setup
own Plastic Processing Industry. The new edifcn of the book is
covering latest including . Exlrusran,
Injection Moulding, Biowmouldtng. PolyesterTerej‘thalate (PET),
Rotational Moulding, Post Extruston Process, Vacuum Metallizing,
Identification of Plastic Materials. Thermosetting Plastics,
Recycling. Additives for Polymers, Virgin Quality from
Reprocessed, Specialty Additives and Masterbatches, PVC

Compounding with Formulations. Automobile Injection Moulded Plastic Components, Cok>or Master
Batch for various Plastics, Compact Disks, Co-Extruded Multilayer Film and Uminated Multilayer Fitm,
Egg Trays from Plastics, Ethylene Vinyl Acetate Sheetand Sole, Polypropylene Muttifilsunanl Spinning
VAm, Plastic Films and Sheets with Printing, Plastic Granules from Fresh Resin, Plastic Injectkxi
Moulding Products. Plastic Mats, PET Bottles from Pre-form, PETPre*fomifrom PET Resin, PVC P.pes
and Fittings. PVC Ejctrusion Profiles, Computer Ribbon Cartridges, HDPE/PP Woven Sacks (Bags).
Semi-Conductive Compounds and Masteitatches. Plastic Sutli, Disposable Plastic Syringes, Plastic
Water Storage Tanks. Thermocole Based Disposable Glass, Cups and Plates. Plastic GranulesCross
Linked Polyethylene (XLPE) Compound for XLPE Cables, Suppliers of Plant, Equipments &
Machineries, Suppliers of Raw Materials etc.

O\Gms INDIﬂ RMRCH “\Sm-G-I-CMObiIe:BSll437895 *

. Nal Sarak. Main Road. Demi ¢110 006 (INDIA) PhTFax :91-11-23916117,23916431,237*0361.
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