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F O R E W O R D

During ihe Sixiees, when our company's plant for manu­

facture o f Synaprena Rubber came on stream for the first time in 

1963, the Indian Rubber Industry has acquired considerable ex­

perience and expertise in the use and application of 'Synaprene' 

Rubbers in a variety of rubber products. The credit for this is in 

no small measure due to the sustained co-operation extended by 

Industry to our Rubber Technical Service Laboratory at Bombay 

and by Its encouraging response to the technical assistance rend­

ered by the T. S. Lab. in the form of factory visits, Synaprene 

Service Letters, Synaprene Formulary Diary and Synaprene Rubber 

Handbook. Recently, this volume of technical literature was ex­

tended in the form of "Project Reports" issued by the Company 

to assist new entrepreneurs in setting up small and medium scale 

enterprizes for production of rubber goods and by assisting their 

training in the Laboratory for developing the required product line 

or compounds. That the Rubber Industry appreciates these efforts 

is obv^us from the continuing requests for more literature, more 

visits of our staff and more pressure on training faciiities and 

courses organised by our T. S. Laboratory from year to year.

As the Indian Rubber Industry continues to expand in 

volume and diversity-and this rate will be considerably accelerated 

during the seventees-more new knowledge will be essential. The 

seventees are expected to put Indian Rubber Industry in the front 

line w ith the leading industrial nations of the World in terms of 

consumption of rubber-both natural and synthetic-as well as in 

the volume and variety of rubber products manufactured and ex­

ported from the country. Our Company which has pioneered in 

the field of Synaprene rubber in India, is continuing to make ad 

effojls not only to expand its overall volume of production of 

Synaprene rubbers to meet the growing needs of Industry but to 

also extend the range of these rubbers. These efforts have culmi­

nated in the development of new rubber grades, e.g. Synaprene



1513, Synaprene EBR-OE and recently Synaprene S -2 00 0  Latex. 

Hopefully plans are being made to extend the line still further for 

produolion of High Solids Latex for Foam Industry, Nitrile tlubbers 

and other polymer blends which will help to meat critical gaps in 

supply position as at present and augment production of rubber 

goods materially in the days to come.

It is in this context that our Technical Service Laboratory 

offers this revised and updated "Synaprene Rubber Handbook , to 

the Industry at this time. It represents a significant effort in poo­

ling all technical information available from the field and in the 

Laboratory and in developing better compounds for a plethora of 

rubber products of relevance to the Industry and the Community. 

The range of products covered in this Handbook has been exten­

ded to about 300 numbers. This Handbook is planned to be com - 

prehensive enough and provides adequate data to the Indian 

rubber moulder, fabricator and producer for all important industrial 

and consumable rubber goods. This modest effort, it Is hoped, 

will prove rewarding to the Indian Rubber Industry.

Our Laboratory is ever ready to work closely w ith Rubber 

Industry on' any of its problems and for development of new pro­

ducts. It is with this sense of mission that this "Synaprene Rubber 

Handbook” is now offered to the Industry and with the abiding 

hope and trust that it will serve this purpose.

{ D. M . Trivedi ) 
Date; 1 -5 -1 9 7 2  PROJECT MANAGER



The growth of our Technical Service Laboratory servi­
ces and its usefulness to the industry has been signi­
ficantly extended by the cooperation received from the 
members of rubber goods manufacturing industry. Also, 
the positive interest of our Management has played a 
catalytic role in the growth of our activities. All this has 
encouraged us to collect, compile and publish this hand­
book, w ith the hope that this data w ill help serve the 
industry better. This enlarged edition has also been 
compiled w ith  a specific intent to help the budding 
technologist not so much from the point of view of a 
research chemist but rather from the angle of a manu­
facturer of finished rubber products.

Careful attention has been paid to the extent possible 
to checking the accuracy of data presented in this book. 
In actual practice, however, the recipes may possibly 
vary depending upon the variety of extraneous factors 
which normally govern rubber compounding in a factory. 
Therefore, the reproducibility of results that may be 
achieved w ith the use of recommended recipes or any 
other deviations arising out of recommended usage as 
detailed here can hardly be guaranteed.

The publication of a work of this type has involved 
assistance from various levels. In particular, my thanks 
are due to  the Project Manager for the valuable guid­
ance and to my colleagues in the Laboratory for their 
painstaking efforts.

S ynaprcne S erv ice Patel)
1st May, 1972 Technical Manager

V lt



Foreword V

Preface VII
Abbreviations for properties XIV
Abbreviations for ingredients XV

1 Introduction 1

2 Manufacture of SBR 5

Flow Sheet A n  Plate

3 SpecificatioQs of Synaprene Rubbers 7
A rt Plates

4 Processing of Synaprene Rubbers 16
a. Mastication 16
b. Peptlsation 17
c. Mixing Miil Data 19
d. Internal Mixer 19
e. Blending with other Polymers 24

Banbury Power Study (A rt  Plates)
f. Extrusion 27
g. Calendering 30
h. Vulcanization 32
i. Finishing 38

5 Compounding of Synaprene Rubbers 39
a. Basic Properties o f NR & SBR 40
b. F iller System 45
c. Plasticisers 46
d. A ctivators, Accelerators & Vulcanising Agents 48
e. Protective Agents 52
f. A uxiliaries 54

6  Basic Study of Synaprene Rubbers 59
a. Blends o f Synaprene 1500 & NR 60
b. Blends o f Synaprene 1712 & NR 61
c. Blends o f Synaprene 1500 & Reclaim 63
d. Blends o f Synaorene EBR-OE & NR 65
e. Blends o t  Synaprene EBR-OE & S-1712 6 6



C  O N T E N 1  S

f. Triple BlenJs o f S-1500/EBC 3 X /WTR 6 8

g. Tripio Blends o f S-!?i:/ K B C  3 X ,WTR 69
h. KAF Loading in Sytiaprene 1500 7o
j. Effect of Naphlhenic Oil in Synitprenc 1500 7i
j. Effcct o f Naphthenic Oil in Synaprene 17J2 72
k. Effect o f Hard & Sofi Clay in Synaprene 1502 73
!. Effect o f Soft Clay at 25 HAF Constant in S - .7 f2  74 
m. Effeci o f Hydraietl Silica & Calcium Silicate

in I5o2 75
n. Effect o f PrecipitaieJ Calcium Carbonate in S-I5C-2 76

7 Technical Service Activities 77
8  Synaprcn? Rubber in Tyres 8 8

a. Truck Tread 89
b- Passenger Tread 90
c. Truck Tyre Carcass 91
d. Tyre Bead Insulation 92
e. Side-Wall Compounds 93
f. Scooter & Motor Cycle Tread 94

9 Cair.eJback & Retread Materials 95
a. Truck Tyre Retreads 104
b. Passenger Tyre Retreads 105
c. Cushion Gum Compounds 106

10 Inner Tubes 107
a. Passenger Tubes 108
b. Scooter & Motor Cycle Tube 112

11 Cycle Tyres .& Tubes 1 13

12 Beltings
a. Conveyor Belt 1 J7

b. Flat Transmission lielt 1 jg
c. “V” Type Transmissfon Belt 120

13 Moulded Goods
a. Compounds for 40^5 Shorv* A Hardness 129
b. Compounds for 50±S Sbnrc A Hardness 13 0

c. CorapounJs for 6 0 t5  Shore A Hardness 131

d. Coropounfls tor 70±5 Shore A Hardness 132
e. Compounds fo r Sl)±5 Shore A Hardness 13 3

f. Brake Cylinder Cup & Heal Resislant Compound 134

I X



g. Shock Absorber Bushing, Suspension
Bushing & Gromniets j 3 5 ,

h. B3U0 WS, Steering Wheel Boot & Dust Cover Boot 136
i. Automotive Bumpers I37

j. Foot Pedal Pads. Gaskets, Window Seal and
W ater Stop j 3g

k. Door Stop & Battery Tray ^39

1. Buffer Spring, Bottle Stoppers, Valve-Ball and
Stereo Plate j 4 0

m .Jar Rings and Dropper Caps 141

n. Trolley Wheel, Solid Tyres & Castor Wheels - 142 
o. Rubber Joint Rings I43

p. Rail Pads 14 5

q. Floor Tiles 14 7

n  Pencil Erasers I4 9

Rubber to Metai Bonded Goods 1 5 0

n. Low Set Compound for Bonding 158
b. Auto Engine Mount 158
c. Various Hardness Compounds fo r Metal Bondings 159

Extruded Goods 1^0
a. Truck Lid Seal, Door Seal, Weather

Strip and F iller Cord 163
b. Q Channel, R efrigerator Gasket, Beading

and W ater Tubing 164
c. Laboratory Tubing & Transluseent Tubing 165
d. Domestic Gas Tubings 166
e. Extru.led Rubber Section o f Different Hardness 167

Wire & Cables 168

a. Cable Compounds fo r CV Cure 170
b. Cable Compounds fo r Pan Cure 171
c. Cure Systems for Pan Cure 172
d. Cable Fillers 173

Hoses 175
a. Wdtcr Delivery Hoses 178
b. B raidel W ater Hoses & High Pressure Spray Hose 179
c. Welding H o « , Vacuum Brake Hose and

Feed pipe fo r Locomotive 180
d. Radiator Hose & Boiler Wash-out Hose 181



18 Sponge Rubber
a. BJack & Coloured Sponge (Moulded), Sponge 

Arm  Rest and Padding fo r Door Handle
b. Extruded Sponge Channels
c. Sponge Core fo r Tennikoit Rings

19 Ebonite
a. Steering Wheel
b. Coloured Ebonite Rods
c. Toilet Seat
d. Mine Batteries

20 Calendered & Spreaded Gcods
a. Proofing Compounds
b. Ground Sheets
c. Mats & Mattings fo r Automotive Industry
d. Antistatic Mat

2 1  Rubber Rollers
a. Soft Rubber Roller Compounds
b. Ebonite Roller Compounds
c. Type W riter Roll. Wringer Roll
d. Printing Roll

22 Tank Lining
a. Ebonite Lining
b. Soft Rubber Lining

23 Miscellaneous Goods
a. Foot-Ball Bladder & Play-Ball
b. Leather Like Belts & Insulating Tape 

54 Footwear
a. Moulded Soles & Heels-Coloured
b. Moulded Soles & Heels-Black
c. Neolite Soling & Banwar
d. Microcellular Solings

'■ HlrTne's!'''"’’ Shore A

H i"dne«“' ' '  " ^ p o u n d s for 46-65 Shore A

H a rre fs '“ '“'  Shore A

216

h. Hot A ir Cured Footwear 

XII



1 Canvas Shoe Sole GreUe A (Black) 222
2 Canvas Shoe Sole Grade B (Black) 223
3 Coloured Canvas Soles o f Three Grades 224
4 Knee-Boot Compounds 225
5 Inner Sole Solid Sponge 226

D. V. Footwear 227
a. D. V. Soles for Leather Uppers 230
b. D. V. Canvas Soles 231

26 Nitrile Rubbers 232
a. Blends o f Synaprene Rubbers with Very High

A crylonitrile Rubber 238
b. Blends v/lth Medium High A crylonitrile Rubber 239
c. Oil Resistant Compounds ASTM BG Series 240
d. Oil Resistant Compounds ASTM EC Series 242
e. Stabiliser Pad, Bushing & Grease Cup Ring 244
f. Kerbside Pump Hose & Pressure Cooker Gasket 245

27 Blends of Synaprene Rubber with Polychloroprcne Rubbers 246
a. Oil Suction «& Delivery Hose, Battery Bool 248

28 APPENDIX
j. Volume Cost Calculation 249
ii. Specific G ravity o f Polymers & Useful

Compounding Ingredients 250
iii Conversion Factors 255
vi. Pressure Temperature Equivalent for

Saturated Steam 257
v. M ethodsofCalculatingBurstingPressureofH oses 258
vi. Chemical Resistance o f Rubbers 259
vii. Concept o f Solubility Parameter o f Polymers

and Related Materials 262
viii Typical Analysis o f Rubber Processing Oils 264
ix ASTM Nomenclature o f Carbon Blacks 265
X. A ccelerator DPR-5 266
xi. Relative Properties o f Elastomers 268 & 269
xii. Relative Gas Permeability o f some

, Vulcanized Elastomers 270
xiii Synaprene S-2000 latex 271
xiv Cord Dip 272



S. G.

ML^
MS

Cure @ 141°C

T.S.

E.B.

Mod. 100% 

Med. 300% 

Hardnfss 

Tear S 

Comp. Sel %

T. Set %
Flex 1

Flex 2.4

Flex 2B

Abr. loss

Abr. Index 

Basborc R 

A  T.S.
A E.B.

A  Hardness 

A  V
Split Tear 

V. Cost Rs./L.

Specific Gravity.

Mooney Viscosity @ JCC“C.

Mooney Scorch @ 126<>C fo r  5 units rise 
(unless otherwise specified)

Optimum Press-Curc time in Minutes 
(unless otherwise specified)

Tensile Strength, kg'cm^

% Elongation @ Break.

Modulus @ 1 0 0 % Elongation, kg^cm^ 

Modulus @ 300% Elongation, kg/cm^
Shore A^ Hardness.

Tear Strength -  Angle type -  Die C, kg/cm

C o n sta n t d e f le c t io n  @ 25“/̂ : I.S •
(Parr X) -  1969, 22 hrs @ 70®C 
(unless otherwise specified)

Tension Set -  S. : 3400 (Part XIII)

Machine; K ilo  Cycles to 600%

DeMattia Flex Machine; Kilo Cycles to 

(K.C. to initiation o t  pin points.)

' ^   ̂ i" «  per hourusing I. S. O. type paper C U -  180

Abrasion Index -  I. S. ; 3400 (Part III) 1965

Basboreresiliom .ter, % rebound resilience.
% Change in I ensile Strength.
% Change in Elongation at Break.
Change in Shore Hardness
% Change in Volume.
In kgs/2 .5 4  Cms. ^

V o lu m e c o s t in  R s. p e r  l it r e .



NR Natural Rubber R M A -l X
O.K Oil extended.
VVTR Whole lyre reclaim (Best quality)
NBR (High) A crylonitrile Butadiene Rubber-high niirile 

content
NBR (Medium) A crylonitrile Butadiene rubber Medium 

nitrile content
NBR (Low) A crylonitrile Butadiene rubber-Low  

nitrile content
CR Polychloprene rubber (mercaptan modified, 

medium'crystailising)
PVC Polyvinyl chloride resin,
Mod. P/F resin Modified phenol formaldehyde resin.
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H. Ar. o n Highly aromatic process oil.
Ar. Oil Arom atic process oil.
Naph. iOil Naphthenic process oil.
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\ IPPD Isopropyl paraphenylene diamine.
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Diphenyl paraphenylene diamine.
ETDQ 6 -E thoxy-l, 2-dihydro-2,2,4- trimethylqui- 
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DPT Dinitroso pentamcthyiene tetramine 

organic blowing agent



INTRODUCTION
R ubber is one o f llie most versatile m aterials o f con­
struction known lo  the w orld sincc last century. A  
m ultitude o f products with specific properties o f flexi­
bility, stretch, rebound and abrasion resistance can be 
m ade from  rubber. R ubber has continued to  occupy its 
position o f pride fo r  im parting specific properties lo  end 
product.s am ong other m aterials o f construction such 
as steam, cement, plastics etc. T he level o f consump­
tion o f rubber is reckoned with as an index of economic 
grow th o f a nation.

N atural rubber w as discovered in Brazil in South .Ame­
rica about 100  years ago as a m ilky liquid oozing out 
o f rubber tree,s. The process o f coagulation o f the 
liquid rubber (latex) and the discovery o f vulcanisa­
tion o f rubber m ade it possible to use it fo r m anufac­
turing certain products. O ver a period, its scarcity was 
fe lt and h a ice  afforts w ere m ade to augment its supplies 
by synthetic rubber with properties com parable to those 

o f natural rubber.

T he basic concept lo  chem ically synthesize rubber was 
derived from  the know ledge o f chem istry and particu­
la rly  from  the m olccular structure o f natural rubber. 
Ih c  im portance o f synthetic rubber was first recognised 
in G erm any and Russia during the early  30 ’s. During 
the first W orld  W a r G erm any w as most alfectcd for 
w ant o f a suitable substitute o f natural rubber ajid deter­
mined to  ensure that, in the event o f another w ar. the 
sam e situation w ould not recur. D uring the second

1



W orld W ar. when W csicrii counlrics wltc coiifronfotl 
with rcilriclod availability o f Hatural nrbbcr, llio jjlanning  
fo r cotnmcrcial [iroduclion o f syn lhelic rubber gathered  
momentum.

During the last 25 years, sigiiilicant ctuaiililies o f syn­
thetic rubbers ha'O been produced, w ith the resu lt that 
whereas, in !'>4t) the world consum ption o f synthetic  
rubber was o jily 2̂ /e o f the total consum ption o f rubber, 
the corresponding figure fo r  1970  w as 66% . H ad it not 
been (or the significant availab ility  o f  d ifferen t types o f 
synthetic rubbers, (he present stature o f  the ru bber con­
suming industry might not have been achieved.

The synthetic rubber consumption in the  last 2.5 years  
lia.s gained .such significance that in the U . S . A . ,  the 
con.sumplion is now 77 %  o f  the total. T he correspon­
ding figures for other countries are  U .K . 597 ;,. Canada  
74<;;, Japan 63 % , Germ any 6 4 %  and Brazil 1 0 ' ,  . The 
percentage o f synthetic rubber consum ption in 1970  fo r 
India was 26.9^^.

.\pan from  the positive ro le  played by synthetic ru bber 
m supplementing the availab ility  o f natu ral rubber, 
another important a.spect o f synthetic ru bber has been 
to  act as a lever to regulate the priccs o f natu ral ru bber 
rh ere  are different types o f synthetic rubber now  pro- 

duced the W orld over, am ongst which the im portant 
ones arc SB R , Polybutadienc, Polyisoprcne. Butyl, Poly- 
chloropre,>e. Nitrilc, Silicone and lith ylette  Propyle.K-, 
Broadly speak,ng, the synthetic rubbers are divided into

bers a ,e  ,he ones which can be used either by them- 
^.clves o r ,n comb,nation with o ther rubbers to  supple-



mont natural rubber. T he spccial purpose synthetic 
rubbers im parl specific properties to the finished pro­
ducts viz. resistance to  oil, resistance to heat o r reten­

tion o f air etc.

■ Am ongst the general purpose rubbers staled above, the 
most versatile one is the SB R  type.. This is the oldest 
synthetic ruT>Bcr known and has been in commercial 
production since 1940. This rubber has been so well 
established the w orld  over that it is called the W ork  
H orse o f the rubber industry and today accounts fo r  
some 6<)% o f total synthetic rubber production in the 
W orld . It was, therefore, m ore appropriate that India s 
first synthetic rubber plant w as fo r  SB R  type synthetic 
rubber, which has now  been in production since M ay,

1963.

A t  this stage, a  b rie f review  o f the Indian scene will 
not be out o f place. India, expect Brazil, is the only

■]: country in the w orld  which produces both, natural and
synthetic rubber. India has been producing natural 
rubber sincc 1902 and has curren tly about 50 0,000  acres 
o f land m ain ly in K e ra la , devoted to  the production of 
natural rubber. Until 1956. there was little  consum p­
tion o f synthetic rubber, as India was in fact, surplus 
in natural rubber. G radu ally , the Indian rubber industry 
started im porting sm all quantities o f synthetic rubber and 
by I960 was consum ing around liy r i  synthetic rubber. 
O bviously the know -how  fo r the use o f synthetic rubber 
in the country w as limited. Besides, the m anufacturers  
o f rubber goods preferred im porting natural rubber to 
.synthetic rubber inspitc o f the fact that the latter was 

cfieaper lhaii the form er.

^ C onsideratjoii w as given as early  as 1957  by the G o vern ­
ment o f India to  p lan fo r dom estic production o f syn- 

3



ihelic rubber in view o f llic projccled m crcase in 
demand ol: rubber, l l  was l:clt that if syntliclic rubber 
can be produced locaDy from  indigenous raw  m aterials, 
the country wouid be alm ost self sufficient in rubber.

Tire foundation stone o f the first s.Mithetic rubber plant 
o f India was laid in Jan uary 1961 , at B areilly , the ep i­
centre o f bouncing sugar industry in the heart o f the 

state o f U ttar Pradesh. Designed, engineered and com ­
missioned in a record period o f ju.st little  o ver tw o years, 
(he plant has licensed capacity to  produce 30 ,0 0 0  tonnes 
SB R  per annum. The Plant is unique in tw o w a ys ;

1. The Plant has under one ro o f  un its producing  
styrene and butadiene monom ers, the tw o principal inter­
mediate raw  m aterials fo r  the production o f SB R .

2. The technologies adopted fo r  these plants arc  

the latest and the know -how  has been obtained from  
the most outstanding foreign companies in the w orld  
like Chemische W erke Huls, W est G erm any, fo r S tyren e; 
Union Carbide, U .S .A .. fo r Butadiene and F irestone  
Synthetic Rubber and Latex Co.. U .S .A .. fo r  the R u b ­
ber Plant. A n y  visitor passing by it, cannot but be 
impressed by its spleiided ma.ssivc tow ers shining through­
out the day and be awed by the blazing lights on the 
gigantic structures illum inating the area during the night. 
The plant can be rightly described in the w ords o f o u r  

late Prim e Minister, Jaw aharla l Nehru, as a 'T em ple o f 
M odern India’ .

Sincc the day o f commencement o f production, the Plant 
has produced m ore than 1,80 ,000  tom ies o f rubber and  
saved fo r the country foreign exchange w ortli Rs. fO 
crores. The future o f the rubber goods producing indu­
stry is well poised fo r spectacular growth and w ith it, 
the fu ture o f this plant is associated.
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M AN U FA CT U RE  O F SB R
d e t a i l s  o f  p r o c e s s

, A )  M A N U F A C T U R E  O F ST Y R E N E  M ONOM ER:
( 1 ) F irst E thyl A lcohol is converted to Ethylene

by a dehyclnuion . o n
)  r- _________________ _ ~

F A y l A lcoho l Ethylene
(0 )^Benzene on alkylation with Ethylene gives 

E thy lbenzene in the liqu id  phase process using 
alum in ium  ch lo ridc as a catalyst at 95 C^

_____________ _ C 6H5 - Q H 5
C2H4 +  . Elhyl-Benzene
EthylenC) dehydrogena ted  to

convert it to  Styrene M onom er,

C ,H , -  Q H 5 -----------------

Ethyl-Benzenc _  CH  =  C H . +  H ,

Styrene
j  Styrene M onom er is stabilised by a  proper
^  inhibitor to  prevent further polym erisation

during storage.
IB ) m a n u f a c t u r e  o f  BU TAD IEN E.

( 1 )  The starting basic rasv m aterial is E y -
hoi and It is dchydrogen^d fo  Acetaldehyde.

H -O H   ---------------- C H 3CH O +  H ,
e W  A lco h o l (A cetaldehyde)

(2 ) A ceta ldehyde and Ethyl A lcoho l arc passs. 
o ver a  dehydrating catalyst to  produce Buta 

diene M onom er.
C H 3CH O  +  C .H sO H  »

A cetaldehyde ^  C H , +  H ,0

Butadiene
i  >  Butadiene M onom er is stored in HORT

 ̂ sphere under pressure.
5



i (Cij P O LY M E R ISA T IO N :

I Styrene and butadiene m onom ers are  m ade ;o  poly,
merise ujider strictly controlled conditions o f reaction  
and tem perature in a battery o f continuous polym erisa- 

I tioii reactors using emulsion poiym erisalion technique.
I l l t e  poiymerisatioji tem perature w hich is ve ry  critical

during the process, is controlled at 4 I “F  (5 ° C )  fo r  cold  
rubbers. Som e special grades o f Syiiap rcncs are made 

i' at higher temperatures also.

; I; The conversion o f m onom ers to  the co po lym er is not
i;. carried out to  completion to r  reasons o f q u a lity  and the
if! poiym erisalion reaction is short-stopped at a  p redeter­

mined inlerm cdiate stage to  obtain the desired p ro p er­
ties in the finished Synapreiic rubbers. T he unreacted  
monomers are stripped from  the latex and recovered  
fo r reuse, as recycle stream s, in the process a fte r pu rifi­
cation.

(D J R U BB E R  PL.A.NT:

The latex is pumped to  the rubber plant w here a 
definite am cuiu o f antioxidant o r stabiliser is m ixed to 
stabilise the product during the drying  prcccss ajid .stor­
age. H ere it is coagulatcd with dilute acid o r  brine/  
acid o r  alum/acid o r  glue/acid solutions. The residling  
slu rry  is discharged into a holding (ank, w here the j i l l  
IS  such that most o f  the .soap contained in the rubber 
is converted into organic acid. The cnm ibs arc  then 
thoroughly washed in a  tank to rem ove the soluble s a il, 
after wh.eh the product is dew alcred and shrcxlded to 
fa c h ta tc  the drying. Shredded crum bs are dried on a 
conveyor belt at 8 0 - 9 0 X  and baled, dti.sled with talc  
and packed ,n loosely lammated polyethylene lined paper-



SY N A P R E N E  1514  is a copolynnjr of Butadiene 
and Styrene made by cold emulsion polym erisation system 
osing a  fa tty  acid and rosin soap emulsifier. It is a non­
staining, non-discoloring type o f cold 'nibbcr, fiavm g high 
bound styrene and high m ooney viscosity. It has very 

high green strength and tack.

SPECIFICATIONS

Raw R ubber 
Volatile Matter, %
Ash, %
Organic Acid, %
Soap, %
Non-staining A.O. %
Hound Styrene. %

Compounded Vi-scosity: 
ML4 @ 100-C  
Ultimiite Tensile. kg/cmU 
Ultimate Elongation. % 
300Vo Modulus, kg/cm‘̂  
300% Modulus, kft/cnVJ 
300% Modulus, kg/cm2

Polymer 
EPC Carboj 
Zinc Oxide 
Slcaric acid 
Sulphur 
MBTS

Note: Test Melliocls are as per ASTM Staridards,

A P P L IC A T IO N S : V ibration M ountings, Shock A b ­
sorbers, M icroccllu lar and Nuclear Solings, Ebonites and 
other hard rubber products and highly loaded goods.

II

Milt. Max. Typical
_ 0.75 0.218
_ 1.50 0.310

3.75 7.00 4.835
_ 0 . 1 0 Traces

1 . 0 0 1.75 1.28
38.00 42.00 39.5

) lOO'C 65 75 67

id cd  R ubber cu red  al 144.4'^C :

M inutes Min. Max. T ypica l

_ 74 71

50 218 - - 285

50 575 — 650

25 24.6 45.7 35

50 54.4 « 8 85

1 0 0 8 8 116 105

EST RECIPE
1 0 0 . 0

1 bliick (NBS) 40.0
(NBS) 5 .0
(NBS) l.^
CNBS) 2 . 0

(NBS) 2 . 0



SY N A P R E N E  1 7 12  is a  copo lym er o t  Bulaclicnc ami 
Styrene m anufactured by a cold em ulsion polym crisalioii 
system using a fa tly  acid and rosin soap em ulsifier and 
extended witli 3 7 .5  parts o t  a highly arom atic process­
ing oil,

It is an easy processing staining type, oil-extended, 
cold rubber. Synaprcne 1 7 12  perm its signiticant saving 
to  be m ade in compounding because o f  its rem arkable  
physical properties.

Raw R ubber 
Volatile Matter, ‘/r
Ash, %
Organic Acid, %
Soap, %
E.T,A. Extract, %
Staining A.O., %
Bound Styrene, %
Mooney Viscosity, ^

P m p m ie s  o f  th e C om pound ed  R u bb er cu r e d  at I44.4'=C:
j  . M inute!: Min. Max. T vp im l

C om pounded v iscosity , ’

SPECIFICATIONS
Min. Max. T yp ica l

— 0.75 0.29
— 1.50 0.24

3.90 5.70 4.99
— 0.50 Traces

30.00 36.60 31.20
1 . 0 0 — 1. 15

21.50  
4 @ 10()°C 48

26.50 23.66
62 50

M inn ies Min. Max

— — 67
50 204 __
50 600
25 14 28
50 32 60

1 0 0 53 84
I'EST RECIPE

56
232
76(1

Ultimate clonEation, % 
m %  Modulus, kg/cm- 1 4

300% Modulus, kg/cm2  50 3 -> 2 ,  I’
300% Modulus, kg/cni2  loo 5 3  ^4

t e st  r e c ip e
Polymer Ujy y
EPC Carbon black (NBS) 4 0  0

i S  -

O fc .  ,„ a  E a l i

12



p r o c e s s in g  SECTIO N-D Baiiburv C lose-up

PHYSICAL TESTING SECTION -  /



SY N A P R E N E  17 12  is a  co p o lym er o f B iilad ione and 
Styren e m aiiu tacturcd b y  a co ld  em ulsion polym crisalion  
system  using a  fa tty  acid and rosin  soap em ulsifier and 
extended w ith  3 7 .5  parts o f a h ighly arom atic  process­
ing oil.

It is an easy processing staining type, o il-extended, 
cold rubber. Synaprene 1 7 12  perm its signilieant saving  
to  be m ade in  com pounding because o f its rem arkable  
physical properties.

S P E C IF IC A T IO N S

v o la t i le  M a i le r , %  . .  _  , ,.7 5  0  29

■■ -  1 .5 0  O -'a
O rgan ic  A cid , %  . .  3 .9 0  5 70 4 99
Soap, %
n I -A  c  . , ■' ^ T r a c e s
E .T .A . Exlracl, %  . .  30 , qo 35.60 31 20
Sla.m„g A .O .. %  , .0 0  _  , , “
Bound Slyrcnc, %  ,1 ,5 0  26.50 13  66
Mooney Viscosity, M L 4  @ 100“C  48 62 5 0 ’

P rop erties  o f  th e C om pound ed  R ubb er cu r cd  a ! 1 4 4 .4 ° c:

Compounded viscosity,
ML4 @ iOO^C 
Ultim ate tensile, fcg/cni 
Ultim ate elongation, %

M innies Min. M as. Typical

— 67 56
50 204 _ 232
50 600 _ 760

i--̂  25 14 28 15
50 32 60 41

JOO 53 84 65
t e s t  r e c i p e

on black
100,0

fN B S ) 4 0 .0
(N B S ) 5 .0
(N B S ) 2 .0
(N B S ) 2 .75

Polymer 
EPC Carbc 
Zinc Oxide 
Sulphur 
M BTS

N ole: Test Melhods arc „  s ,anci„,|,

and T yre Treads, Cam elback D rive
and C onveyor belts. Hoses, C ycle T yres an .l u , L  > 
other M eehanical/M oulded and Extruded goods



PROCESSING SECTIO N-D Banbury Close-up

PHYSICAL TESTING SECTION -  A



PHYSICAL TESTING SECTION -  B

PHYSICAL TESTING SECTION-C  
Hiah Voitaae TA^rpr F* i n f r a . __ l .



SY N A P R E N E  1714  is a  copolym er o f Butadiene 
and S tyrene m anufactured by a  cold emulsion polym eri­
sation system , using a  fa tty  acid and rosin soap emulsifier 
and extended w ith 50  parts o f a  highly arom atic oil.

It is an easy processing, staining type, oil-extended 

rubber.

SPECIFlCAnONS

Raw R ubber  
Volatile Matter, %
Ash. %
Organic Acid, %
E. T. A. Extract. %
Soap, %
Staining A.O., %
Bound Styrene, %

Min. Max. T ypical
0.75 0.40

— 1.50 0.22
3.90 5.70 4.75

36.0 42.6 40.8
__ _ 0.50 Traces

1.00 — 1. 15
21.50 25.50 23.65

1 1 0 0 ° c 43 57 45

(led  R ubber cu red ai I44.4°C:
M inutes Min. Max. Typical

_ 67 51
50 180 190 205
50 600 600 750
25 11 25 IS
50 25 53 35.15

100 42 74 52.7

Compounded Viscosity,
ML4 @ lOO^C 
Ultimate Tensile, kg/cm’-i 
Ultimate Elongation. %
300% Modulus, kg/cm2 
300% Modulus. kB/cm2 
300% Modulus, kg/cmii

TEST RECIPE 
Polymer 100.0
EPC Carbon black (NBS) 40,0  
Zinc Oxide (NBS) 5 .0
Sulphur (NBS) 2-0
MBTS (NBS) 2.75

Nolc: Test Methods are as per ASTM Standards.

A P P L IC A T IO N S : CamcJback, C ycle tyres and
^  lubes. E xtruded A utom o tive  R ubber Products, Low-cost 

m cchanicai goods.



SY N A P R E N E  1958  is a self-rein forcing  Styrene  

B utadiene rubber.

Synaprenc 1958  is liglit co loured  and is free o f 

staining m aterials. It is paeiced in the  fo rm  o f crumb,s 

and bales.

SPECIFICATIONS

Ro\y R ubber 
Volatile  M atter, %  

Ash.

Organic Acid, %  

Soap,

Non-staining A.O ., %

Min. Max.
0.75
0.75
7.00  

0.50
2.00

A P P L IC A T IO N S : Synaprenc 1958 is especially use­

ful fo r  M icrocellu lar solings, Resin soling and leather 

like products, but it is also va luab le  in the production  

o f an y light coloured rubber products requiring stiffness 

o r hardness, combined w ith  good physical properlies, 

abrasion resistance and m oderate ftex resistance. It can 

also be used in the m aniifacturc o f toilet seals, steering  

wheels and o ther ebonite products.



SY N A PR E N E  EBR-OE

SY N A P R E N E  E B R -O E  is a  bom opolym er o f Buta­
diene, m anufactured b y  a cold emulsion polym erization  
system using a  fa tty  and rosin a d d  soap emulsifier and 
extended with 3 7 .5  parts o f a  highly arom atic oils. It 
ia an  easy processing staining type o f cold rubber havmg 
high abrasion resistance and flex-life.

S PECIFICATTO N S

Raw Rubber 

Volatile matter, %
Ash, %
Organic ackl, %
Soap, %
O il content %
Mooney viscosity, M L 4  100 C

n o p e r t i e s  o f  ih c  C o m p om td d  Ruhhn- cure,I at I44.4‘‘ C :

Min. Max. Typical

_ 0.75 0.06
_ 1.50 0.37

5.0 7.25 5.48
_ 0.5 Traces

24.0 30.6 29.4

33 44 40

■“ v
M im ilet Min. Max. Typical

4H 42

50 127 — 133

50 550 — 575

25 12.3 33.5 32

50 24.6 53 51

100 42 70 68

rom pouiidcd viscosity 
' M L 4  at inO °C

Ultim :ilo Tensile kg/cm-'
U liim atc Elongation %
300% MoJiilus kg/cm :i 
300% Modulus k g /c n ii 
300% Modulus kg/cnl2

TE S T  R E C IP E

ro lyn ic f 

EPC (N B S )

ZnO 
Sulphur 

M B TS

/  A P PL FC A T IO N S: T yre  T reads, Carcass, Cam elback  

and Cycles tyres.

100.0 
40.0

5 .0

2.0  
2.75



S>aiaprene Rubbers can bt; processed in a  sim ilar 
way as natural rubber. M achineries required fo r  p ro ­
cessing are  also similar, how ever, a few  modifications 
can im prove the productivity. A lso  the processing be­
haviour o f Synaprene rubbers can be im proved b y  m inor 
alterations in the processing techniques.

( 1 )  M A ST IC A T IO N :

T w o roll open m ills and internal m ixers (B anbury  
m ixer) are used fo r  masticating high m olecu lar weight 
polym ers such as natural rubber and Syn ap ren e rubbers. 
T he ro lls o f the mill revo lve  at differential speeds creat­
ing friction o f the rubber between the nip. F o r ’ mastica- 
ting and mixing Synaprene rubbers the p referab le  friction  
ratio  o f ro lls at 1 : 1 . 1 5  to  1 .3  i.s adequate. L o w er fr ic ­
tion ratios on the roll cpsate bagging o f Synaprene ru b ­
ber w hile higher friction ratios tend to  give better b reak ­
down, faster m astication and im proved  dispersion o f fillers 
in the Synaprene m atrix, how ever, generation o f heat is 
greater with higher fric tion  ratios. R ubb er is masticated  
to  reduce the nerve, viscosity and m ake it m ore ad ap t­
able to subsequent processing.

The m ain advantage o f using Synaprene rubbers is 
that prolonged m astication is not required. R ubbers band 
instantly on the m ill ro ll to  fo rm  a  smooth band w ithout 
developm ent o f fish eyes. Synaprene 151.'?, 1514  band 
faster than Synaprene 1500 , 1502 and 1712 .

It is w orthw hile noting that when Slyrcnc-Butadicnc  
rubbers w ere first introduced, the polym er presented 
m any difficulties during m astication and mi,ving. W ith  
the passage o f tim e, the technology o f m anufacturing and 
application o f SB R  has im proved. Today, the Synaprenos 
(S B R ) are  availab le which exhibit excellent processing



behaviour specially tow ards mastication and mixing. In­
digenous Synapronc rubbers are  availab le to  any desired 
M ooney viscosity riinging from  30 M L 4 to  1 10  M IA . 
Standard  g lid e s  such as S -1500 , S -1502 , and S -17 12  arc  ̂
tailor-m ade to  50  M L 4, the  viscosity at which the rubber 
processes on the m ill w ith great ease. A  typical effect 
o f m asticating natural rubber com pared with Synaprene 
1502 & 1 7 12  at 5 5 °C  is shown as under: —

T im e
(M inu tes)

Synaprene 1502 
M L 4  100“ C

Synaprene 1712 
M L 4  ICO"

R M A - l  
M L 4  100*̂  C

0 52 .50 90

6 50.5 38 59

10 ■49.5 37 52.5

15 47 35 42

30 43 32 31.5

F ro m  the ab ove T able, it can be seen that natural 
rubber degrades much taster com pared to  Synaprene  
JS62 . a  m inimum m astication tim e o f 10 minutes is 
required to  breakdow n natu ral rubber to  5 2 .5  lC?L4 which  
is the original viscosity o f Synaprene 1502. D uring fu r­
ther m astication, natural rubber keeps on degrading  
which is not the ease w ith Synaprene rubbers.

(2 )  PEI>TlS<>TION:

U nlike na tu ral rubber, Synaprene rubbers do not 
need i>eptisation by chemical agents bc-cause the tailored  
viseosil)*- is goo4  enough fo r m ajor rubber products, 

i t  H ow ever, fo r  a  fc\V^pplications, w here low  viscosity is 
; required fo r  the com pounde#  slocks, peptiscrs like ihio



Jiapthol, zinc salt o f pen laclilo ro lh io  p lionoi, di-ovlho- 
bcnzaniido diphL-nyl disulfide, can be used. Peptisation 
by these chemicals also  need higher (em perature (about 
i0 0 -1 3 0 ° C ) and afte r attaining the required plasticity, 
fu rther break-dow n o f the m olecular chains can be 
arrested by adding sulfur. T he norm al p roportions of 
su lfu r required fo r vulcanisation a rc  suflrcienl fo r  the 
purpose.

H owever, the latest trend is to start w ith a polym er 
having low  m ooney viscosity like Synaprctie  15 13 . There  
is another recourse to  achieve lo w  com pounded viscosity 
fo r sponge products by adding high am ounts o f oil along 
with small quantity o£ fine partic le  carbon  b lack  o r p re ­
cipitated silica. This route is v e ry  econom ical also. But 
in  these com pounds, the com pression m odulus values arc  
penalised to  a  certain extent. T he peptisation  step can 
also be carried out in an  internal m ixer at a controlled  
temperature.

MIXING EQUIPMENTS

(a ) T W O -R O L L  OPEN M ILL'.

D uring mixing o f rubber with re in forcing  fillers, 
high heat is generated due to  high stresses and  friction  
m volved at the nip o f the ro lls, w here actual m ixing  
lakes place. This has led to  various changes in llic  
design o f the mixing equipment o ver a period  o f  tim e. 
The mam m odifications beijig, the drilling o f the ro lls 
instead o f using a  core fo r  efiicient cooling b y  w ater 
circulation, use o f a  special a lloy  and thin she lled  ro lls.

W hen the necessity arises to install a  new  mixing 
m ill, ro lls speeds o f 100  and 125 feet per m inute should  
be considered fo r  2 2 " x 6 0 ”  m ill. Sm alle r m ills should  
have low er ro ll speeds fo r the safety o f the o perato r 
working on the mill. Follow ing table w ill serve as a 

18



guide to  sclcct the right type o f mill for Synaprcnc rub­

bers.

TABLE: 2

Mill Size 
in cms.

Batch size 
Approximate 

in kgs.
Sp. Gr. 1.25

Motor
H.P.

Drive Roll 
RPM

15 X 33 0 .68  —  0 .90 7 .5 30— 35

31 X 61 4 .5 4  —  8 .2 30—  40 20— 30

36 X 76 9 .1 0  — 13.6 40—  50 20— 25

41 X 107 13.6 -^ 22 .6 60—  75 :o— 25

46 X 122 20.4 — 31.8 75— 100 20— 35

56 X 152 34.1 — 56.8. 125— 150 20— 22

71 X 213 7 9 .5  — 136 200— 250 1 4 -1 7

(b ) IN T E R N A L  M IX E R :

T he lim itations o£ 2  ro ll open null and the pressure 

on increased production had led to  the developm ent of 

Internal M ixers, A n  Internal m ixer masticates the rub­

ber and m ixes the stock rapidly. It is safer and cleaner 

to  w o rk  with. D uring rccent years, higher horse power 

and high pressure machines have com e into use fo r 

higher productivity , thus resulting in  shorter mixmg 

cycles calling fo r  autom ation in charging and discharg- 

ing the batchcs.



Following details on tlie B anbury m ixer a re  interest­
ing:

Type
Gallons of

Size Kg. Rotor M otor cooling
S.G . 1.2 RPM H. P. water

required.

BR 1.2 230;i551116|77 2 5 |1 7 j l2 .518.5 -

O O R 1.8 125i62.5 30[15 __
lA l i .2 5 120|60 100|50 25

3A  & 3D 45 70j35 3001150 75

9D 122 43|215 400j200 150

n  &  I I D 155 40j20 6001200 150

27 &  27D 340 32 1500 200

(c ) CON TINUOUS M IX E R :

M ixing procedure on an open m ill and in an  internal 
m ixer is a batch process. F o r continuous m ixing o p era ­
tion, CON TIN UOUS M IX E R S  arc  used. IniportanI 
features o f a  continuous m ixer, a rc  feed scrcws, m ixing  
rotors and variab le discharge orifice. M ethod o f feeding  
is very import,ant as the ra te  o f feeding determ ines tlie  
resideuce o f the product in the m ixer and the ra le  o f 
out-put. The ro to r speed is variab le  and it d e lrrm in es  
the am ount o f mixing and plasticising that w ill tak e p la te  
within a given residence tim e, and the orifice size, the 
am ount o f internal pressure developed. R ecently , various  
designs o f ro tors have been patented and these m achines  
arc  increasingly getting popular.

(3 ) M IL L  M IX IN G  O F SY N A P R E N E  R U B B E R S : 

R esinous plaslicisers can be incorporated a fte r band-
20



iiig llio Synaprcne rubbers, accelerators and antioxidaiits 
should be mixed after this stage. H owever, Sulphena- 
inides should bo incorporated last in a cool stock. Filler 
addition can be started at an early  stage. In the begin­
ning, reinforcing lillers should be dispersed properly on 
a  tightest possible nip and then different m ineral fillers 
can bo added. F irst halt o f the reinforcing filler should 
be m ixed w ithout an y oil, o r  plasticiser to  get the best 
dispersion and the physical properties at large. T o  in­
corporate ve ry  high am ount o f o il, a  paste o f o il and fine 
partic le  filler should be prepared and added without 
cutting-the stock much. New surface o f the stock could 
bo brought by m erely changing the nip settings fo r such 

a  soft com pound.

W ith  w ide nip in  the beginning the band o f Syna- 
prene has a  tendency to  leave the ro ll as soon as ihe 
addition o f filler is started. It the filler loading, especially 
m ineral filler loading, is high it is preferable to  cut out 
h alf the rubber stock' from  the mill and m ix h a lf the

> fille r in the rem aining rubber a t a  thin nip. W hen the 
fillers are absorbed, the batch should be cut out, the 
other h a lf o f the rubber loaded on to  the m ill and mixed 
with the remaining h a lf o f the filler at a  thin nip.

Synapreno rubbers absorb fillers very  fast at thinner 
nips and this tw o step m ixing m ill actually  require less 
tim e than when the filler addition is m ade w ith all the 
rubber on the m ill. T here w ill also be less o f bagging 
didiculties. Bagging can also be avoided by the  help o f 
resinous plastieisers like coum arone-indene resin, alipha­
tic hydro-carbon resins o r  m odified w ood rosm  and m o­
dified phenolies. F or heavily  loaded b lack  stocks blown 
asphalt m ay be conveniently used to  achieve the same. 
I f possible, all resinous plastieisers should be finely pow- 
dcred before the  addition to  prevent localised sticking o f 

the rubber stock.



Syiiapreiies in general tend to  g o  on Iho fast and 
cold roll o f the m ill. A lth ou gh  the m ixing is easy, dis­
persion o f fine partic le fillers is penalised. Henec. if 
mixing difliciilty arises on the faster ro ll, this ro ll should 
be kept at a  higher tem perature than the slow  roll.

A ddition  o f sulphur should be at the end on a cool 
mixed stock. H ow ever, fo r  Synaprcno 1958 , sulphur 
should be incorporated at a  v e ry  ea rly  stage o f  mi.xing to 
get the best dispersion, especially, when su lphur level is 
high fo r very hard ebonite products.

I’ rcparation o f m asterbatchcs o f  rubber and re in fo r­
cing tillers and if possible also o th er ingredients, help  
ve ry  much in processing as  w ell as in  u ltim ate physical 
properties. These m astcrbatchcs could be prepared  either 
in an  internal m ixer o r on a  m ill. W hen the m asterbatch  
is matured fo r som e tim e p rio r to  use, du e to  “ w etting” 
action, the dispersion im proves. If the m atured  m asler- 
batch is fu rth er passed through tight nip, the dispersion  
and ultim ately the physical.s im p rove considerably. W hile  
blending two o r three types o f  rubbers, th e  m asterbatch  
o f SB R  and reinforcing filler w ould also  im p rove the 
homogenity o f the blends and h e re  a lso  physicals w ould  
be excellent.

Ss'naprene com pounds have a tendency to  go on lo  
the faster roil.. This tcndcney is pronounced if ihe fr ic ­
tion ratio is high. F or better dispersion, the m ixing  
should be carried out on the slow  ro ll w ith tight nips or 
by m aintaining differential tem perature on both the rolls. 
T he com plete mixing cycle m ay not be easy on a slow  
front ro ll but at least reinforcing fillers should be d is­
persed on a slow, fron t roll.

(4 )  B A N B U R Y  M IX IN G  O F SY N A PR F.N E  
R UBBER.S:

Synaprenc com pounds can be m ixed easily  in Ban-
22



hury. VoUimc loading should be same as used with 
sim ilar natural rubber com pounds as the density o f these 
rubbers a re  alm ost alike. Prem astication o t the rubber 
is unnecessary. A ddition  o f compounding ingredients 
could bo started afte r breaking down the polym er fo r  
about a minute. F iller absorption is quick, f o r  carbon 
black m ixing, especially in Synaprene 1 7 12  dispersion of 
carbon black is quickcr if the .stock '^ntperauire at_ the 
lim e o f addition o f carbon black is above 100  C. So 
is preferab le to  cut o ff cooling w ater during the initial 
stages p rio r to  carbon black addition and start it when 
n ic  stock tem perature crosses 100 C . T o get d ean  
crum b-free discharge, the dump tem perature should be 

above 140°C .

W ith  the carbon black  com pounds, dump tem pera­
tures should be controlled within 1 4 0 'C  to  160  C  o  
prevent cxccssivc carboi.-gel as  well as polym er-degrada-

lion .

T ypical B anbury mixing cycle, along with tempera- 
ture-rise record and pow er dem and is plotted in figures 

and U.

rn case o f Fig. 1. C arbon b l a c k  addition vvas done 
i„ one stage. N atural rubber and Synaprene 1 7 1 .  be 
h a v e  a U ^ 't  alike from  the point o f view of peak lo  d 

K w  total pow er consum ption and ;
fng m ixing but, Synaprene 1500  dem ands slightly higher

power.

In ease o f Fig. H, carbon black was incorporated  
in tw o stages. H ere also. N atural rubber and Synaprene  
1 7 12  behave identically. H ow ever, Synaprene - 
bits a slightly higher pow er consom plion.



BLKN D IN G SY N A P R E N E  W IT H  O TH E R  
P O L Y M E R S

A lm ost all the m ajor rubber products could be 
m anufactured from  Synaprciic R ubbers alone. H owever, 
Mending o f Synaprene R ubbers w ith o ther rubbers is 
necessitated to  utilise m ore efficiently the outstanding  
intrinsic properties o f Synaprene R u b b er by com bining  
them with the characteristic properties o f o th er rubbers. 
In certain special cases the p roperty  o f the o ther rubber 
could be tack o r  green strength. T he synergistic effect 
is easy processiiig and building-up as obtained when 
Natural R ubber is blended w ith Syn ap rene R ubbers. Or 
in other cases it m ay be cost econom ics w here  N itrile  
or polychloroprene m ay be blended w ith Syn ap rene R u b ­
bers to  meet the desired specifications.

Synaprene R ubbers are  com patib le w ith N atural 
Rubbers, Solution Polybutadiene, E thylene P ropylene  
T erpolym crs (E P D M ) and R eclaim  R ubber, a lso  with  
special purpose rubbers like A cry lon itrile-B u lad ien c R u b ­
bers (N B R ), Polychloroprenes (C R ) , C h lorobu ty l and  
chloro-sulphonatcd polyethylene rubbers (H yp alo n ).

F or homogenous and thorough blending o f tw o o r  
m ore polym ers, care  should be taken that they are  m ixed  
together on ly when their viscosities a rc  nearer, I f two  
polym ers with different viscosities arc m ixed together, 
the shear fo rce is dissipated in the so fter p o lym er and  
the high viscosity po lym er is not m echanically w orked  
upon. The follow ing points should be considered when  
Synaprene R ubbers are to  be blended with o th e r p o ly ­
mers,

(a ) N atural R ubber has high viscosity (M I.4  ■—  8 0  to  
1 10 ) com pared to  that o f Synaprene R ubbers ( M l^  
5 2  ±  6), A ddition o f both these rubbers sim ulta­
neously to  the mill o r Banbury w ill prevent any  
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breakdown o f natural rubber. The nerve o f llic 
natural rubber w ould not be killed, leading to high 
die-swcll in extrusion and high shrinkage and rough 
surfaco-linish in calendering. F or proper re.su!ts, 
natural rubber should b e  premasticated before the 
addition o f Synaprene R ubber to  it. T he following  
process should be em ployed fo r mill-mixni^.

(i) Synaprene R ubber should be pas-sed through 
tight nip o f the m ill 2-3 times, without allow ­
ing the band to  form . The rubber should then 

be rem oved from  the mill.

( ii i  N atural R ubber should be separately broken 
dow n to the desired degree. F or extrusion or 
calendering compounds, natural rubber should 
be broken down till the band surface bccomcs 
smooth. F or m oulded goods compounds, such 
high degree o f m astication m ay no l be often 

ncccssao'.

(iii) Synaprene rubber should then be added lo  the

natural rubber band slow ly, and blended thoro­

ughly.

(b ) In luill-m ixing, if carbon-blaek is used in the form  
o f a  po lym er-carbon black masterbatch, jt  is p re fer­
ab le  using a Synaprene-carbon black m aslcrbalth  
and adding it lo  natu ral rubber rather than using a 
natural-rubber-carbon black  m asterbatch and adding  
it to  Synaprene R ubber. N atural rubber-carbon  
black m asterbatch will have a  fa r  higher viscosity 
ihan Synaprene rubber, hence the addition o f such 
a m asterbatch lo  Synaprene rubber w ill lead to im­
proper dispersion, p o o rer processing characteristics 

A  and low er physical properties. On the o ther han . 
Synaprenc-C arbon black m asterbatch w ill have a



viscosity nearer to that o f prc-m astioated natural 
riibbcr.

(c ) In blending o f llie  tw o polym ers in B anbu ry, the 
usual practice is (o add the natural ru bber first, fol- 
iowed by Synaprene rubbers. T he diflieulty in ihis 
procedure is that the natu ral ru bber is not suflicicntly  
plasticised to perm it the blending o f the  tw o  rubbers 
at equal viscosity level, because o f the insufficient 
cham ber loading. It is therefore, p re fe rab le  to  use 
preinasticated natural rtibber when the tw o  polym ers  
are  to be blended.

(d ) W hole tyre  reclaim ed rubber should bo added when 
tlie blending o f  o ther polym ers is over. R eclaim ed  
rubber should be homogenised separately and then 
added.

(e) A cry lon itrile  rubber and o ther syi.ihetic rubbers arc  
also m anufactured in sim ilar visco,sitics n earer to that 
o f Synaprene R ubbers. In such cases both the ru b ­
bers should be separately passed through a tight ni]> 
o f ro lls twice without banding and then blended  
together.

(f) W hen Synaprene 1958 is to  be blended with o ther 
Synaprene rubbers, a  band o f S -I9 5 8  should be first 
form ed on (he m ill to which the other Synaprene  
rubber (p reviously passed tw icc through the tight 
nip o f ro lls) should be added slow ly and thorouglily  
blended.

(g) W hile blending Synaprene 19.58 with N atural rubber. 
N atural rubber should be broken down and rem oved  
from  the m ill. Synaprene 1958 should then be band­
ed on the ro ll to  which natural rubber should be 
slow ly added and thoroughly mixed.
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Extrusion is the forcing oC a  plastic materia! through 
an  orificc (d ie) so as to  obtain the m aterial in continu­
ous lengths o f definite shape. In rubber manufacturing, 
extrusion is used in various operations such as prepara­
tion o f lyre treads, making o f tubes, rubbcrising bead 
w ire and straining. A t  times it is also called forcing and 
tubing.

Synaprcne rubbers are basically ideal fo r extrusion  
becausc their extrusion characteristics are solely a func­
tion o f the com pounding ingredients used unlike natural 
lu b b cr, where it depends to  a  great extent on the care 
w ith which the com pounds are  processed earlier and 
hencc all the characteristics like extrusion rate, die«swell, 
product-hnish va ry  from  batch to batch. T he consistency 
o f extrusion characteristics o f the batches is very  im por­
tant fo r continuous bulk production, when the dinien- 

(.5 sions o f the products arc  to  be controlled within the 
limits. Becausc o f their scorch resistance and the latitude  
o f using rew orked m aterial, Synaprcne com pounds re­
quire fa r  less rigorous controls in  the extrusion depart- 
mcjU tiian natural rubber compounds.

W ith proper loading o f the corrcct type o f tillers, 
it is possible to  achieve as good extrusion rates with 
SB K  com pounds as with natural rubber compounds. It 
is possible to  increase the screw speeds upto 50 to 60  
rpm and get a higher ra le  o f extrusion with Synaprcne 
R ubbers. Hut fo r  N R com pounds, the screw-speeds 
should be 30  to 4 0  r])m on ly as the viscosity decreases 
rap id ly  at higher speeds.

High structure blacks like F E F  and reinforcing  
 ̂ ^  china clays im part excellent extrusion characteristics.

T he norm al rubber extruder is adeciuate fo r cxtru-
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sioii o f Syiiapri;nc stocks how ever a  high speed extruder 
should be preferred  fo r higher productivity . Typical 
extruder should be preferred  fo r  higher productivity. 
Typical extruder specifications fo r  SB R  a re :

Length— diam eter o f scro ll: 4 : 1  o r  5 . 5 : 1

Pilch o f Scroll D iam eter o f Scroll

Depth o f Flight ~  1/6 D iam eter o f Scroll.

The scroll should be in tern a lly , bored to  facilitate  
water-cooling. The jackct should be w ater-coo led  and 
the feed-hoppcr should p re ferab ly  have both steam  and  
w ater connections fo r healing and cooling.

To avoid scorching difliculties and to  get good p ro ­
duction rates, barrel clearance should be low , 0 . 0 1 -0 ,0 2  

mm per ccntlm cter d iam eler o f scroll is adequate.

The scroll m ay be single, double o r  trip le  flighted. 
It can also be with constant pitch, variab le  pitch o r  
variab le depth. W hen pitch o r  depth is varied  com ­
pression ratio  should be about 1 , 5  to  1 .

The width o f the hopper should uncover atleast two  
nights o f the screw and the undercut in the hopper should  
be 2 ,5 -3  cms, from  the centre.

T he land (straight region) o f the dies fo r Syjiaprcne  
com pounds should p referab ly  be greater than that in the  
dies fo r  Jiatural rubber coinpounds.

F or extrusion o f Synaprene com pounds die-tem pera- 
tures a re  required to  be higlier by about IO"C to I 5 °C  
than those fo r natural rubber com pounds o f correspond- 
mg viscosity. D ie tem peratures o f 1 0 0 “C  to 1 10 °C  have  
been found to  give good surface-finish to the extrudate. 
B arrel and scroll should be kept cold, except in the case 
o f stiff compounds, (e,g, high hardne.ss carbon black  
loaded com pounds) a  slightly w arm  barre l gives faster
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exlrusions. In many eases a w arm  feed zone will im ­
prove fced-rate.

In the case o f ve ry  soft compounds, e.g. sponge
compotinds w ith high oil loadings, difficulty m ay arise

I because o f “ biting o ff” o f the feeding strip and sticking
o f the com pound to  the screw. In such cases dusting 
o f the strip w ith whiting would help to overcom e the 
trouble.

In ease o f po lym er blends, proper blending is very  
essential fo r  getting low  die swell and better extrudates, 
hence ve ry  light dusting o r  at tim es just passing soap  
w ater is sufficient to  avoid an y likely sticking o f the 
extrudates during storage o r cure.

E xtrudates o f Synaprcne com pounds have less ten­
dency to  sag and deform  during storage o r cure.

Die-swell o f Synaprcne 1500 with 50  H.AF is 40 % , 
w hile that o f Synaprene I 7 I2  is 55 % . F o r N R  with 50  
H A F , the die-swell depends upon compounded m ooncy 
viscosity, e.g. fo r  60  m ooncy viscosity (M L 4 (o' lOO'C 
the die-swell is 4 0 % ) .

It is im portant to  note that the cfliciency o f an 
extruder will go down if  the screw and liner clearance 
w ill increase due to  continuous operations in the factory. 
U enee the m aterials o f constructions are ve ry  important 
in designing scrcws and liners o f the extruders.

Scrcws are  m ade o f steel a llo y  forging, heat-treated  
to a m achinable hardness and hard chrom e-plated, the 
flight lands should be either surface hardened to  appro­
xim ately R ockw ell ‘C ’ 50-55  o r  covered with a  special 
hard a lloy  consiijting o f 1 2 -17 %  tungsten, SO-JS^r ch ro ­
mium , 2 .2 5  to 2 .2 7 7 r, carbon and balance cobalt. It

■ lias a  Brinncl liardne.ss o f approxim ately 600. Likewise, 
the linens o f the barrel should be corrosion rcsi.stanl in
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ihc form  o f a dolachablc sleeve fo r  relinitig. The aiioy 
used fo r lining m aterial is 3 8 %  N ickel, 3 8 %  cobalt. 8%  
ehrom e, 6%  iiiolebdcnum , 4 %  silicon and 3 %  boron.

N ote; 70 Rockwcil “C " =  800 Brincl Hardness

T A B L E : 4

D A T A  O N  T Y P IC A L  R U B B E R  E X T R U D E R S  

E xtru d er M a x . A v e r. A v e r, d ie  M a x  die

(c m s ) ■ R P M  @ 5 0 R P M  s q .c m . sq .c m .

3.81 3— 5 80 23— 27 2 .9 0  4.84

6-35 5— S SO 91— 114 4 .8 4  9.67

8 .89  20— 30 90 204— 227 9 .6 7  19.35

11.43 30— 45 90 386-~408 17.70 35.48

15.24 5 0 - 7 5  78 749— 772 32.26  64.51

20.32  100— 150 78 1634— 1679 61 .9 4  129

25.40  125— 175 78 3042^3087 103 226

30.48 150— 200 58' 4313— 4404 155 323

C A L E N D E R IN G

Calendering is a  proccss which is used fo r  conlinu- 
ousiy sheeting o r  plying up rubber com pound, and fric- 
tioning o r coating fab ric  w ith ru bber cojiipound by a 
m achine equipped with three o r  m ore heavy, in ternally , 
heated o r  cooled ro lls revolving in opposite directions.

C alendering com pounds o f Synaprene R ubbers is 
m ore o r  less sim ilar to that o f N atural R ubber. H ow ­
ever, a few  typical characteristics o f Synaprene R ubbers  
should not be overlooked. T he calendering ch aracteris­
tics o f Synaprene R ubbers depend m ore on the com - 
ixjunding ingredients as the com ponded viscosity docs
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noL low er down much O}' w orking and reworking on lire 
mill and iilso its ihcrm o-plastic behaviour in processing 
is different from  that o f N atural Rubber.

By proper compounding, controlled calendering 
characteristics cati be easily obtained with Synaprcne 
Rubbers. Proper loading w ith proper type o t fillers is 
the key. In m any cases, the products required are 
coloured and hence above 200  phr loading o f soft-clay 
w ith 5 -7  phr o f C u m ar resin would give compounds with 
excellent calendering characteristics.

Synaprcne com pounds have a tendency to  go  on to 
the coo ler ro ll, fn a  three-roll calender, therefore, the 
m iddle ro ll tem perature should be atleast S^C low er thati 
the top ro ll tem perature. Synaprcne com pounds require  
slightly higher calender-roll tem perature to give a good 
surface finish.

T em perature control need not be ve ry  critical as in 
ease o f N atural R ubber Com pounds. L ow er therm o- 
plasticity o f Synaprene rubbers perm its the compounds 
to  be calendered o ver a  w ider tem perature range than 
corresponding natural rubber compounds.

R ew orked  m aterial can be freely used along with 
the fresh  stock since Synaprene R ubber com pounds do 
not lose m uch in viscosity o r  green strength so readily  
as natu ral rubber compounds.

The nio.st com m on calender is a three ro ll calender, 
whose centre ro ll is fixed and driven. T he top and bot­
tom ro lls m ove up and down, fo r  the adjustm ent o t nips 
and they are  driven b y  gears w ith the help o f the centre 
ro ll. G ears a re  also p rovided  fo r  operating the ro lls at 
uneven speed fo r  “ frictioning” operation.

A p a rt  from  three ro ll calender, 4  ro ll calenders o f 
vertical, 'L.' type, inverted ‘L.’, ‘Z", and inclined ‘Z' type



are also used.

F o r sheeting operation o r  skiin-coating, the dcfcct 
such as “ crow 's fe e l” can be elim inated by icn iperalu re  
control. W h ile  the “ blistering” can be got rid o f b y  the 
use o f “pricker" bars attached to  the calender. The 
sizes o f rolls, speed and pow er data are  given be low : —

TABLE: 5

DATA ON TYPICAL RL'BBER CALENDERS

Size D X L 
(cm s.)

H .P.
Weight
(Tons.)

Mtrs./rain.

20 X 62 10 7 4.50

25 X 75 15 9 5.61

30 X 92 25 M ■ 6.75

35 X 105 30 17.5 7 .95

40 X 120 40 22 9.00

Synaprcne com pounds can a lso  be spread w ith  ihc 
help o f a  spreading m achinc. T he ru bber com pound is 
soaked in  a petroleum  rubber so lvent and the sw ollen
ma.ss is iTomogenised by a solution m ixer, having typical 
blades and the “ dough” is prepared . L o w  M ooney  
Syjiaprcnc rubbers do  o ffer advantages iji p reparing a 
dough faster, thus saving pow er and giving increased  
productivity.

M ET H O D S Ol- V U L C A N IZ A T IO N

V ulcanization is a process in which rubber, through  
a change in  its chemical .structure (e.g. cross-link ing), is 
converted to a  condition in which the elastic properties
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are conferred o r  reestablished o r im proved o r extended 
over a greater range o f temperatures. In some cases, 
the process is carried to  a  point where the substancc 
becomes rigid.

Vulcanization is carricd out by different methods, 
depending upon the type and size o f the products.

T he recent developm ents lead to  classify the process 
o f vulcanization in tw o categories;

( 1 )  Balch Viilcanizution.

(2 )  Continuous Vulcanization.

A gain “ Batch V ulcanization” com prises o f:

(a )  Press M oulding

Com pression type  
T ransfer type  
lu jcetion type  
B low  Moulding.

(b ) O pen steam curing.
(c) D ry  H eat curing.
(d ) H ot W ater vulcanization.

‘Continuous Vulcanization” (C .V .) comprises o f;

(a ) R otocurcs.
(b ) C .V . in steam  tubes,
(c ) L iquid curing m ethod (L .C .M .)
(d ) Fluidiscd Bed M ethod (B allotin i).
(e ) U ltra High frequency m icro-w ave method  

(LiH l')

In o u r country, straight com pression types o f mould.s 
are  generally  used because o f low  cost and case o f fab ri­
cation. T ran sfer m oulding offers various advantages over 
comprc-ssion type, when the articles are complicated in 
shape and the dim ensional tolerances are  critical. A lso, 
the trim m ing labour is minimised. Techniques in design^
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jjig o f transfer m ould can bring a b o ia  "T rim less M ould­
ing” ,

Injeclion m oulding is getting m o re  and m o re popu­
la r  ab road fo r  mass production o f item s lik e  soles and 
heels, w ashers, rings, brak e cy lin der cups, and injection 
bottle-caps, because o f the fast ra te  o f p rodu ction , (Cure  
cycles a re  as low  as m inu tes), consistent q u a lity  with 
the  added advantage that the p rodu cts d o  not require 
trimming. C apital Investm ent is how ever, ve ry  high. 
Blow m oulding is used fo r  the m aiu ifacture o f hollow  
articles like play-balls and  ru bber bulbs.

M oulds: The therm al co-efficient o f  expansion of
rubber is fa r  higher than that o f the m ould  m etal. To 
com pensate fo r  the shrinkage occuring  in the rubber 
article on cooling from  cu re tem perature , m ould cavity  
dim ensions have to  be m ade frac tio n a lly  la rger than the 
required dim ensions o f the ru bber p roduct. T his “ shrin­
kage allow ance”  is o f sim ilar o rd er fo r  eq u ivalen t na tu ral 
rubber and Synaprene com pounds, th ere fo re , the same 
m ould can bo u so i fo r  both.

T he shrinkage allow ance to  be considered is ap p ro ­
x im ately calculated b y  the fo rm u la :

Shrinkage allow ance %  =  T  x A  x K , where,

T  : difference between curing tem perature and room
tem perature in °C .

A  ; difference between coeflicient o f expansion per 
C fo r the m etal and Syn ap rene rubber.

205  X I0-® fo r  steel moulds.
194  X 10-“ fo r alum inium  m oulds.

K  : V olum e percentage o f rubber and acetone
soluble sub.stances present in the com pound.

F o r m oderately loaded com pounds, generally, the
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shrinkage allow ance can be taken at 1 -5 %  as a first 
approxim ation.

W here critical toleraiiccs arc  required, it is advisable 
to determ ine the exact shrinkage allow ance fo r the com­
pound in any m ould prio r to the fabrication o f the new 
mould.

O rd inary mild steel is used fo r making the m ould, 
bccause o f ease o f machining and low cost, and it is 
quite satisfactory fo r Synaprene compounds. T o  lengthen 
the scrvice life o f moulds, the parts which are  subject to  
heavy wear, viz. the dowel pins should be made from  
high carbon steel and should p referab ly  be heat harden­
ed. Bushing o f sim ilar natu re should be used fo r lining 
o f the dowel holes.

Though Sj'naprene rubbers do  not corrodc the 
m ould, su lfur iii the com pound and some chcmical b y­
products o f vulcanization have a sort o f etching action 
on the m ould surface and thus deteriorate the original 
surfacc o f the mould.

Negligence in the maintenance o f m oulds can result 
in high rejection rates and disruption in production  
schedule.

Cleaning frequency varies from  type o f compounds. 
Hence program m ing and cleaning o f moulds is essential.

W here high lustre on the finished product is essen­
tial. hard chrom eplating ( 0 .0 0 8 -0 .0 4 0  m tn) should be 
used. I'or norm al uses, unplated m oulds can be occa­
sionally clcajised by soft grit-blasting, u.sing rice husk or 
alm ond shell pow der as grit. A lum iiiiuni m oulds can 
be cleansed by chrom ic acid treatment.

Press: H and presses o r  hydraulic presses can be
used to r  the purpose o f vulcanization. The platen pres-



surcs required arc  independent o f the type ol̂  ela.stonicr 
used, but arc dependent o n ly  on the natu re o f com pound 
and the m ould used. F or practical purposes, 45  kg/cm- 
platen pressure can be considered as adequate. To  
avoid distortion o f platens, ram  diam eter should be 75%  
o r ab ove o f the average platen dim ensions. Platens 
should be m inim um  5 cm . thick and p ress should have 
an adequately thick bolster and head. F o r precision  
mouldings the head bolster and platens should not de­
flect to  m ore than 0 .0 5  mm per cm. o f  platen dim ension  
under full pressure.

A pproxim ate steam consum ption o f the press can  
be taken 1 kg/Hr p e r 900  sq. cm. o f exposed su rface  o f 
the platen e.g.

I'ress D imensions ^  “  , ,
C onsiim pium  kgs/hr.

60 cm X 60 cm — 2 daylights: 16 to  20
(4 exposed surfaces)

45 cm X 45 cm — 4 daylight: 18 to 22 .50
(8 exposed surfaces)

F o r  trouble-free production, good tem perature con­
trols, good steam distribution in.sidc p latejis by p rop er  
core design and eflicient drainage o f  condensate are  a 
must.

For electrically heated presses controlled by therm o ­
stats, a wattage o f 2  K W  per 1000  sq. cm . o f platen area  
should be provided to  avoid w ide tem perature fluctua­
tions.

M oulding T em peratw c: Synaprene R ubbers are
re.sislant to  reversion at high tem peratures. High tem ­
peratures upto I 7 5 “C can be used lo r  curing o f S yn a­
prene com pounds without the fe a r o f dc\'clopnient o f
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tacky surfaces. The cure cyclcs can ihiis be rcdiiccd fo r  
higher output.

O plinim n C ure Tim e: This w ill depend on tiie
im portant property, desired in the product. The tensile and 
tear strength and Hex resistance are  optimum at “ 90%  
cure” fo r most o f the Synaprcne compounds. However, 
A brasion  resistance, resilience and compression set arc 
optim um  at “ 9 5 %  cure.” Hence a  cure has to  be select­
ed from  the end property required, otherwise a com pro­
mise has to  be arrived at. M odulus remains marching 
but a step next to  sudden rise in 3 0 0 %  M odulus could 
be very  conveniently taken as an optim um  cure time.

O ptim um  cure tim e can also be obtained by means 
o f instrum ents like Oscillating Disk Rheom eters, Viscuro- 
m eter, Cepar, V ulkam etcr, W allace Shaw bury Curom cter 
and o ther instruments.

Tem pem tiin'— C oejjic ient o f Vulcanization : The
value o f tem perature coeflicient depends on the energy of 
activation fo r the vulcanization system used rather than 
on tlic com pounding ingredients. Synaprene rubber and 
natural rubber com pounds having sim ilar curing systems 
have sim ilar energies o f activation and thus have sim ilar 
tcniperaturc-coeflicients o f vulcanization. The temperaturc- 
cocHieicnt varies slightly with tem perature, but fo r all prac­
tical purposes, it is 2  per 1 0 °C  in the norm al tem perature 
ranges used fo r moulding. W ith a tem perature coeflicient 
o f  2  per 10 °C  the cure tim e w ill be halved fo r every  
lO 'C  rise in tem perature o r  will be doubled fo r every  
1 0 °C  low ering in tem perature.

A llow an ce in cure tim e fo r  thickness o f the ruhhcr 
article  : Optim um  cure time fo r a  com pound is generally 
obtained from  the physical test data obtained on thin 
laboratory specimen. R ubber products are not as thin 
as the specimen. R ubber is a non-conductor o f heat, hcnce
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in thick rubber articles, certain  lim e elapses before the 
rubber mass attains the curing tem perature . A  practical 
ru le o f thum b is  to  increase cu re  tim e b y  five  minutes 
(@  I3 8 ° C ) fo r every  1” thickness o f  the a rtic le  beyond  
first 4 ” .

Backrinding: R ubber being a  nonconductor o f heat, 
it takes tim e fo r  the heat to  soak through in to  the  central 
region. I f  the com pound cures on the ou tside b e fo re  the 
central region gets heated and expands therm ally , high 

-pressures a re  developed in the ccntral region. T his p re ­
ssure m ay overcom e the m oulding pressure and get released  
by tearing o f  the vulcanized outer skin and throw ing  out 
the excess spew at the parting line. I f  this docs n o t occur 
during cure, at the tim e o f opening the press, the  pressure  
gets released at the parting lin e  and the a r tic le  has torn  
edges at the parting line. T h is  defect is k n o w n  as  b ack ­
rinding. Preheating the stock by dielectric  heating o r  o th e r­
wise will overcom e this defect. M ould  design is a lso  im ­
portant. Use o f semi- positive m oulds instead o f straight 
com pression type m oulds w ill o vercom e the d ifficu lty to  
som e extent. U se o f delayed action accele rators and better 
conducting fillers lik e  zinc o xid e and lo w er tem peratures  
of cure are  advantageous. Syn ap rcne rubbers a re  better 
conductors o f heat and the severity  o f backrinding is gene­
ra lly  less.

M ould  Lubricants : Synaprenc rubber com pounds do  
not have an y greater tendency to  slick  to  the m oulds than  
corresponding natural rubber com pounds and sam e type  
o f mould release agents, m ore sparingly used w ill be found  
adequate. Silicone em ulsions, po lyethylene g lycols and  
soap solutions arc com m only used.

Finishing : Synaprcne rubber goods can be detlashed  
and finished in the norm al w ay by hand trim m ing with  
the help o f scissors and knives o r b y  punching. T he recent
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methods developed to reduce the labour cost o f trimming 
are  the deflashing methods with Ihe help o f solid carbon 
dioxide. T he rubber articles are chilled almost to their 
b rittle  tem peratures. The chilled articles arc tumbled to ­
gether o r  sprayed with a  m ild abrasive (wheel abrader). 
T he thin flash break.? aw ay cleanly without any in jury to  
the article proper.

H alogenuiioii: W hen a com pletely tack-free sur­
face with a  silky finish (v e ry  low coefficient o f friction) 
is desired, treatm ent o f the goods fo r  one m inute in the 
fo llow ing solution has been found satisfactory.

Sodium  hypochlorite solution (5 .2 5 % )  3 vols.
Cone. H ydrochloric acid (3 7 %  ) 0 .5  vols.

W ater 100  vols.

H alogenation also increases the strength o f the bond if 
the vulcanized artic le  is to  be bonded afterw ards with 

metal.

CO M PO U N D IN G  O F  SYN APRU N H  RUBBHR.S

C om pounding is still an art, how ever it is becoming 
m ore scientific. A dvanced  countries are using com puters as 
the tool fo r  com pounding. In the good old days, the 
technology w as not advanced, but today, the course o f 
vulcanization is known sufficiently w'cll and there arc 
various methods and tools b y  which the com pounder 
can design a  com pound with great accuracy without 
struggling on trials and errors.

G um  rubber vulcanizates o f natural rubber have very  
high tejisilc. elongation, resilience but low  modulus, hard­
ness and tear strength, abrasion and flex resistance. A t  
the sam e lim e gum rubber vulcanizates o f Synaprene 
R ubbers exhibit low physical properties. I3ul when NR 
and Synaprene 1500 are,com p oun ded at optim um  level
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o f rein forcing fillers, llicy  a rc  alm ost a lik e  in m oit of 
ihe physical properties.

T lie designing o f the com pound can be broadly  
classified as fo llo w s :—

( 1 )  Selection o f R u b b er o r  Blends.

R einforcing an d/or diluent fillers
(2 )  F iller System

Plasticizers an d  Softeners.

A ctiva to rs

(3 )  Curing System  A cce lera to rs

M ain C uring A gent

(4 ) Protective System , A n ti-A g ein g  A u x ilia ries

W h ile  designing the com pounds with Syn ap rene  
Rubbers, one should know  the individual characteristic  
o f each grade o f Synaprene R ubb er and the effect o f 
various o ther com pounding ingredients on them. The  
basic properties o f N R  and SB R  are  tabulated below  : —

TABLE: 6

COMPARISON OF BASIC PROPERTiES OF NR & SBR

N aturc/ p ro p er ly NR SBR

Composition Hydrocarbon Hydrocarbon

M icro -S tru ctu re; j

Cis contcnt % ' 97.8 1  12.3
Trans conlem % 1 7 1 .8
Vinyl conieni Co
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F O m U LB  -EmPJWCPL 

-CHĝ

N Ji:

CHa

\ / “  "\

7
CH

I
1 t 1 

•C H -}-C M ^--- CH -

EITect of 
stretching

GJass Transition 
Temp. °C  
Specific Gravity

Spccilic llcat 
(niw) cal/gm. 
®C

Thermal con­
ductivity 
cal./scc. cm. °C  
CoelTicicnt of 
cubic expansion.

Heal o f com­
bustion Cal/g.

Crystallizes. 
This property 
contributes to 
high gum 
strength.

— 72 to — 75

0 95

0,449

{3.1 X 10-4)

670 X 10-6/"C 

10,700

Does not 
crystallize.
Thus low gum 
strength.

— 59 to — 64

0.9326 (24% 
Bound styrene) 
0.453

( 3 .9  X 10-4)

660 s  lO-s/^C 

13.498



Refracihe
Index- 1 .52 1 .5148  to 1.5611
Cohcsive energy 
(by solution 
method)
Density Cal/cm-' 6S.06 68.72

Mooney Varies frojii 35 to 100 tailored
Viscosity 65 to 120 to requirements.
Conductivity
Ohms/cm. 2-57 X 10-17 3-99 X 10-15

Diclectric
strength, volts/mi! 600 to 800 500 to 700

Dielectric 
constant. 500 
cyc!es/scc. 2.68 2.S3

Power factor, 500 
cyc!es/sec. 0.0062 0.0029

Resistance to  ̂
animal & ! 
Vegetable Oils. ; Poor Good to Poor

Petroleum & | 
Lubricating oils Poor Poor
Aliphatic & i 
Aromatic 1  
solvents. ■ Poor Poor
Acid resi.stancc Good Good
Corrosion ; Non-corrosive Non-corrosive
Moisture j 
resistance Fair Good
Ageing Fair to Good F air to Good

It can be observed from  ab ove that S B R  v e ry  much 
resem bles N R  in m ost properties. T he m olecu lar irregu ­
la rity  and large pendant groups in SB R  prevent aligning o f  
m olecules to  give crysta ls on stretch thus it d iffers with  
N R . T he lack o f crystallization capacity gives lo w er  
green strength and also low er gum  tensiles. T o  overcom e  
this type o f behaviour o f SB R . incorporation o f fine rein-
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forcing lillers is ncccssary. G ood tear resistance is also 
an outcom e o t m olccular rearrangem ent and crystallinity 
on stretch. T o  overcom e this lack in SB R  again calls 
for the necessity o f fine active fillers which help in im prov­
ing tear strength.

C u rren tly  eight grades o f Synaprene rubbers are 
availab le to  the Indian R ubber Industry and their indi­
vidual characteristics are sum marised below from  the angle 
o f com pounding and proce.ssing :

SY N A P R E N E  1500  : Synaprene 1500  has a Emulsi­
fier system  based on R osin A cid  which results in
(a ) sliglitly slow er cures com pared to Synaprene 1502 &
(b) better tack. S -1500  gives highest physicals amongst 
the Synaprene fam ily, thus it is recom mended fo r premium  
quality  products. It is a  stabilized w ith PBN A  (stain­
ing A . O . )  and im parts best storage stability and heat 
ageing in  finished products.

SY N A P R E N E  15 0 2 : Instead o f R osin A cid , in Syna- 
' prenc 1502 the em ulsifier system consists o f R osin acid/ 

F atty  acid com bination. Thus it ha.s better cure rate but 
lesser tack  com pared to S -1500 . Stabilized with non-stain­
ing A .O .  and hence can be used fo r compounding of 
brigh tly  coloured and white rubber products.

SY N A P R E N E  1513 -X  : It is a low  m ooney viscosity 
rubber w ith high bound styrene. It has very  good low  
green shinkage properties together with higli green 
strength. D ue to  its low  juooney viscosity, it allow s easy 
blending o f various o ther rubbers and the m ixing time 
as w ell as the pow er consum ption are  low.

SY N A P R E N E  15 14  ; It is high m ooney viscosity rubber, 
having high bound styrene content. It b an d s  instantane- 

t  ously on the m ixing mill and due to its higher green 
strength it can be extended with higher am ounts o f fillers
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and plasticizcrs to m ake it m ore econom ical. It has exce­
llent dam ping ch araclcristia ; and this p ro p e rly  can he 
exploited fo r vibration and shock isolation in the engineer­
ing rubber products.

SY N A P R E N E  1 7 12  : This grade is an oil-e.\tcnded 
staining type o f rubber, having 3 7 .5  ph r o f highly arom a­
tic oil. T he oil m akes this grade not on ly econom ical and 
easy processing but gives reasonab ly high physical p rop er­
ties.

SY N A P R E N E  1 7 1 4 :  This grade is also  an oil- 
extended staining (ypc o f  rubber, havijig 5 0  phr o f a 
highly arom atic oil. It is m ore econonncal than S -1 7 1 2  
but the physical properties a rc  slightly lower.

SY N A P R E N E  1958  : Synaprcno 1958  is a .sclf-rein- 
forcing rubber. It is possible to  achicvc higher hardness 
and excellent abrasion resistance at a low  density with  
this grade. L eath er like products and high im pact 
coloured ebonites can be developed from  S -1958 .

SY N A P R E N E  E B R -O E -X : T his is an  easy p ro ­
cessing staining type o f co ld  polym erized h om opolym er 
o f butadiene, extended by 3 7 .5  pa rts  o f highly arom atic  
oil, Synaprcne E B R -O E  gives vulcanizates having high 
abrasion resistance and flex. R esilience o f E B R -O E  is 
better than S -17 12 . It is used in blends with natu ral 
rubber.

A t  times, fo r specific properties like building lack  o r  
high resilience. N atural rubber has to be blended w ith  
Synaprene rubbers. A t  the sam e tim e, fo r  reduction in 
cost, reclaim ed rubber can also be blended with S yn a­
prene rubbers. Synaprene rubbers can also be easily  
blended with special purpose synthetic rubbers, to  reduce  
not o n ly  the cost but to  im prove processing characteristics, 
yet m aintaining adequate physical properties.
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F IL L E R  SY ST L M  : Synapix-nc rubbers need rein­
forcing fillers to develop good physical properties. R ein­
forcing carbon blaclcs like furnacc blacks arc  perfcrrcd  
in compounding o f synaprcne rubbers and various grades 
are freely availab le in our country. H owever, the rcin- 

. forcing non-black fillers o f consistent quality are yet to 
m ake the scene in the m arket. Next to furnace blacks, 
hydrated silica, precipitated calcium and aluminium sili­
cates. natural hard clays arc good reinforcing fillers. 
Although precipitated and activated calcium  carbonates  
arc  m oderate in reinforcem ent, the processing characteris­
tics im parted arc ve ry  good.

Synaprcne 1500  with as little as 30  phr o f H A F  black  
develops the tensile strength o f 233 kg/cms and 6CX)9r 
elongation at break. There is alw ays an optim um  level 
o f reinforcem ent by a  fine particle filler and then a  gra­
dual drop  in physicals occur; e.g. H A F  shows optimum  
fo r  Tensile and T ear Strength at 50  phr, but o ther proper­
ties m ay show a different optim um  peak.

Between black and non-black fillers, one would  
alw ays choo.se black if perm issible as it shows the highest 
reinforcem ent. 1.SAI-, H A F . F E F  activate cure but do  
not causc as m uch scorch hazards in .Synaprcne Rubbers  
as they do in NR. W ith  highly reactivc furnacc blacks 
and fast curing system , nitroso diphenyl am ine (N D P A ) 
type o f retarder is elVcclivc fo r  Synaprene rubbers.

W hile carbon o r hydrated silica is next to fine furnace 
black, but it does not im part very  high m odulus at a 
low er loading in Synaprcne. H ydrated Silica, precipitated  
silicak s  and natu ral hard clays retard the Cure at a high 
loading and to  balance the cure time, activators like 
Polyethylene G lyco ls and T ricthanolam ine should be used.

«  U sually, fo r every  2 0  to  30  phr o f the retarding filler,
1 phr o f dietliylcne glycol is ailequate.



H ow ever, (he upper lim it fo r  G lyco ls  should be 4 
phr. But triethajio lam iue should be used v e ry  judiciously, 
as it is ve ry  scorchy even when used a l  1 p h r level.

R E SIN O U S P L A S T IC IS E R S : Presence o f process
aids lik e  C oum arone liideiie Resins, aliphatic resins, 
modified rosins, m odified phenolics, a rc  ab so lu te ly  essen­
tia l to  im prove dispersion o f m ineral fillers. T hereby  
considerable im provem ent in physical properties can be 
achieved. A t  the sam e tim e, building tack  and other 
processing characteristics arc  also  im proved . Softeners 
like petroleum  oils a re  ve ry  useful in Syn ap rcne com ­
pounding not on ly from  the v iew  point o f cost bu t fo r  
im proved processing. Synaprcne rubbers can take-up very  
high dosage o f arom atic and naphthenic o ils un like n a­
tural rubber. High am ounts o f m ineral fille rs  d ry  up  
Synaprene ve ry  fast, hence suitable processing o ils should  
be incorporated in large am ounts w hile com pounding |
Synaprcne rubbers.

O IL  P L A ST IC ISE R S : Petroleum  oils a rc  the most 
com m on softners. T hey range fro m  highly arom atic  to 
arom atic, naphthenic and paralBnic oils. A ll these arc  
availab le  in various grades o f viscosities and  staining 
power.

W hen softners a re  used iji small dosages, m erely  to 
im provq processing the arom atic oils a re  suitable. B ut fo r  
ve ry  high dosage o f softners along with high am ounts o f 
carbon black o r  m ineral fillers naphthenic o ils a rc  p re­
ferred  from  the view -point o f com patib ility and age resis­
tance. Paraflin ic o ils and petroleum  je lly  should be used 
o n ly  when internal lubrication and high gloss a re  required . 
A ro m atic  oils g ive staining and di.scoloring typ e o f vu lca- 
nizates bu t naphthenic and parafBnic oils g ive non-stain­
ing and non-discoloring vulcanizates.

O il characteristics depend upon its p lace o f origin  
and the nature o f refining. M ost oils sold under trade  
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names are a m ixlurc o f iwo or m ore oils. Such mixing 
are  necessilatcd to  ensure a consistant product. Low  raoic- 
cu lar weight oils should be avoided in such blends, which 
m ay lead to  vaporization at processing temperatures.

Though factors like specific g ravity, volatility, re frac­
tive index, pour point. Hash point, A nilene point may 
indicate the type o£ oil being either arom atic, naphthenic
o r paraflin ic the preferred classification o f oil types may
be based on ‘V iscosity g ravity constant’ (V G C ), which 
is also rccogniscd by A S T M , and is given by the form ula.

G — 0 .2 4 —0 .0 2 2  log io  (V n  —  3 5 .5  )
V G C  -------------------------------- ------------------------—

0 .7 5 5

W here ; G  =  Specific g ravity a t 60'=F
Vo =  Saybolt viscosity at 2 1 0 ° F

C L A SS IF IC A T IO N  O F O IL  T Y P E S B Y  " V G C ”

O il Description Range

Paraflinic 0 .7 9 1 — 0 .8 2 0

R elative ly  naphthenic 0 .8 2 1 — 0 .8 5 0

N aphthenic 0 .8 5 1 — 0 .9 0 0

R ela tive ly  arom atic 0 . 9 0 1 - 0 . 9 5 0

A rom atic 0 .9 5 1 — 1 .0 0 0

H igliiy arom atic O ver 1 .0 0 1

T he classifications are  approxim ate and refers to  tlic 

predom inant com ponent in the oil.

A  typical analysis o f range o f rubber processing oils 

is given in the  appendix.



T A B L E : 7

G E N E R A L  PR O PE R T IE S O F R U B B E R  PR O C E SSIN G  O ILS

Arornuric Napfuhcnic Paraffiirlc
! 0/7 oil oil

C u rin g  ra te  

R ebound 

T en sile  
s trength  

M od.

H ardness 

H eat build -up  

L o w  (emp. 
p ro p e rty

• C o m p .l.b i) ,ty  ,v .,h  R ubbers lilc . N . lu n , !  R u b b er. S l iR  
I’ o lych io ro p ren c . B utyl, N itr ile .

i F o r  g en e ra l pu rpose  ru b b ers l ik e  SDR & NR,

N .B .: D etoils o f eflects o t v ar io u s f ille rs  an d  p la s lic ise rs  on 
v an o u s  g r „ „ e . o f  S ynuprene ru b b ers a rc  » iv c„  on p a . «  7 M 6

A C T IV A T O R S : Zinc oxide and stcarie acid  arc
norm al activators. In com parison with natu ral rubber, the
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proportioas o f zinc oxide and stearic acid m ay be talten 
low er 3 to  3 .5  phr o f zinc oxide is sufficient in normal 
compounding. 1 to  1 .5  phr o f stearic acid is sufficient tor 
Synaprene 1500. But fo r other grades even one phr of 
stcaric acid also gives adequate activating effect. W hen  
Synaprenes arc  com pounded with on ly hydrated silica 
(m ore than 3 0  ph r) there is no need o f zinc oxide.

a c c e l e r a t o r s  : A ll the accelerators used in N R  
are  useful fo r Synaprene rubbers and m ode o£ action is 
sim ilar. Synaprene R ubbers need higher dosage compared  
to  N R  —  fo r the same rate o f vulcanization, e.g. m tread- 
type com pounds, the levels o f Sulphenam ides like CBS  
o r T B B S fo r N R  and Synaprene should be :

C B S or TBBS

jsjR  .........   0 .5  to  0 .6
S— 1500  ................  1 . 0  to  1 .2

F or soft vulcanizales. Thiazoles and Sulphenam ides 
i  a re  used as prim ary accelerators, w hile Guanidines, Thiu- 

ram s and D ithiocarbam atcs arc  used as secondary accele­
rators o r boosters. F or low  modulus, Guanidm es should 
be preferred , as T hiuram s and D ithiocarbam ates always 
give higher m odulus stocks when used as boosters and the 
cures are  “ Peaky". O nly Guanidines have synergistic 
effect on T hiazoles and Sulphenam ides while o ther boos­

ters have on ly additive effect.

SB R  ebonites a rc  accelerated by A ldehydc-am m es or 

Guaaidines.

So ft vulcanizates : 1 to 1 .5  p lir thiazoles with o r  w ith­
out 0 .2 5  to 0 . 5  phr Guanidine or 

T hiuram .

» Ebonites : 1 to 2  phr Guanidine o r A ldehyde
A m ine o r  D PR-5.
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Guanidines aloj’.c  produce brown spots but wlien used 
as a  booster, it shows little  effect. T he tab le  summarises 
the action o f different accelerators in Syn ap ren c 1500.

T A B L E : S 

A cce le ra to rs  in  S B R  1500

'  SB R i5on 100 St. A c id 2

H A F 50 A c c e le ra to r 1.1

P roccss Oil 10 S u lp h u r 1 .8

ZnO 4

M S

@
B8®C

C u re
M in s .

@ 153“C

T S
kg./cm^ E .B .

M o d .
300%

kg/ctn2

Sh o re
‘ A '

T M T D 3 .5 15 211 310 210 64

7\MTM 9 .5 15 200 335 180 63

F 10 30 211 485 113 56

MBT.S 13 45 209 660 70 53

M B T n 60 200 610 70 51

C B S 2 0 .0 45 253 505 127 57

T B B S 2 0 .5 45 257 485 137 57

M B S 25 45 350 495 124 56

D C B S 2 0 .9 60 253 530 124 56

D PG 40 90 208 590 81 56

A s  observed above, Su lphcnam ides a re  the' best fo r 
balanced ra te  o f cure, safety  and physicals. T hiuram s  
a lon e w ith norm al sulphur are  too  scorchy. D ithiocarba- 
m ates a rc  not shown, but they w ill a lso  behave in the ' '  
sam e way. Though D PO  gives vcr,; good processing
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safety, il gives very low physicals and very  long cures 
are  okentia l. T hiuram s produce liigh modulus w ilh  low  

elongations,

O ilier cUccts o f Accelerators-.
( 1 )  Thiazoles and sulphcnamidc impart bitter taste

to the vulcanizatc.
(2 )  Guanidines produce slightly brow n stam.
(3 ) Longer storage o f certain sulphenamides is not 

reconvmcndcd.
(4) Aldchydc-Amincs are staining and discoloring

type- . »
(5 ) Thiuram s and Dithiocarbamatcs give ‘ peaky

cure. , ^
( 6 ) O nly T M T D  based SB R  vulcan.sates tend to

show bloom  and also im part odour. Sm all addi­
tions o f sulphur and 5 0 %  replacem ent o f T M F D  
b y T E TD  takes care o f this problem.

(7 ) D ithiocarbam atc accelrators are  non-toxic.

C U R IN G  A G E N T S ;

(a ) Su lphur C ure :
Su lphur is a  versatile  curing agent fo r Synaprene 
R ubbers. But in com parison with N R , the dosages 

required are  lo w er ;
Synaprenes ^ "

.Soft Vulcanisiites 1 . 5  to  2 . 0  phr 2^0 —  2 .5  phr 
Ebonites 35 to 4 0  phr 40  -  50 phr

(b ) N on-F.km cm ai am i L ow  Siitphur C ure ;
Su lphur bearing accelerators like T M T D . T hT D  and 
I'MTM and sulphur donor ingredient like 4-4  , dithio- 
bism orpholine (Sulfasan R ) can vulcanise Synaprene 
R ubbers with low  sulphur o r without sulphur.
R ate  and state o f cure can be controlled by varying  
Sulphur, l-M TD and Su lphur donor levels. Such 
systems o ffer vulcanisates with excellent heat lesist-
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aiice and  fatigue life  w ith low  com pression set. 
T M T D  cu re system  w itli o r  w ithout su lphur tends to 
show bloom ing o f cu ratives o r  reaction p rodu cts of 
curatives a fte r som e tim e. In such cases, substitution 
o f a  part o f T M T D  by T E T D  helps to  m inim ise this 
problem . V e ry  higli dosage o f M B T S o r CB S  
(5  p h r) w ith lo w  su lp hur ( 0 .3 3  to  0 . 5  p h r) also  
im part excellent heat-resistance and flex ch arac­
teristics to Synaprene R ubbers.

(c ) Su lphurless C u re  :

Synaprene R ubbers can be a lso  vulcan ised by the 
fo llow ing systems :
( 1 )  D icum yl P eroxide ( 3 .7 5  p h r w ith o r  w ithout 

low  sulphur)
( 2 ) Benzo-quinone dioxim e ( 2  p h r w ith o r  w ithout 

PbaÔ )
(3 )  m -D initrosobenzene (3  p h r w ith  PbO  —  5 ph r)
(4 )  1 , 3 —  D im ercaptobcjizenc (2  p h r)
(5 )  D im ethylol-phenol R esins (w ith  H alogen donors) 

This system  is less p ractica l because it im parts  
v e ry  high m odulus.

( 6 ) Phenylene bism alem ide.
(7 )  R adiation  C u re  (G am m a ra ys).

P R O T E C T IV E  A G E N T S : U nsaturatcd rubbers
even afte r cross-hnking, a re  susceptib le to  attacks o f 
Oxygen, O zone, H eat, Sunlight and M etallic  ions o f Fe, 
M n, and C u  which cata lyse the attack  o f O xygen. S yn a­
prene R ubbers a re  m ore susceptible to  F e  poisoning  
rather than C u and M n, A ls o  Syn ap ren e R ubbers  
re lative ly show better heat ageing than N R . H ow ever, 
fo r ozone resistance, it has to  be protected jn ore  .effi­
ciently.

T he fo llow ing T able shows re lative effects o f various  
antioxidants and antiozonants on Syn ap rene R u b b ers:
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G E N E R A L  E FFE C T S OF AN TIO X ID A N TS ON SB Il.

C o p p er

A . O. N a tu r a l H e a t &
' C la s s  A g e in g  A g e in g  M an g a -

1. Phenyl- 
n aph thy l 
am ines.

C C C F F

2 . D iphcny-
lam in e
D erivatives.

C-D C B-E D -F F

3. P ara- 
p h enylene 
d iam ine 
derivatives.

C C C -F E -F B-C

4 . Ketone- 
A m in e 
C ondensates.

C A -C B -F E-F F

5 . A ldehyde- 
A m in e 
C ondensates.

C -E C E-F D -F F

6 . S iib stittiled  
Phenols

D-E D -F E -F A-E F

7 . P heno lic  
Su lp h ides

C -D D E-F B-D D-E

8 . P henol- 
A ld ch yd c  
C ondensates.

C C C-E B-C D-E

A  =  E xce llen t; B =  V e ry  G ood; C  =  G ood; D ^ M o d e ra te ;

E =  F a ir ; F  =  P o o r . ______________ __

fe V ery  limited types o f antioxidants and antiozonants 

a re  availab le at present.



T licy a re :

1 . Phenyl-B-N aphthyl am ine,
2 . Styreiiatcd Phenols.

3 .  IPPD  (N - I s o p r o p y l- N ’-P h e n y l-p -p lien y ien e -  
d ia m in e )

4 .  ETD Q  ( 6-ethoxy, 2 ,2 ,4-trim ethyl, 1 -2 , dihydro- 
quiiioline)

5 .  K etone-A m ine C ondensate Product.
6 . M ix tu re  o f  D P PD  and PBN.

7 .  D M B P P D  N -( l,3 -d ira e th y ib u ty !)-N ’-phenyI-p  
phenylene diamine.

P araffin  W ax and o th er m icro-w axes b loo m  to the surface  
and fo rm  a  (hiji film . T his film  is a  good w eath er p ro ­
tector under static condition. It is  also  used a lon g  with  
antiozonants fo r  m o re effectiveness. T he dosage of 
antiozoiiant should be la rger fo r  S - 1 7 1 2  com pared to 
S-1.S00 o r  S -1502 .

A U X I L I A R I E S : A p a rt  fro m  the ab ove n o r­
m al com pounding iiigredicnts, there a re  va rio u s  o ther 
m aterials which a re  used a t tim es in com pounding, to 
have special properties.

( 1 )  R E I A R D E R S : Syn ap renc rubbers seldom  need a
re tarder fo r  n o rm a! com pounding, how ever, fo r  ve ry  
large-size extrusions and fast curing system s, 0 .2 5  
to  1 phr o f rc tarders lik e  N -nitroso  diphcnylam ine, 
surface treated ph thalic  anhydride, benzoic acid and  
sahcyiie acid a rc  used to  safeguard affainst scorch- 
hazard and fo r  good m ould  Qow.

(2 )  B U )W rN G  A G E N T S : Inorganic blow ing agent
like baking soda (N aH CO s) can be usc-d to r  opcn- 
ccll sponge products. 1 2  to  J 5 p h r can give 
reasonab ly good open-cell structure. Cell-.structure 
can also  be im proved b y  dispersing the blowing
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agent in heavy fa lly  oils lilce-linseed o il o r by con- 
li'olled dosages o f stearic acid. Organic blowing 
agent like D initroso Pentam ethylene tetraminc is 
used fo r non-comnumieating cell-structiire (m icro­
cells). H ere also the decom position temperature of 
a highly alkaline blowing agent should be lowered 
by controlled dosages o f stearic acid.

(3 )  P IG M E N T S: F or w hite and pastel shades o f
colours, anatase grade o f Titanium Dioxide is ihe 
best covering pigment. F or other colours, organic 
pigments, free o f ionic Fe, Cu and M n, should be 
used. A brasives like pumicc powder, and asbestos, 
extenders like Brow n and W hite Factice. rayon flock  
can be used with Synaprcne Rubbers to impart 
special properties.

(4 )  F L A M E  R E T A R D A N T S:

O f the m any service properties that rubber has to  
com ply w ith one o f them  is fire retardancy, whenever 
required. T w o types o f burnings are encountered. One is 
in the flam e and the other outside the flame. A ll elas­
tom ers ignite in  the flame, but the degree and speed o f  
com bustion is dependant on the po lym er type and the 
com pounding ingredients used. T he polym ers which 
extinguish out side the flam e are halogen bearing types, 
while general purpose rubber hydrocarbons continue to 
burn outside the flame.

T he fo llow ing points are useful in compounding 
rubbers to b e  flam e re tard an t:

( 1 )  H alogen bearing elastom ers like Polychloroprenc. 
C hlorosulphonated polyethylene and F luoro  carbons 
are inherently fire retarding.

(2 )  F lam e proofing o f rubbers is alm ost sim ilar lo  that 
o f polyolefins like polyethylene, polypropylene, po ly­



styrene and other synthetic po lym ers w ith a ll carbon 
back-bones.

(3 )  D ua consideration m ust be given to  the reactiv ity  o£ 
fire  retarding com pounding m ateria ls as un like plas- 
tics rubbers a re  m illed, vulcanizcd and hence are 
to  be protected against oxidation.

(4 )  H alogen bearing stab le organ ic com pounds a re  the 
back bone o f a  fire  re tard an t system . Brom ine 
halides though m ore expensive a rc  m ore effective as 
a  lire  retardant than ch lorine halides.

(5 )  A ntim ony com pounds b y  them selves a re  ineffective  
as fire retardants but when used a lon g  w ith  halogen 
com pounds they exhib it a synergistic effect in flame 
propagation control. S im ilar is the case w ith phos­
phorous compounds.

( 6 ) Diene rubbers like po ly-butadiene o r  SB R  m ay be 
m ade fire  retardant by incorporating hexach lorocy- 
clopentadiene.

(7 )  A l (O H ),, seems to  help reduce flam m ability  when  
ch lorine is also  present, besides it is m uch m ore  
inexpensive than Sb iO ,,.
A  10  phr. o f  A l ( 0 H )3 is considered adequate.

( 8) H ydrated silica and p referab ly  pyrogenic silica also  
aid in fire retardancy.

(9 )  Z inc borate  is also  used as a flam e supressant.

A  typical form ulation is given below.

F L A M E -R E SI.ST A N T  SV N A P R E N E  C O M PO U N D  

Synaprenc 1S02 jg g  q

C alc iu m  S ilic a lc  20 0
H ard  c la y  ^

Aluminium Hydroxide 2 0  0
Chlorinated Paraffin 3g g
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Process o il N 5 .0

A n tim ony T rio x ide 1 2 .0

W h ite  factice 15 .0

ZnO 4 .0

Zinc B orate 5 .0

S tearic  ac id 1 .0

TE A 0 .5

A . O. S tyrcn ated  phenol 1 .0

A . 0 .  ETDQ 1 .0

C B S 1 .2

DPG 0 .2

T M T D 0 .2

S u lfu r 1 .8

C u re : 20" a t  152“ C  (2  m m . Ih ick)

SA L IE N T  F E A T U R E S FO R  COM POUN D IN G

T he science o f developing a form ulation depends on 
fo llow ing factors:

( 1 )  The rubber must possess the basic properties that will 
enable it to  serve the intended purpose.

(2 )  T he properties o f compounding ingredients should 
be carefu lly  considered.

(3 )  T he com pound should be capable o f easy processing  
in (ho factory , with a minimum w aste and rejected 
aitic les.

(4 ) T he cost o f m aterials, pow er and labour should be 
minimum.

(5 )  T he technical specifications laid down fo r end pro­
ducts should be carefu lly  considered during  
designing.

This interp lay between different factors often puts 
production form ulas in a  delicate state o f balance. A s
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the new er raw  m ateria ls keep on pouring in, ihc techno­
logist has to  a lte r fo rm u lations from  tim e to  time as 
there is nothing lik e  a  “ M aster F orm u la” . In develop, 
ing specific com ponents from  Syn ap ren c R ubbers, the 
fo llow ing  principles should be observed.

( 1 )  U se 3 to 4  parts zinc oxide.

(2 )  Use 1 .5  to 2 . 5  pa rts  o f  stearic  acid.

(3 )  Use 1 . 5  to  2 . 5  parts o f p o lye thy lene g lyco ls and/or 
triethanol am ine in case o f rubbers re in forced with 
hydrated silica and silicates.

(4 )  U se atlcast 5 to  7 pa rts  o f  process o il fo r  good dis­
persion o f  fillers. H igher qu antity  o f  petro leum  oil 
can be used p rovided  p ro p e r balancc is m aintained  
w ith  fille r proportions.

(5 J  U SE  ATLE .JkST 2 0  T O  3 0  P A R T S  O F  C A R B O N  
B L A C K  O R  S IL IC A . M U C H  H IG H E R  P R O P O R ­
TIO N S C A N  BE A D D E D  D E PE N D IN G  UPON j  
TH E U L T IM A T E  P R O P E R T IE S R E Q U IR E D .

( 6 ) U se a  com bination o f an tioxidant and antiozonant 
ranging from  1 to 3 parts.

(7 )  U se o f I to  1 .5  pa rts  o f Su lphcnam idcs is quite  
common.

( 8 ) R ubber auxiliaries can be used to  im prove o r  m odify  
the properties o f the com pound and the vulcanizate.

(9 )  U se o f high black, high oil is p re ferab le  to dilution  
W ith  m ineral fiUers lo  rcducc com pound cost.

F inally , w hile selecting oil-extended rubber (S -1 7 1 2 )  
fo r  fu rth er com pounding, it must be treated like a straight 
p o lym er (S -15 0 0 ) , A  com parative d a ta - fo r  a typical • 
tread type rccipo is shown below  w here som e ad justm ent

58



in  the curatives is done;

Syn ap ren e 1500 100 —

Synapreno  1712 — 100

^  ISAF Black 45 45

Zinc Oxide 3 3

S leu ric  Acid 1 .5 1 .5

A n tiox idan t PBN 1 1

P ine T ar 7 2

CBS 1 0 .7

DPG 0 .2 0 0 .1 4

Su lp h u r 1 .75 1 .23

U sing these recipes, it is found that o il extended 
rubbers can be fa irly  com pared with straight rubbers from  
tho point o f view  o f perform ance coupled with substantial 

cost reduction,

B A SIC  ST U D Y  ON SY N A P R E N E  R U B B E R S

Study o f basic properties o f Synapreno R ubbers is 

ve ry  vital. It is through such studies that the  m aterials 
used can be successfully applied to develop end products. 
In  the foregoing tables, the clicct o f compounding Syna- 
prenc rubbers and its im pact on physical properties are  
shown. A fte r  each study the conclusions arc  draw n fo r  

easy understanding.

V ario u s blends o f rubbers a rc  studied, and effect o f  

blaclc and non-black f.llers and effect o f extenders 
also reflcctcd in expenm ents conducted, m am ly focusscd 

on Synapreno R ubbers.



T A B L E : 10 

SY N A P R E N E  1500 & N R  B LE N D S 

B asic R ec ip e
P o lym er 1 00 .0 Z in c O xide 4 .0
H A F 2 4 .0 S tea r ic  ac id 1 .0
IS A F 3 0 .0 A.O . K cto n e-am in e ! . 0
A n  Oil 5 .0 A .O . IP P D 1 .0

R e ta rd e r  N D PA 0 .5

(1 ) (2 ) (3 ) (4 ) (5 ) (6 )

R M A -iX 100 90 85 80 70 —

S-1500 — 10 15 20 30 100
TBB S 0 .5 0 ,5 0 .5 0 .6 0 .6 5 !
Su lp h u r 2 .5 2 .5 2 .5 2 .4 2 .3 5 2
M L 4  @ 
IOO°C 58 60 58 56 51 56
M S @ 
I4 3°C . T V - 8’25^‘ 8 '30” 9’ 9 '12” i r s o ”
C u re  @  141°C  fo r 
T .S. 305

35 m in . 
308 307 297 280 265

E.B, 515 550 550 550 525 500
M od. 100% 2 2 .7 25 24 24 24 22
M od. 300% 130 ■ 146 .5 J36 137 129 1 3 4 .0
H ardness 61 64 64 65 65 65
T ea r  S 93 75 73 74 53 41
B ash o re  R , 45 45 45 44 44 40
F lex  2A 33 69 260 132 131 300
F le x  2B 29 31 28 25 1 6 .3 8 .4
A b r. Loss 2 .0 2.62 1.61 1 .5 4 0 .9 4 0 .6 0
Heat G en. 9 2°C  94®C: 89°C 96°C 96°C 120°C
A vg. M ax . 
tem p to to to to to to

d eve lo p ed
d u rin g
JOO K C  run* 9 3 °C  96'^C 96®C 9 8 «C 102°C 122°C

*  Fatigue bend testing machine-model DPG 1 
VEB T huringar Industriwcrk Rauenstein 
Radius of Curvature of Bend: 45 mm.



C O M M E N T S:

( 1 )  U pto 15  parts o f S -1500 . there has been no alteration 
in curatives which is adequate in maintaining m ajor 
properties, as there is no significant change.

' (2 )  Although, the optimum curc-timings are same, 
scorch-hazard is getting minimum with increase in 
Synaprene 1500.

(3 )  T ear strength and resilience drops with increased 
S -1500  level.

(4 )  Crack-grovrth resistance im proves with increase in 
S-1500 .

(5 )  A brasion  resistance im proves w ith increased S -1500  
level.

(6 ) The heat generation data indicatc.<; possibility o f 
using 4 0  parts S -15 0 0  in truck tread depending upon 
tread design and shoulder thickness. The overloading  
increases heat generation and hence fo r  very  large

^  sizes 30  phr level could be an upper limit in such 
applications.

T A U L E : 11 

S Y N A P R E N E  1712 & R M A  BI.EN DS

Polymer 100 MBTS
FEF 50 0 .6/ 1 00  R M A

China Clay 25 1 .2/100  S-1712

Naph. Oil 10 TMTD
Zinc Oxide 3 0 .2/ 1 00  S - i7 l2

SI. A d d o Sulfur
PBN 1 2 .5/ 1 00  R M A  

1 ,75/100 s - n i :

S-1712 100* ao 60 40 20 —

K M A  ™ 20 40 60 80 100



lOO^C 47.5 41 36.5 35.5 39.7 55.5
MS @
I26"C mins. 14 11 .5 1 0 .5 ID 9 9
RC {cure
Index) mins. 2 .86 1 .,91 1 . 65 1.38 1.53 1.93
Cure @ 141 20 mins. for tcsi slabs . ( 2 mm)

VuJcanizaie properties
T.S. 133 144 156 167 166 174
E.B. 540 490 480 450 430 430
Mod. 300% 91 99 1 0 1 107 i03 92
Hardness 64 65 6 8 69 69 65
Tear S. 35 37 36 35 47 54
Comp. set. 29 25 27 26 31 35
Bashore R. 28 31 31 36 38 42
Abrasion R.
Rating
(NR-IOOJ 1 1 2 137 138 124 113 1 0 0

A gein g  168 hrs. @ 70°C

A T .S. % — 17 — 17 — 15 — 16 — 10 — 16
AE-B. % ~~4A —37 — 31 —25 —22 _22
A Hardness + 6  + 5  + 4  -i- 3  + 3  _j_ 5

A gein g  168 hrs. @ 100°C  
A T .S. % - 1 5  _ 3 0  _ 3 7  _ 5 q

AE.B. % - 5 8  - 7 2  - 6 9  - 6 4  - 6 4  - 7 3
A  Hardness + 1 0  9  +  7 + 3  ^ 3  _j_ ^

* compounds o f Iho two
rubbers and hence ML4 values ot the blends arc lower.

N otes an d  O bservalions:

( 1 )  N ote the change in curing system ; it is on a p ro ra ta  * 
basis.



(2 )  T he oii level is kept constant even when S -1712  is 
oil extended rubber.

(3 )  T ile  most im portant point is lliat with blending o f 
as much as 4 0 %  S -1 7 1 2  and R M A , there is no signi-

-  ̂ ficant decroaso in T .S., E.B. Tear.

(4 )  Significant im provem ent in resistance to  abrasion and 
im provem ent o f compression set is noted.

(5 ) R esilience drop is small with increase in S -1712 .

(6) A geing is not practically affcctcd iipto 40  phr S-1712’ 
a t 70°C . But as the proportion o f S -1 7 1 2  increases, 
the severe ageing shows im provem ents.

(7 )  Scorch safety increases w ith S -17 12 , which is a pro­
cessing advantage.

(8 ) Thus it could be concluded that S -1 7 1 2 ; RM.A  
blends are  ve ry  useful in compounding fo r balanced  
properties and prices.

SY N A P R E N E  A N D  R E C L A IM  BLENDS

iilending w ith reclaim  has the apparent draw  for 
com pounding a  product fo r  cheapness. This is not the 
w hole truth. R eclaim s help in proccssitig, ageing, and 
com pounding fo r  ebonites. A lso  compounding Synaprene 
with reclaim  can give low  Sp. gr. compound. The blends 
give faster curing compounds.

TABLE: 13 

SYNAPRENE 1500 & WTR BLENDS

1‘olymcr JOO CBS l.O/iOO S-I500

HAF 25 0.4/200 WTR

ZnO 4 Sulplmr 2.0/100 S-J500

St. Acid 1.5 2.5/200 WTR



1 2 3 4 5 6
S-1500 100 80 66 50 33 _
WTR — 40 66 100 132 200
S.G. 1.07 1.09 1 .11 1 .13 1.15 1 J 8
ML4 @ 
100°C 60 58 57 56 54 45
MS @ 
126°C 24’ 10'9" 12‘30” 12’ I1'36’’ 10'
Cure time 
in min.
@ 141°C 30 30 25 25 20 20
T.S. 226 169 142 110 98 58
E.B. 550 550 435 375 325 225
Mod. 300^0 71 75 82 85 85 __

Hardness 55 57 58 58 60 62
Tear S. 39 37 37 30 24 16
Abr. Loss 1 .14 2 .22 2.64 3.71 4 .7 0 8.65
Flex 2A 127 65 23 18.5 9 < 1
Flex 2B 52 48 42 26 2 < 1

A fter a ir-o v en  a g e in g  @ 70°C  f o r  72 

A  T. S. — 12.3 — 16.4 ~  8.2

hrs.

+ 2.6 +  6.3 +  12.8
AE.B. —18.3 —21.2 — 18 — 19.8 — 12 — 15.8
A  Mod. 

100% +  3.8 4 -  10.3 + 21.8 + 25 +  24.6 +  31.1
A  Mod. 

300% + 28.4 +  30.7 + 32.2 +  34.8 +  18.7
A  Hardness +  3 +  3 +  3 +  4 +  5 +  5

C O M M E N T S:

( 1 )  C om pounded inooncy viscosity d rops as reclaim ed  
ru bber increases. In o ther w ords, the m ould-flow  
characteristics o f the com pounds a rc  in ferior with 
higher reclaim .



(2 )  A s  the rccIaim percentage increases the scorch-hazard 
increases.

(3 )  H owever the rate o f cure o f S -1500  could be in­
creased by controlled increase in W T R .

(4 ) Tensile strength, elongation, m odulus and tear 
strength increase with increase in S-1500.

(5 ) A brasion resistance decreases with the increase in 
W T R  and m ore over, it  falls very  rapidly from  66 
p h r W T R  and onwards.

(6 )  G o o d  flex resistance is also maintained upto 40  phr 
W T R  and onw ards it is quite poor both fo r  develop­
ment o f crack grow th and ciit-growth resistance.

T.^BLE: 13

SYNAPRENE EBR-OE & NR BLENDS 
(Emulsion Polybutadienc-OE)

i

Polymer
HAF

Varied
50

P. Wax 
A.O. IPPD

Zinc Oxide 4 CBS 0.4 to 1 (varied)
Stcaric Acid 2 Sulphur 2.5 to 1.8  (varied)
A.O. PBN 1

E8R-OE Nil 20 40 60 80 100

RMA ] X 100 80 60 40 20 Nil

CBS 0 .4  0.52  0.64 0.76 0.88 1.0

Sulphur 2.5 2. 36 2.22 2.08 1.94 1.8

ML4 @
lOO^C 56 56 58 57 56 57
MS @
126°C mins. U 1? 16 20 23
Green tack
jn gms Above Above Above
(Wallace) tout) 1 0 0 0 1000 1000 900 570
Cure @
I41°C in
mins. 30 30 30 45 45 45
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T.S. 299 285 260 215 189 I81
E.B. 550 560 500 450 400 400
Mod. 3007̂  ̂ 145 145 149 144 134 127
Hardness 63 63 63 63 61 61
Tear S. 88 81 65 44 41 41
Flex 2A 65 73 85 165 203 584
DuPont 
abradcr Wear 
rating
(RMA-lOO) 100 130 139 160 200 220
Biishore R 43 41 37 37 37 37

A fter a ir a g e in g  ai lOO^C f o r  72 hrs.

A  T.S. - -60 —56 —47 ^ 0 __22 — 18

a b .b . -35 —5! —47 —47 —44 —35

AH ardness -}- 2 -F 3 5 +  5 +  7 +  7
Bashore R 41 40 38 38 38 38

C O M M E N T S:

( 1 )  E B R -O E  up lo  6 0  p b r m ain lains the high lack  of 
N R  unlike o ther oil-cx lcnded polym ers,

(2 )  A lth ou gh  T .S. and T ear d rop  w ith increase in E BR - 
OFi crack  growth resistance is fa ir ly  im proved .

( 3 )  A lth ou gh  resilience d rops slightly with increase iii 
E B R -O E , the abrasion  resistance im proves at a  very  
fast rate.

(4 )  W ith  increase in  E B R -O E , ihe  ageing im proves.

I'ABLE: 14 

SYNAPRENE EBR-OE & S-1712 liLENDS 

Polymer 100 St. Acid 2
HAF 50 A.O. PUN J
Ar. Oif 3 A.O, IPPD 1 ^
Zinc Oxide 4 P. Wax 1



CBS

DP(}

Varied

Varied

Sulphur

EI3R-0E 100 70 30 _
S-1712 — 30 70 100
CBS 0.7 0.64 0.56 0.5
DPG 0.2 0.17 0.13 0.1

ML4 47 49 46 48
Cure I44‘=C (mins.) 45 45 45 45
T.S. 152 172 192 210
E.B. 550 575 600 600
Mod. 300% 67 73 75 76
Hardness 55 55 56 57
Tear S 35 36 41 44
Bashore R 33 32 30 29
DuPont abrader wear
Rating S-17I2==100 !85 148 127 100
Flex 2A 307 276 252 231

C O M M E N T :

(I )  Due to  increase in S -1712 . the T.S. and T ear im-

p roves how ever %  E.B. 3 0 0 %  M odulus and H ard­
ness remain unaffected.

(2 ) D ue to increase in E B R -O E  the resilience o f S -17 12  

im proves steadily.

(3 )  A brasion  resistance o f E BR -O E  is superior to S -1712  
and in blends it im proves the abrasion resistance o f 
S -1 7 1 2  gradually.

(4 )  C rack grow th resistance o f E B R -O E  is outstanding 
and gradual increase in E B R -O E  im proves the same 

p roperty  o f S -17 12 .



Com pounds on trip le  b lends a re  com m on fo r  ca r­
cass com pounds o f truck , passenger, scooter and m otor 
cycle tyres and also  g iant tyres. Such b lends a re  also  
used fo r  cycle treads, hoses, m echanical m oulded goods, 
soles and heels, com m ercial ebonites and other rubber 

products.

A fte r  studying the basic characteristics o f blends 
lik e  S -1500/ E B C  3 X / W T R  and S -17 12 / E B C  3X / W T R  
w ith  25  p h r H A F . one can easily  design the spec.fic 
com pounds like cycle treads and hoses by fu rth e r d ilu ­
tion  w ith m ineral fillers and plasticisers, taking ca re  on 

levels o f curatives.

TABLE: 15 

SYNAPRENE 1500-EBC-3X-WTR STUL^'

1 2 3 4 5

S'lSOO 40 60 40 50 40

EBC 3X 40 20 30 20 20

WTR 40 40 60 60 80

HAF 25 25 25 25 25

Zinc Oxide 4 4 4 4 4

Sicaric acid 1.5 1.5 1.5 1.5 1.5
1

PBN 1 1 I 1 1

CBS 0.64 0,76 0.64 0.64 0.64

Sulphur 2.28 2 .18 2.27 2.27 2.26

S.G, l .U 1.13 1 ,15 1 .15 t . l7

ML4 e 39 42 36 37 36

MS @ t26^C 15‘37” t5'30" 14'51" 1T30" 13'30‘

Cure @ M P C (min) 20 20 20 20 20

T.S, 201 188 166 164 141

E.B- 575 575 500 500 475

i;u
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16.9 17 19 20 20.6
68 68 69 69 70
59 60 61 62 63
41 38.5 36.1 36 30

2.92 2.82 4.25 3.65 4.35
130 162 69 69.8 44
98 57 44 44 24

Mod. 100%
Mod. 300%
Hardness 
Tear S 
Abr. loss 
Flex 2A 
Flex 2B

C O M M E N T S:

(1 )  D ue to  increase in reclaim, physical properties like 
T .S.. E .B., T ear S, d rop  gradually but flex and 
abrasion resistance drop a t a  faster rate. A t  4 0  phr 
reclaim  rubber level most o f the physical properties 
are  reasonably high.

TABLE: 16 

SYNAPRENE 1712-EBC 3X-WTR STUDY

1 2 3 4 5

S-17I2 40 60 40 50 40

EBC 3X 40 20 30 20 20

WTR 40 40 60 60 80

HAF 25 25 25 25 25

ZnO 4 4 4 4 4

St. acid 1.5 1.5 1.5 1.5 1.5

PEN 1 1 1 1 1

CBS 0.56 0.64 0.56 0.62 0.56

Sulphur 2.20 2.06 2 .19 2.09 2.18

S.G. 1.13 1 .13 1.15 1.15 1.17

ML4 @ lOO-̂ C 36 36 34 33 33

MS @  m ° c 14’44" 16’30” 14'30” 14’30” 14’

Cure @ 141 °C (mins.)t 30 30 25 25 25

T.S. 181 164 147 150 121

E.It. 575 560
69

525 550 475



Nfod. m 7 c  
Mod. 3007f 
Hardness 
Tear S.
Abr. loss 
Flex 2A  
Flex 2B

20 17.7 20.7 18 20.8
73 64 74 66.5 68.6
59 60 61 62 63
37 35 34.2 3K 6 30

3.84 3. 38 4 .82 4.45 5.1
79 .1 300 150 37.3 56
48 32.25 31.5 29.6 22

C O M M E N T S:

( 1 )  Such trip le  b lends could  be utilised w here low  cost 
com pounds w ith lo w  physical properties a re  consi­
dered  adequate.

TABLE: 17

EFFECT OF INCREASED LOADING OF HAF IN 

SYNAPRENE 1500 

B ase R ec ip e
S-1500 100 St. acid 3
HAF Varied A.O. Kctonc-amine 1
AR. Oil 8 CBS 1 .2
ZnO 3 Sulphur 2

Comp. No. ( 0 (2) O) (4) (5) (6)

HAF 20 30 40 50 60 70

Cijre @ 14I°C . 35’ fo r all compounds.
T.S. 169 233 252 250 239 232
E.B. 600 625 650 550 500 450
Mod. 300% 38 67 118 122 148 162
Hardness 46 50 56 62 67 71
Tear S. 40 45 55 57 61 58
Abr. Losa 2.2 1.7  1.4 0 .6 0.,3 0.34
Flex 2A > 200 >200 > 200 >200 > 200 >200
Flex 2B 42 60 61 60 38 13

70



CO M M EN T S:

( 1 )  U pto 50  phr H A F, lensile slrcnglh goes on increasing 
but it drops on higher loading.

(2 ) U ltim ate elongation increases upto 40  phr H A F  but 
it drops on higher loadings.

(3 )  3 0 0 %  M odulus increases and abrasion resistance 
progressively im proves on increased loading o f H A F  

up lo  70  phr H A F.

TABLE; IS
EFFECT OF NAPHTHENIC OIL TN SYNAPRENE 1500 

Base R ecip e
S-1500 100 SI. acid 2.5

HAF 60 MBT

Naph. Oil Varied MBTS

ZnO 4 PBN

0.75
0.75

I

Sulphur

Compd. No. 1 2 3 4 5

Naph, Oil — 10 20 30 40

ML4 @ 100-C 76 60 51 41 32
15

Cure ^  152«C (mins.) 15 15 15 15

T.S. 234 221 192 171 152

E.B. 300 340 410 550 600

Mod. 3009^ 234 198 148 120 92

Hardness 72 67 62 59 52

Tear S 38 41 37 35 28

C O M M E N T S:

( 1 )  M ooney viscosity drops progressively by increasmg 

Ihe level o f oil.
(->) Tensile strength, modulus, hardness and tear strength 

drop  slow ly due to increase m oil level.
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(3 )  U itim ato clongalion  increases w itii increased loading 
o f  oi].

(4 )  E conom ical com pounds arc  possible w ith oil loading.

TABLE: 19

EFFECT OF NAPHTHENIC OIL IN SYNAPRENE 1712 

B ase R cc ip e  

S-17I2 100
HAF 60
Naph. Oil Varied
Zinc Oxide 3

St. acid 

A.O. IPPD 

MBT 

MBTS 

Sulphur

1.5
1

0.75
0.75
1.8

Corapd. No. 1 2 3 4 5

Naph. Oil Nil 10 15 20 25

Cure @ 152°C mins. 15 15 15 15 15
T.S. 186 180 177 170 162
E.B. 350 450 525 600 640
Mod. 29.6 19.5 16 12 11.8
Mod. 300% 162 112 82 68 61.5
Hardness 67 62 58 52 48
Tear S 53 49 46 43 4}
Comp. Set 20 23 25 25.5 27
Abr. loss 0.53 0.46 0.93 1.08 2.04

C O M M E N T S:

( 1 )  T ensile strength, m odulus, hardness and tear strength  
d ro p  as the oil level increases.

(2 )  U ltim ate elongation increases w ith increased oi! 
loading.

(3 )  C om p, set and abrasion resistance deteriorates v/ith 
increased loading in oil, but up  to  15 p h r the cffccl 
is m arginal on most o f  the properties.

(4 )  E conom ical com pounds a re  possible w ith  o il loading.
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TABLE 20
e f f e c t  o f  h a r d  a n d  s o f t  c l a y  in  SYNAPRENE 1502 

Base R ecip e

S-1502 
China clay 
Napb. oil 
Cumar 
ZnO

Compound No. 1

Soft Clay 
Hard Clay 
(Alkali washed)

80

100 St. acid 1.5
Varied a .o . s . p . 1.0

b MBTS 1.3
7 TMTD 0.5

4 Sulfur 2 .0
•DEG Varied

2 3 4 5 6

130 — 200 —
80 _  130 — 200

37' 45
19’52” 25’30*’
20 ’  20’

59
iri5”

20 ’

59 64
19T9” 13‘56” 

20 '  20*

ML4 39
MS i r n -
Cure at i52-‘C 20’ ___
Tpor every 100 phr China Clay 1 pht of U tG  was used.^

T .S. 73
E.B. 975
Mod. 30U>;t 22
Hardness 51
Tear S. 2*
Comp, set 39
Abr. loss 6-2
Hlex 2A 42
Flex 2li 33

a t . S .  —  7

A E .B , — 14
AHardncss -i- 3

140 62 141 46 101

835 940 800 965 665

28.2 28 38.6 29 50

56 62 64 66 74

28 30 42 30 46

33 41 38 56 50

5.1 5.85 3.76 6.15 4.05

86 13 138 15 143

28 12 63 12 33

f o r  72 hrs.
— 3 Nil — 6 —11 _ 1

— 13 — 18 —10 —15 — 19

4- 5 + 3 7 + 4 + 6

CO M M E N T S:
( 1 )  M ooney viscosity rises by increased loadings o f both 

types o f c lay but at a higher loading beyond 100 pht 
hard c lay  im parts high viscosity.

(2 )  A t  equal loadings the m oonev scorch period of hard  
clay is low er than that o f soft clay, m ay be due to
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EFFECT OF PRECIPITATED CALCIUM  CARBONATE IN 
SYNAPRENE 1502

S-I502 100 St. acid 1-5
Pptd. CaCO. Varied A.O. S.P I.O
Naph. Oil 8 CBS 1.25
Cumar 7 TM TD 0.25
ZnO 4 Sulfur 2.00

Compd. No. 1 2 3

Ppted CaCO^ 80 130 200

ML4 @ 100°C 43 50 75
Cure @ ]51°C 10' I 0 ‘ 1 0 ’

T .S . 55 70 61

E.B. 665 650 590

Mod. 300% 16 21 27

Hardness 49 57 68

Tear S. n - 20 36

Comp. Set % 18.4 21 22

Flex 2B 3.4 3.4 3.1
Abr. loss 8.08 7.40 6.94
Bashore R 39 33 23

C O M M E N T S:

( 1 )  P recipitated C alcium  C arbo nate  Is slightly better than 
soft ciay  bu t it is not equivalent to  hard c lay  from  
the view  point o f physical properties o f the vutcani-
sates.

(2 )  E xtrusion and calendering characteristics o f Ppted. 
C aC O y are  superior to  so ft and hard  c lay  a t equal 
loadings.

(3 )  Com pression set characteristics o f P ptcd C aC O s arc  
superior to  soft and hard clay.
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the a lka li « a s h  given to it.

(3 )  A lm o st sam e optim um  cu re tim ings were achieved 
b y  using p roportiona l glycol ra th e r than aitering main 
curatives.

(4 )  F ro m  the developm ent o f tensile, tear, elongation, 
m odulus and o th e r physical properties, it is observed 
that 100  to  130  p h r o f  hard  d a y  re in fo rced  Svnupre- 
m’s acting a s  optim um .

(5 )  So ft c lay could be utilised fo r  low-m odulus-hardness 
stocks.

TABLE 21
EFFECT OF SOFT C L A Y  LOADING A T  25 HAF 

CONSTANT IN SYNAPRENE 1712 
B ase R ecip e

S-1712 100 Si. acid 2
HAF 25 A.O. PBN I
ZnO 4 CHS I

Compd. No. 1 2 3 4 5
Sofi Clay _ _ 50 100 150 200
Ar. Oil 7 11 15 19
TMTD 0.05 0 .1 0 .15 0 .2
Sulfur 1.8 1.9 2 2.1 2 .2
Curc @ 152
S .G .

^C 35' for all Compounds. 
1.04 1 .22  1 .41 1.53 1.6

T .S . 140 144 125 98 75
E.B . 600 600 600 550 500
Mod. 300"r 47 50 52 51 48
Hardness 48 56 62 61 69
Tear S 40 33 30 28 27

CO M M EN T .S:

( 1 )  A t  low  m odulus and high elongation (a lm ost con­
stant) com pounds having variou s T .S .  a rc  possible 
w ith increased soft c lay  loading.

(2 )  Such com pounds are  u.seful fo r m cchanical moulded  
goods o f varying  hardness and T .S .  T he curc tini-
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ings could be sliortcnded by increasing tlie curative 

levels with carc.

TABLE 22
EFFECT OF HYDRATED SILICA AND CALCIUM  

SILICATE IN SYNAPRENE 1502

S-1502
Hydrated Silica 
(Lab-dcvc!opmcm) 

or
Calcium Silicate 
(Lab. dcvclopmenl)

Cumar

100 ZnO 5

Varied St. acid 1 .0

DEG Varied

MBTS 1.5
Varied TMTD 0.1

15 Sulfur 3

Comp. No. 1 2 3 4 5 6

Silica (Hydrated) 40 60 SO — —
OA

Calcium Silicate — — — 40 60 8U

DEG 2.4 3.8 5 2 .4 3.8 5

Cure @ 141 °C 4 5 ’ 45' 4 5 ’ 45* 45' 45 ’

T .S. 174 202 190 108 122 US

E.B. 615 560 530 630 710 670

Mod. 3007o 41 69 87 33 41 49

Hardness 64 75 80 63 69 73

Tear S. 44 46 48 33 35 36.5

C O M M E N T S:

( 1 )  50-60  phr o f H vJratcd Silica o r Calcium  Silicate is 
the optim um  loading (o r the highest tensile strength.

(2 )  M odulus, hardness and tear strength increase by 
increasing these fillers. H ow ever, the m odulus values 
arc low  in com parison with r/ f Blacks.

(3 ) Hydrated. Silica im parls much higher tensile and tear 
strength in compariso.n with Calcium  Silicate.
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INTRO DUCTION :

The Technical Service L aboratory o f Synthetics and 
Chem icals Ltd. w as conceived alm ost at the time of pre­
paring the project report fo r the Plant to  ™ n u fa « u re  
30  000  tons per annum  o f Synthetic rubber. E ve iy  d to r  
w as m ade to establish the L aboratory as soon as possi­
ble w ith the result that even prior to  the commencement 
o f production, the Laboratory was opened on February

1 1 , 1963.
W e have now completed nine years o f our services 

to the industry and it  is. therefore, befitting that we 
review  our progress and present to  you the broad out­
lines o f sen<ica rendered in the past. W e sincerely hope 
that YOU w ill en joy reading the fo llow ing few  pages high­
lighting the details o f our existing facilities and the types 

o f service rendered.

The laboratory occupies a working area o f 8,000  
ft. and has all the facilities expected o f a laboratory ot 

its kind.
F or the .sake o f convenience, w e have live m ajor 

departm ents operating within the laboratory as listed 

under.

1 . R ubber Processing Departm ent.
2 . Physical Testing D cpartm enl.
3 . Chemical Testing Department.
4 .  Latex Processing Department.
5 .  Technical Intelligence.

I. r u b b e r  p r o c e s s i n g  D E PA RTM E N T;

The rubber processing departm ent is a miniature 
rubber factory  by itself. T he laboratory has acquired



the fo llow ing  equipm ent.

1. A  1 0 0 0  cc. B ajibur) w ilh  ten ipcralu rc rccordcr and 
variab le  speeds fo r  fast accurate m ixing.

2 .  A  tw o  ro ll ( 1 5  x  30  cm s) m ixnig m ill.

3 .  .A three ro ll ( 1 5  x 30  cm s) ca lend er w ith variable  
speed drive.

4 .  A  tw o daylight (6 0  x 60  cm s) 150  ton hydraulic 
steam -heated prc.ss equipped w ith au tom atic tem ­
peratu re  recorder and co n tro lle r system .

5 .  A  (3 0  cm  X 3 0  c m ), 5 0  ton h ydrau lic  press, elec­
trica lly  heated platens with thcrm o-controls.

6 . A  3 . 8  cm s va riab le  speed (2 0  to  80  R P M l extru­
der.

7 . A  76  x  91 cm . jacketed  vu lcan izer with autom atic  
tem perature recorder and co n tro lle r system .

S . S tand ard  A S T M  m oulds fo r m oulding tost pieces fo r
(a )  tensile testing (b ) C om pression Set test (c) 
D em attia flex test (d ) R oss flex test and (e) A b ra ­
sion Test.

9 .  M oulds fo r  m anufacture o f m icroce llu lar shoe soles, 
m oulded shoe soles, ru bber m ats, floo r tiles, rubber 
balls and such o th er mi.sceIlancous ru bber goods.

1 0 .  15  X 4 0  cm tw o  roll shoe-sole em bossing calender.

Dcsm a M odel 20 3  direct m otild ina shoe m achine  
( D .V . )

11

UTILITIES:

1) A  Pentax electrical steam  gen erato r Iiaving 
evaporation  capacity 125  lbs/hr at 100  psi w ork ing  pres­
sure. 2 )  A  5 c.f.m . a ir  compres.sor w ith an a ir  accum u­
la to r unit. P ressure range 1 2 5 -13 0  psi.

A s  will be seen from  the list o f  equipm ent, the



laboratory is fu lly equipped in all rcspccls and can handle 
any problem  regarding proccssnig,

2 .  P H Y S IC A L  TESTIN G D E PAR T M E N T:

The physical testing department is well equipped 

with the following:

1 . Instron multipurpose 
tester fo r stross-slrain, 
hystcrisis, etc. proper­
ties with autom atic re­
cording devices and 
variab le speed drives.

2 .  Dupont A brader.
3 . G etty Hex (D em atlia  

type) with oven to 
carry  out flexing at any  
desired temperature.

4 .  A  Bashore Resilio- 

Bieter.
5 . A  Ross flex tester.

6 . Shore durom eters for 
hardness testing.

7 . ST l M ooney machine 
jincum atically opera­
ted fo r study o f plas­
ticity and .scorch be­
haviour o f compounds.

8 . Sco lls ageing block.

4 . Ageing Ovens.
1 0 . I.atex stability tester.

1 1 .  IR .H .D . &■ M icro
^ hardness lesler.

1 2 . Izocl Impact tester.

13 . High voltage tester to 
test the dielectric stre­
ngth and breakdown  
voltage o f rubber vul- 
canizates upto 30  K V .

14 . Megohm bridge fo r  
testing o f insulation re­
sistance.

15 . Tension set apparatus.

16 . Compression set appa­
ratus both, a l constant 
load and at constant 
deflection.

17 . Hose adhesion tester.

18 . W allace Tackmeter.

19 . Infra-red spectropho- 
lometer.

Oscillaling disc rheo- 

iiiclcr.

IX 'iisiniclcr.

W allace rapid plasti- 

meter.
D unlop iripsomelcr,

2 4 . Ozone lest chamber.

2 5 . Low icnip. Ikxibilily  
lesler.

2 0 .

21 . 

2 2 .

2 5 .



T h e fo llo w in g  tests on tho vulcan ized  rubber can be 
carried  o u t w ith  the  help  o f ab o ve  equipm ents as per 

B . S . S . .  I . S . O . ,  and A S T M  standards.

1) C om pression  deflection  characteristics. 2) Com­
pression  set. 3 )  D em attia flex test (d ynam ic fatigue lesi 
an d  p ly  sep ara tio n ). 4 )  R oss flex  test. 5 )  IR H D , Shore 
( A  & D ) H ardness, 6 ) V o lu m e  change in liquid medium 
7) R ebo und  resilience. 8 ) T ension  testing (m odulus, ulti­
m ate tensile strength and elongation at b rea k ). 9 ) Tear 
resistance (A n g le  & C rescen t typ e) . 10 )  Tension set.
1 1 )  A geing  in a ir at elevated  tem p eratu re  b y  G eer Oven 

o r  a fte r  im m ersion  in liquid m edium  b y  A g in g  Block.
12 ) A b ra s io n  resistance b y  D upont ab rad er. 13 )  A dhe­
sion  betw een ru bber and fabric. 14 )  Insulation rcsistanec.

(a )  V o lu m e  R esistivity.
(b ) S u rfa ce  R esistiv ity.

15 . D ielcctric  strength o f vulcanized rubbers.
1 6 . Specilic g ravity.
1 7 . C ross-link  density.
1 8 . R ig id ity m odulus (lo w  tem perature flexib ility  test).

A d d itio n a l testing facilities on unvulcanized com ­
po und s a re  a lso  provided .

1 . M ooney viscosity.
2 . M o on ey  scorch tim e.
3 .  M o on ey cu re  rate.
4 .  fix tru d a b ility  (G a rv e y  die ex trusion).
5 .  G reen  tack by W allace  tack meter.

3 ,  C H E M IC A L  T E ST IN G  D E P A R T M E N T :

T he scction is well equipped to  c a rry  out all the 
chem ical testings necessary in a  rubber fac to ry , having  
technical personnel, sophisticated apparatus and inslru- 
mcnts.

T he fo llow ing  tests a rc  usually  asked fo r :
Ml



( 1 )  Bulk density. (2 ) Oil absorption. (3 ) Quantita­
tive determination o f rubber poisons and other impurities, 
C4) Q ualitative analysis tor Polym er identification, (5) 
Determination o f acetone extract. ( 6 ) Determination of 
chloroform  extract. (7 ) Determination of alcoholic KOH  
extract, ( 8 ) Deterntination o f carbon black content.
(9 ) Determ ination o f ash content and analysis o f the 
ash. (1 0 )  Determ ination o t R ubber hydrocarbon con­
tent, ( 1 1 )  Determ ination of pH o f w ater extracts etc, 
( 12)  Thin layer Chrom atographic analysis and (13)  
[nfra-red A nalysis o f polym eric materials.

4 ,  L A T E X  PROCESSIN G D E PAR T M E N T :

This departm ent has all the facilities fo r testing 
rubber latices and fo r making the latex foam.

T he tests that could be carried out are:
1 )  T otal solids content. 2 )  D ry  rubber content, 3) 

T otal alkalinity. 4 ) KOH  number. 5 )  Mechanical 
stability. 6) C opper and M anganese content. 7 )  Coagu- 
lum  content.

T he departm ent also has the facilities such as Jar 
mills. H obart M ixers. M oulds, etc.. fo r preparation of 
the latex foam  and o ther dipped goods on laboratory  

scale.

5. T E C H N IC A L  IN TELIGEN CE :
T he rubber industry the w orld  over is so fa r advan­

ced that it is diflicult fo r any individual to  keep pace
 ̂ with the rapid technological advances. W hile individual,'!

might attem pt to do this, o u r Technical Service L abora­
to ry  has all the facilities in this respect, so that the latest 
techniques, either in compounding o r new developments 
taking place elsewhere in the w orld  are availab le from  

,  iis at a short notice. In  o rder to achieve this, we have
' an up-do-date “ Special L ib rary”  containing m ore than
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165  b ook s o n  R ubb er T cd in o lo g y  and o th er related sub­
jects. .A p art fro m  tins th ere  is a  constant communication 
w ith  tlic  rest o£ the w o rld  b y  w a y  o f exchange o f infor­
m ation. W e  also  receive p len ty  o f tradc-literaturo  on 
produ cts re lated  to  tlic  Industiy . T he list o f books avail­
ab le  and the m agazines subscribed regu larly  inay bo had 
on enquiry. Y o u  a re  w elcontc to  use this lib rary.

C U .ST O M E R  S E R V IC E ;

T h e fo llow ing  typos o f  services a rc  ottered  to  the 

indu stry :'—  ‘

1 .  C brapound and P roduct Testing.

2 .  H andling custom ers’ p rob lem s regarding m anufac­
turing process.

3 .  H andling custom ers’ enquiries o n  a n y  subject related  

to  rubber.

4 .  T rain ing  courses fo r  ru b b er technologists from  the 

industry.

5 . R endering  field technical serv ice  a t fa c to ry  premises.

6 . S erv icc  B ulletins show ing fo rm u lae and recipes on a 

va rie ty  o f products.

7 .  A ssistance to  new entrepreneurs.

8 . P articipation  in the  va rio u s  technical activities.

9 .  D evelopm ent o f new  produ cts to  substitu te and/or 
supplem ent im ported products.

1. P R O D U C T -T E ST IN G  FOR TH E C U Sl'O M H R S;

W h ile  the rubber constm iing indu stry is. o f course, 
ve ry  anxious to  ca rry  out their ow n testing, there arc  
occasions w hen m any factories m ay not have a ll facilities  
and n a tu ra lly  o u r facilities a re  a t their disposal.
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Sincc Jasl nine years, some 300 customers have sent 
m ore than 1,200  compounds o r  products fo r testing. 
This is indeed a very  healthy sign reflecting the conscious­
ness o f the industry in regard to  quality.

2 . H AN D LIN G C U ST O M E R ’S PR O B LEM S RL-
C A R D IN G  M A N U F A C T U R 1 i4 g  PR O C ESS:

A s one can imagine, these problems can be o f varied  
nature. G enerally speaking, the problem is to  obtain 
recipe o r suitable form ulations to  meet the requirements 
o f various Indian o r international standards. W c have 
facilities availab le to  check the quality to meet the va ri­
ous specifications such as ISI. Defence, BSS. .ASTM, 
SA E , DIN and Russian standards.

3 . H A N D LIN G  C U ST O M E R ’S EN Q U IRES:

In view  o f the fact that the rubber industry in India 
is o f a  com parative recent origin, there are m any queries 
which are received from  the industry. The problem can 
be regarding the compounding technique the processing 
technique o r  curing methods o r  the testing o f a finished 
product. A ll these c|ueries have been successfully 
answered, w hereby the customers can take advantage of 
the know-how  w ithout any charge and manufacture the 
desired product with utmost economy.

4 .  T R A IN IN G  C O U R SE S FO R  R U B B E R  TECHNO­
L O G IST S:

U nfortunately, our country does not o ffer yet the 
professional diplom a o r degree course in rubber techno­
logy cxcept fo r one o r tw o Institutions. It is not always 
possible fo r a  technician to attend full time university 
courses due to lim ited admissions o r  due to  the fact that 
ve ry  few  universities in India o ffer the course in Rubber 
Technology. It was therefore felt that the technicians



working in ihc mbbcr factories could be well trained by 
the laboratory and with this objeet.ve vanou s trammg 
courses are conducted froiri time to  time, 
encouraging that such courses have been very well re­
ceived. Attempts are made to malce the courses weU 
rounded where by in a short period o f time one could 
acquire some knowledge o f rubber technology which 

would be helpful to the industry.

W hile we cannot claim to be a regular training  

college, but afleast as conditions are today, we fulfil the 
job very satisfactorily and as the process o f imparting 
the knowledge is never complete, we also hope to con­
tinue these courses as long as there is enough response. 
Till now 175 Industry personnel have taken advantage 

of this activity.

5. FIELD TECH N ICAL SE R V IC E ;

M any a time, customer faces a problem peculiar to  
iiis factory set up. For this it is necessary to  render, on 
the spot service. Our technical officers who are strate­
gically located through out the country, are always at 
the disposal o f the customers to help them solve the 
problem on the spot. Technical officers carry out trials 
to satisfy the customer and if necessary send the sample 
fo r evaluation at the laboratory. Laboratory in turn  
evaluates the products and despatches the laboratory test 
report to the customer with necessary instructions and 
comments, Sometimes technical officer finds it necessary 
to direct the inquiry to  laboratory so that the product 
could be developed o r necessary information could be 
collected from  literature so as to assist the customer fu lly. 
If the information is not available with the library, an 
effort is made to obtain necessary inform ation from  the 
foreign .sources. Thus no efforts are spared to provide 
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necessary information lo  the customers at tlio earliest 
’’ possibic.

6 . SE R V IC E  BULLETINS
U

It Is our regular praclicc lo  bring out more and more 
' inform ation on the rubber products' development carried 

out in lha laboratory in the form  o f Scrvicc Bulletins, The 
bulletins ineludc form ulations and test data on the p ro ­
duct, with necessary instructions on processing.

W e also bring out Synaprene News. This includes 
general inform ation pertaining to  the rubber industry in 
India as well as collected inform ation from  the published 
literature such as foreign technical magazines, technical 
books etc. W e have maintained a  regular mailing list of 
rubber technologists and other digiiataries for posting 
these publications. W e  regularly m ail these bulletins 
throughout the country. Even the remotest part o f the 
country have access to  such facilities.

7 . A SSIST A N C E  TO N EW  E N T R EPR EN EU RS:

T o start the projcct, one requires detailed infornia- 
tioji, on that particular product. In foreign eounlries the 
preparation o f project report is carried out by com m er­
cial consultancy services, (n India these services are jiot 
yet availab le to the e.xlent they are in developed coun­
tries. T herefore, it was thought tit, that our laboratory  
help the entrepreneurs desirous o f starting rubber m a­
nufacturing unit, by providiiig data to  him in all aspects 

o f the project i.e. with respect to plant layout, equipment 
requirem ents, production problem s etc. Thus our labo­
ra to ry  takes keen interest in providing the nucleus o f 

inforam tion based on which an entrepreneur can set his 
> factory. In this connection our laboratory has published 

num ber o f project reports on various products.



s. PARTICIPATIO N  IN TECH NICAL
ACT IVITIE S:

In ortlor to keep ourselves abrcasl and render aisibl- 
aiico ill the establishment ol; new spceificatioiis etc.. 
we actively participate in a  variety o f national and 
international standards organizations. W e p lay  our 
IntniWe part in assisting ISI. ISO and Defence organiza­
tions by way o f carrying out inter and ititra laboratory  
testings fo r  various raw  materials and finished products. 
Standardisation is a slow  process, once the standards are  

established fo r various raw  m aterials and once the 

standard raw materials are made available, Technologist 
will be in a  position to get the finished product to meet 
the desired sxiecilication and he could also maintain qua­
lity control. W e also very  actively participate in the 

technical seminars organised by various rubber-bodies by 
presenting technical papers,

9 . D EVELOPM ENT O F N EW  PR OD U CTS ;

There are certain raw  materials which are  not yet 
produced in the country. In keeping with the basic ob­
jective o f im port substitution, our laboratory has tried 

to develop, both, on laboratory and commercial scale raw  

materials based on indigenous sources to  replace the im ­
ported products. It is hoped' that this process w ill finally 
bring the country at a situation w here w e can be com ­
pletely self-sufficient fo r ail the raw  m aterials required by 

rubber industry. A part from  substitution program m e there 
are  certain occasions where the products have to  be 

supplemented, fo r example the nitrile rubber at the 
moment is imported, fo r making the optimum use o f the  

limiied quantity o f Nitrilo rubber, we have thought o f



substituting this product by blending PVC/N itrile and 
Syuaprene rubbers so that the quantum o f Nitrilc rubber 
imported can be m ade to last longer with the help o f 
locally  produced PVC.

The technical service laboratory has developed the 
most rotiuired ten chemical compounding ingredients. The 
Standard R oss-F lex type o f flexing machine, generally 
used b y  the foot-w ear industry, has been developed to suit 
Indian R ubber Industry.

T he technical service laboratory w orks in fu ll co­
ordination with the Plant in a ll respects so that it also  

functions as a  developm ejit laboratory to r tlie Plant. Such 
close co-ordination is extrem ely vita l fo r the manutaetur- 
ing industry as before the products a re  finally available  
fo r  sale, every  aspect is carefu lly  checked at every stage 
so that o u r custom ers can get the very  best that w e can 
offer.



Synaprenc rubbers are widely used in Ihc lyre indus­
try. This includes automobile, truck aiid tractor tyro  
fields. Passenger treads could bo advantageously com ­
pounded fo r improvement in tread-wcar and flex-litc with 
Synaprenc 1500 and/or Synaprene 1712 . Synaprenc  
stocks show excellent heat-ageing and oxygen-ageing resis­
tance, together with excellent ficx-lite and resistance to  
ply-separation for passenger carcass stocks. Black and 
white side-walls tor passenger tyres, based on Synaprene  
Rubber or bletids with Natural R ubber o iler good resis- 
lajice to weathering, age-cracking and radial-cracks due to 
flex-fatigue. Bright while coloured stocks fo r side-walls 
with consistency could be easily developed with Synaprene  
1502. For improvements in ozone-resistance, Synaprene 
Rubbers could be blended with co-curing type o f EPD M .

The ratio o f blending of Synaprene Rubbers to  N atu­
ral Rubber fo r truck treads is largely governed by the 
servicc tor which the tyre is intended and its size. F or a 
small size or where service is not expected to  be very  
rigorous, a tread o f cent perccnt Synaprene could be used. 
For tread-wear, heat build-up and tread-cracking resist­
ance blends should be thorouglily studiei! and by com ­
pounding, process and construction techniques larger 
proportions o f Synaprene Rubbers could be used fo r  
truck treads, side-walls and carcass stocks.

Bead w ire insulation compounds will, Synaprene  
Rubbers offer various advantages in proccssijig and lyrc-  
l>crformancc. U iiifoim  and cool extrusion low er scorch- 
hazard and excellent tmcured adhesion are im parted by 
Synaprene Bead compounds. Excellent after cure charac- 
terrsucs like high adhesion to bead wire, no reversion, no 
danger o f metal-poisoning due to copper and balanced  
age-res,stance are the bonus points to r such compounds.



Compd. No.

S-J500 iO 15 20 30
RMX IX 100 90 85 80 70
ISAF 20 20 20 20 20
IIAF 24 24 24 24 24
Ar. Oil 5 5 5 5 5
Zinc Oxide 5 5 5 5 5
A .O . Kelonc- 1 1 1 1 1
Amine
A.O. IPPD* 1 1 1 I !
P. Wax 1 1 1 I 1
St. Acid 2.5 2.5 2.5 2.5 2.5
TBBS 0.5 0.5 0.5 0 .6 0.65
Sulphur 2.5 2.5 2.5 2.4 2.35
Retarder NDPA 0.3 0.3 0.3 0.3 0.3
S.G. t . !3 1.13 1.13 1.13 1.14
ML4 58 60 58 56 51
MS @ 143°C T3T 8’25” 8’30” 9’ 9'12”
Cure @ 14I°C 35’ 35’ 35‘ 35’ 35'
r.s. 305 308 307 297 280

E. B. % 575 550 550 550 525
Mod. 100% 22.7 25 24 24 24
Mod. 300% 130 i46 136 137 129
Hardness 61 64 64 64 65
Tear S. 93 75 73 73 53
Bashore K. 45 45 45 44 44
Flex 2A 33 69 260 132 131
Flex 2B 29 31 28 25 16.3
Abr. Losss 2.0 1.62 1.61 1,54 0.93
Heat Generation* *
°C  for 100 K.C. 92 94 95 96 96

•Recent trend is lo use water non-lcaching antiozonants like 
Alkyl*aryl p-phcnylenc-diamine.

♦♦Fatigue Dcnd Testing Machine — Model DPG I VEB Thu- 
ringar Industriwerk Rauenstein.
Radius of Curvature of Bend: 45 mni.



DU!5970|A t 2 3 4

S-1712 100 io o " ^ 50 70
S-}500 — 50 —
EBR-OE _ — — 30
ISAF _ 20 _ 20
llA F 50 40 60 40
Ar. Oil 3 10 10 . 10
Zinc O.\ido 4 4 4 4
St. Acid 2.5 2.5 2.5 2.5
PBN 1 1 I 1
A  O. iPPD* 1 1 1 1
P. Wax 1 1 1 I
CBS 0.8 Q.S 0.8 0.60
DPG 0.2 0 .2 0 .2 0.20
Sulphur 1.8 1.8 2.0 1.5
Rctardcr NDPA 0.3 0.3 0.3 0.3
S. G. (Actual) 1.15 1.65 1.16 1 . 15
ML4 50 52 47 4S
MS 19’30” 22’5” 22’25” 25’
Curo @ 152°C 20' 20’ 20’ 30’
T.S.
E.li.
Mod. m %  
Hardness 
Ts^r S 
Basborc R 
Flex 2A 
Abr. Loss

214
500
107
60
51
31

>200
0.99

208
500
110
60
48
25

>200
0.97

Air-Arcing @ 100®C f o r  3 days.
A  T.S. % 
AE.B, %
A  Hardness

—27 
- 4 8  
+ 10

— 17

~^9 
+ 10

217
530
98
62
52
32

>200
0.86

— 21 

—50 
■+ 7

167
550
77
59
42
31

>200
0.64

—23 
—49 
-1- 9

Abov= passenger treads arc also rccomn,e,.ded for Truck 
Treads upto 8.25-20 size.

* A rv H rv rn th '  1  " ' I  antiozonanls likeAlkyi-aryl p-phenylcnc-dtamincs.



T R U C K -T Y R E  C A R C A S S

DU/5970/D
Rner Plies 

1 2

S-1500 
RM A IX 
WTR 
FEF 
ZnO 
St. Acid
A.O. Kelone-aminc
A ,0. PBN & DPPD
MBTS
CBS
DPG
Sulphur

30
50
40
25
4
1.5  

1

1.5 
0.6

40
40
40
25
4
1.5  
I
1.5  
0.7

2.2

ML4 
. MS

32 31
16’45” 18’32”

Outer Plies 
3 4

JU
80
20

25
4
1.5  
I
1.5

0.6
0,2

2.0

29
15’20”

zo
80

25
4
1.5 
1

1.5

0.7
0.2

2. 0

30
i r s o ”

Lurti @ 152^C 25’ 25' 25' 25'
T.S. 144 143 179 182
E.B. 5S5 600 610 575
Mod. 300% 57 56 51.5 51
Harducss 53 57 51 50
Flex 2A 87 _ 85 87
Flex 2U 210 159 98 125

Ascifi}! @ 70°C f u r  1 (lays.

AT.S. +  3 — 1 —13.5 — 13.1
A  E.B. — 17 —21 —23 —J7
A  Mod. 300% + 36 +  39 +  42 -i- 26
AHardness -f 4 + 4 + 4 -1- 2

•Suitable carcass-stock could be selected for passenger tyres aiso. 
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T YR E  BEAD  INSULATION COM POUN D S

High Icnsilc steel wires (beads) are vita) fo r aii types 
of pneumatic tyres. Basically the principal function o f the 
bead is to hold the tyre against the rim. The beads arc  
insulated by a rubber compound with the help o f an ex­
truder. Insulated bead-core assembly consisting o f nnilti- 
ple strands, should adhere properly to bead-flippcr and 
rubberised square-woven fabric.

To get better adhesion, the com pounds o f bcad- 
insulalion should be properly designed so that during the 
service life o f a tyre, the compound hardens slow ly and 
docs not leave the bead. Synaprene rubber com pounds 
have inherent characteristic o f hardening and this typical 
property could be well exploited ners in the case o f Bead 
Insulation compounds.

Synaprcno 1500 

Synaprene 1712 

SRF Otack 

Naph. oil 

Rosin oil 
ZnO 

St. acid 

A.O. PBN 

MDTS 

Sulfur

ML4
MS al I26°C 

Cure @ HO^C

I 2
100 ~

- 100
70 70
5 5
5 5

10 10
2 2
1.5 1.5
1.7 1.6

10 7
49 36
19’07" 17'30”

Hardness

ABcd Hiirdncfis 72 hrs. @ 100“C 
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T YR E  SID E W A L L  CO M PO U N D S

Truck Passanger Sidewall*

DU/5970/B 1 2 3 4 5

Synaprene 1500 — — _ 70
Synaprene 1502 100 25 50 30
Synaprene 1712 — — 50 — —

NR 75 _ 70 30
HAF _ _ — — 45
SRF 60 60 60 _ —

Pptd. CaCO^ — — — 10 —
China clay — — — 20 —
Cumar 5 — _ —
H. Ar. Oil — — _ — 7
Naph. oil 5 5 10 3 —
Zinc oxide 4 4 4 20 4
St. acid 1.5 1.5 1.5 1.5 2.5
A.O. PBN 1 1 1 — 1
A.O. IPPD 1 1 1 — 1
A.O. SP _ — 1.5 —
Micro wax i 1 1 ] 1
CBS 0.7 1 1 _ 0 .9
MBTS — — — 1.5 —

DPG — — _ 0.15
Sulfur 2.25 2 1.6 2 .5 1.8
TIO^ — — — qs —

ML4 48 40 39 35 44
MS 22M0” 13’4S’’ 22' 14H5” 18’ 10"

Cure at I52“C 20' 20’ 20' 20’ 30'
T S . 166 197 151 214 260
E.n. 540 475 650 650 600
Mod. 300% 89 112 62 35 89
Hardness 58 58 54 48 58
Tear S 55 48 49 31 _

Flex 2A 57 68 164 67 67.5
Bashore R — _ — 42
Abr. loss - - - - 1.29

•Note : Compd. 5 has Common Tread & Sidewall.
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SCOO TER AND M O TO R  C Y C L E  T R E A D S

I 2 3

S-1712 100 100 80.0

RMA JX — — 20

HAF 50 62 50

H. Ar. Oil 3 10 3

Zinc oxida 4 4 4

S(. add 2 2 2
A.O. PBN 1 1 1
A.O. IPPD I 1 1
P. Wax 1 1 1
TBBS 1.0 1 .0 0 .9
DPG 0.2 0 .2 0 .2
Sulfur 1.75 1.8 1.9

S-G.- 1.13 1 .19 1 .13

ML4 44 47 46
MS 24’30" 19M8-
Cure @ ]52°C 2Q- 20' 20'
T .S. 202 192 210
E.B. 460 425 440
Mod. 300% a s 131 129
Hardness m 61 r>n
Tear S 53 67.5 55
Hex 2A 174 > 150 164
Abr. Joss 1.21 1.33 1.29
Air asci i is  @ 70'^C f o r  7 days. 
A  T.S, - 4 ~  2 — 7
A  E.B. —20 — IS —20
A  Hardness 4- 4 + 3 +  3



C A M E L B A C K  A N D  R E T R E A D  M A T FiR IA LS

A  rclrcad compound (camclback and slab) is expect­
ed to  give the same perform ance as the original tread 
which it replaces. H ow ever, certain characteristics o f the 
original tread  compound, arc not so vital fo r the retread 
compound. The casing is fu lly  grown, hcncc the prim e 
reason fo r (read-cracking is eliminated. Heat build-up 
and tread-scparation a re  not much o f a problem. Hence 
the bctler abrasion o r wear-resistance property o f Syna- 
prejie could be econom ically exploited fo r these camcl­
back compounds.

Especially oil-extended Styrene-Butadiene and Emul- 
sion-PoJybutadiene R ubbers like Synaprene 1712  and 
E B R -O E  are  ve ry  popu larly  used fo r the m anufacture o f 
cam elback compounds. It is practicable to  design low  
cost cam elback com pounds based on higher loading of 
carbon-black and oil w ithout much sacrifice in  the pro­
duct perfonnance o r its service life.

A  retread compound is expected to have a  long 
storage life. The scorch resistance o f Synaprene Rubbers 
aids in m aterially increasing the storage-life o f the retread  
compoiuid even when compoimded with the scorchy fu r­
nace blacks.

Synaprene 1500, Synaprene 1712  and Synaprene  
E BR -O E  are the preferred rubbers fo r  this application. 
Synaprene 1.500 gives vulcanizates w ith better resistance 
to  tear and is preferred fo r truck tyre retreads and pre- 
miui7i pa.ssejigcr retreads. Synaprene 17 12  is generally 
used fo r passenger ty re  retreads because o f better trac­
tion, wet-skid resistance and silent running. Synaprene 
E B R -O E  is preferred  because o f very  high abrasion, flex 
and age resistance. F or passenger retreads, EBR -O E is 
blended with S -17 12 , w hile fo r truck retreads, EBR-O E



is blended widi NR. Physical properlics do not fa ll on 
aross ovcr-cures o r during service because o f the unique 
property o f EBR-OE to arrest reversion o f NR. EBR-OF, 
also mijintains the taek o f NR in blends.

AH the.se three polym ers give excellent abrasion resis­
tance as retread compounds. Furnace Blacks such as 
H A F and ISA F  give superior perform ance than Channel 
Blacks in Ssniaprcne Rubbers.

OIL-CAR.BON B L A C K  EXTENSION :

F or better economics, Synaprene Rubbers can be 
extended with oil and furnace blacks. T he follow ing can 
be used as the guide-line :

(i) For every phr H A F  above 50  phr loading in
Synaprene 1500, 0 .8  part extra oil is added.

e .g . . .  Synaprene 1500 100  100
H A F  5 0  6 2 -5
A rom atic Oil 8 18

(ii) Sim ilarly, fo r every p h r H A F above 50  phr lo ad ­
ing in Synaprene 1712 , 1 .0 0  part extra oil is 
added.

eg. . Synaprene 1712  100 100
.H A F  50  6 2 .5
Arom atic Oil 3 15

This will maintain the hardness, modulus and the 
stiffness o f the compounds to the level o f those o f the 
conventional compounds.

USE OF INSOLUBLE SU LPH U R :

Insoluble sulphur is used in retread com pounds fo r  
two reasons viz ; —

(i) To reduce the blooiuing o f sulphur, and
(ii) To increase the storage life o f the products

96



Retread compounds cojitain sulphur a t 2-3 phr level. 
Sulphur at this level is soluble in rubber at the mixing 
tem perature. But at room  temperature, tiio solubility of 
sulphur in rubber fa lls  to only 0 .7  phr.

Hence the excess bloom s out slowly and "kills the 
surface tack o f the retread compound. The bloom  cannot 
be rem oved by solvent swab. This leads to  the difficulty 
in building up and the proper fusion o f retread to the 
casing.

Insoluble sulphur is inactive and does not cross-link  
with rubber till at 90°C , at which tem perature it gets con­
verted to  ordinary active form , hence during the process­
ing stages or during storage, the tem perature o f the rubber 
stock should not reach upto 9 0 ° C , the compounds con­
taining insoluble sulphur can be stored fo r  long period.

Experiments w ere carried out in our T . S . L abora­
tory on the effect o f use o f nonnal sulphur in the Syna- 
prcne rubber cam elback compounds.

Follow ing tw o compounds were prepared and stored 
at room  tem perature fo r 8 months in Bombay (February  
to O ctober) packcd in polythene liners. T hey were  
chcckcd for blooming and the M ooney Scorch time.

Synciprcnc 1500 100 —
Syiiiiprenc 17] 2 — JOO
iSAF — 12.5
HAF 50 37.5
Aromatic Oil 10 8.5
Zinc OxiJii 3.5 3.5
Stearic Acid 2 .0 1.5
PBN 0.5 0.5
CBS 1.2 1.0
Sulfur o 1.5
Mooney Scorch time (nunules to 5 points rise)
Original 39 25
After 32 week’s storage * 32 23



rn the case o f Synaprenc 1712  retread compounds, 
there is no blooming tendency present even if soluble sul- 
pbm- (Normal Rubber grade Sulphur) is used. This tact 
coupled with scorch resistance o f Synaprcne rubbers tnakes 
it possible to use normal soluble sulphur in Synaprene  
1712  compounds which are to be used within a  reasonable  

period.

CUSHION G U M  : Synaprene R ubbers exhibit
slightly lower building tack compared to  N R compounds. 
But the use o f natural rubber cushion-gum eliminates, 
buildiiig-up difliculties and the fusion o f the retread with 
the casing is excellent

When Synaprene 1712  is used o r  when high carbon  
black-oil loadings are used in Synaprene 1500. it is found  
advisable to  aim fo r a slightly higher m odulus in the  
cushion-gum compound to  oft-set an y softening o f the 
cushion-gum by migration o f o il from  retread com pound  
to the cushion-gum. This can be achieved by using 
slightly higher carbon black loading o r by the use 
of higher .structure black in the compound.

The recent trend abroad is to  replace a p art (10 % )  
of the natural rubber by the oil extended polytner like 
SB R  1712  and extend the cushion-gum compound too. 
by use o f higher loading o f carbon black and oil (e .g .  
instead o f 100 N R ; 30 FEF; 5 Oil; use o f 90  N R ; 1 3 .5  
SBR 1712 ; 50  FEF; 2 0  O il is m ade).

PROCESSING OF SY N A PR E N E  R E T R E A D  
COMPOUNDS :

Instructions fo r “detailed processing” arc  already  
given in tha section “ Processing o f Synaprenc R ubbers” . 
These instructions hold good fo r retread com pounds also. 
In addition, the following points should not be o ver­
looked;



( 1 )  J f  a  single polym er is used, the norm al mixing 
sequence could be used.‘

(2 ) F or blending o f two o r m ore polymers, mastcr- 
batch mixing-technique should be used. For

j Synaprene 1500 and 1712 , master-batch with 50
p h r H A F  with 7 to  3 phr A rom atic processing 
oil could be conveniently prepared. But to 
achieve best dispersions with EBR -O E (40  M L 4) 
m aster-batch with 65 to  70  phr H A F  with 5 phr 
H. A t. Oil should be prepared.

(3 )  T o  get the best homogenity o f the blends, the 
m ooney viscosities o f the polym ers o r  master- 
batches should be near-about the same while 
blending.

The M ill-m ixing cycle fo r a single polym er should b e :
( 1 )  Pass po lym er tw o time through tight nip tor 

quick banding.

5 (2 )  Zinc Oxide, Anti-O xidants and anti-ozonants.

(3 ) 2/3 carbon black +  stearic acid.

(4 ) 1/3 carbon black +  oil +  paraffin wax.

(5 ) A ccelerators (Sulfenam idcs) and sulphur on a 
cool mix.

The form er practice (in the days o f natural rubber 
and M P C ) was to  add the accelerator M BT  to the rub­
ber in the initial stages. M BT  acts as a mild peptiser 
fo r natural rubber. But at present, with the basic furnace 
blacks, sulfenam idc type accelerators are preferred. These 
accelerators do give safe processing stocks so long as they 
are not decom posed, by high temperatures. Once decom­
posed, these accelerators g ive v e ry  scorchy stocks. M ill 
tem peratures a re  likely to  go above the decomposition 
point o f the sulfenam ide accelerators during the carbon  
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In the ease o f Synaprene 1712  retread compounds, 
(here is no hlooniing tendency present even if  soluble su l­
phur (Normal Rubber grade Sulphur) is used. This fa d  
coupled with scorch resistance o f Synaprene rubbers makes 
it possible to  use normal soluble sulphur in Synaprene  
1712  compounds which are to be used within a reasonable 

period.

CUSHION GU M  : Synaprene R ubbers exhibit
slightly lower building tack com pared to  N R conipoimds. 
But the use o f natural rubber cushion-gum eliminates, 
building-up difficulties and the fusion o f the retread with 
the casing is excellent

When Synaprene 1712  is used o r when high carbon  
blaek-oil loadings are used in Synaprene 1500, it is found  
advisable to aim fo r a slightly higher m odulus in the 
cushion-gum compound to off-set any softening o f the 
cushiou-gum by migration o f oil from  retread com pound  
to the cushion-gum. This can be achieved by using 
slightly higher carbon black loading o r b y  the use 
of higlier structure black in the compound.

The recent trend abroad is to  replace a part (10 % )  
of the natural rubber by the o il extended polym er like  
SB R  1712  and extend the cushion-gum com(X>und too, 
by use o f higher loading o f carbon black and oil (e .g . 
instead o f 100 N R ; 30  FEF; 5 Oil; use o f 90  N R ; 1 3 .5  
SDR 1712 ; 50 FEF; 2 0  Oil is m ade).

PROCESSING O F SY N A PR E N E  R E T R E A D  
COMPOUNDS :

Instructions fo r “detailed processing” arc  already  
given in the .section “ Processing o f Synaprene R ubbers” . 
These instructions hold good for retread com pounds also. 
In addition, the following points should not be o ver­
looked :



(1 )  It a single polym er is usixl, the jiormal mixing 
scqucncc could be used”

(2 )  F or blending o f two o r m ore polym ers, mastcr- 
b a ld i mixing-technique should be used. For

 ̂ Synaprene 1500 and 1712 , m aster-batch with 50
p h r H A F  with 7 to 3 phr Arom atic processing 
oil could be conveniently prepared. But to 
achieve best dispersions with EBR-O E (40  M L 4)  
master-batch with 65 to  7 0  ph r H A F  with 5 phr 
H. A r. Oil should be prepared.

(3 ) T o get the best honiogenity o f the blends, the 
m ooney viscosities o f the polym ers or mastcr- 
batches should be near-about the same while  
blending.

The M ill-m ixing cycle fo r  a single polym er should b e :
( 1 )  Pass polym er tw o tim e through light nip tor 

quick banding.

(2 )  Zinc Oxide, Anti-O xidants and anti-ozonants,

(3 ) 2/3 carbon black +  stearic acid.

(4 )  1/3 carbon black +  oil +  paraffin wax.

(5 ) A ccelerators (Sulfenam ides) and sulphur on a 
cool mix.

1 ’he torn ier practice (in the days o f natural rubber 
and M PC) was to  add the accelerator M B T  to the rub­
ber in the initial stages. M BT acts as a mild peptiscr 
fo r natural rubber. But at present, with the basic tiirnace 
blacks, sulfenam ide type accelerators are preferred. These 
accelerators do give .safe processing slocks so long as they 
arc  not decomposed, by high lem peratures. Once decom­
posed, these accelerators g ive ve ry  scorchy stocks. M ill 
tem peratures arc  likely to go above the decomposition 
point o f the sulfenam ide accelerators during the carbon



black addition s(agc. Hence it is preferable to  hold back  
the addition o f accelerators till (he last stage o f mixing.

In Banbury mixing also, it is preferable to  add the 
accelerator and sulphtir'on the slab-otf mill rather than 
in the Banbury. I f it cannot be done on the mill it is - 
preferable to resort to  two-step mixijig i .e .  in the first 
step a raaster-batch o f all the ingredients except the cu ra­
tives is made, and on cooling, next day, in the second  
step the curatives are added to the masterbatch in the 
Banbuiy. This two-step mixing also gives a  better disper­
sion of black and better control on the carbon-gel content.

A s  mentioned eariier, it is preferab le to  add zinc 
oxide and stcarie acid separately a t tw o different stages 
of mixing. Simultaneous addition o f the tw o has been 
found to give im proper dispersion o f the zinc oxide.

On mill, the carbon black addition should p referab ly  
be made at thin nip setting, atleast in the early  mixing , 
cycle to avoid bagging. Once the m ix attains sullicient *  
green strength, the nip could be opened.

The slab material can be produced dircctly from  a 
mixing mill. W ith Synaprene coinpounds, it is diflicult to 
lake out a  thick sheet like 14/32” from  the mill because 
o f bagging difficulty and consequent a ir entrapjiicnt. In 
such cases, it is preferable to  ro ll out bundles o f the com ­
pound keeping a  very thin nip. The nip should bo then  
widened, the bundles fed to  the nip vertica lly and the 
sheet taken out without allowing the band to  form.

There is also another technique to sheet out a  .smooth 
thin sheet without air-entrapniciit. First a thicker sheet 
m ay be rough o r smooth but without a ir pockets shoukl 
be slabbed off (w arm ) and then the thin sheet could be ■, 
straight rolled o ff the mill without banding. H ere again, *" 
it is not possible to take out good-lengths. 
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During rccenl years, retreading opcratiorts ar^ sW ftf '  
iiig towards automation. In U . S .A . .  changes in macJiines 
m aterials and methods have lead to  faster production and 
considerable saving in Hie econom y in the retread busi­
ness. In some shops, the use o f extruders is eliminated 
and the tread is directly slabbed off from  the special mills 
in the required width and thickness by a pair o f knives. 
Such slabs are sprayed with adhesives and the need fo r  
cushion gum is eliminated.

Conventional rubber extruders are superceeded by 6 
inch hot-feed extruder which has a "veraeo” head with 
adjustable dies to  change tread rubber width and crown 
fo r  various passenger and truck tyre sizes, but such equip­
ment is very  expensive.

Y et another process that has already established its 
placc ill retreading shops is the O rbitread process where 
a  ribbon o f tread is extruded directly on the buSed 
cortiented casing and wound helically. This process elimi- 

’ f ntacs the need fo r  cushion gum and splicing o f tread is 
not retjuired. Depending on the type o f machine, O rbi­
tread scries can handle sizes ranging from  passenger to 
highw ay tyres.

In l leintz process, a cold strip is applied to  the cas­
ing instead o f a  hot strip o f tread. There are several 
inherent advantages in usuig cold strip building method. 
T he application o f the cold strip to the carcass in multi­
p le  is b y  overlapping passes across the tyre  which allows 
potentially trapped a ir to  dissipate m ore readily as the 

rubber is being stitched to  the carcass. The use o f cold 
tread strips reduces the danger o f set-up o r  surface lam i­
nation cure over that o f hot-strip application, especially.

-  in  the larger size oft-llie-road treads w here heavy tread
stock thickness is required. O ne such machine GTL^WO-

' - ' A r :



m adi by Hcinlz, U .S .A .  applies as liigli as 1800 lbs/ 
hour o t cold strip over the carcass.

A part from  building operation m any changcs have 
been made in the retreadnig equipment sticli as molds, 
matrices and curing equipment.

PO RO SlT ’> IN EX TR U D E D  ST O C K S : The poro ­
sity in extruded stock is generally due to the decom po­
sition o f (he nilrosoamine type relarders during the high 
tcmperature-extrusion. This porosity is aiso encountered 
when a cheaper reUirder like salicylic acid is used, which  
is difiicult to  disperse. Treated phthalic anhydride due to 
its higher melting point (12 4 °C ) creates m inimum p ro ­
blems on porosity. G enerally, fo r Synaprenc R etread  
compounds, use o£ any retarder is unw arranted, but if 
used, it should be added to the polym er prior to  the addi­
tion o f carbon-black.

The recent trend is to use extruders with vacimm  
device to avoid porosity in the green extrudale. This.,, 
helps, particularly, in continuous vulcanization o f the ex- 4  
trudates without any porosity.

BU ILD IN G  U P ; R etreading with’ Synaprene com ­
pounds does not offer any problem  when natural rubber 
cushion-gum is used. It is a practice to make bevel splice 
but even butt-splicing has been found satisfactory. In 
such cases a honiogcniser tool (an instrument with two  
metal prongs) is used. The two prongs arc  inserted in 
either side o f the splice-joint and given a twist to force  
the edges o f the butt splice m ore tightly.

In the case o f Synaprene compounds, the camelback  
should be applied with no tension to prevent any tendency 
to spring back and create open splices. This is essential , 
in shops where the built-up tyre is held fo r an extended 
time before cure.



, CXIRING : In norm al retreading shops in our coun­
try . heat fo r moulding is applied only from  outside. Tfee 
cure-lim e wiJl depend on the tyre  and the thickncss of 
the camelback and the temperatures used fo r moulding 
in the shop. A  rough guide, fo r the form ulations given, 
will be 5 minutes at I45°C  per 1/32”  i .e .  a  12/32” 
camelback will retjuire about 60  minutes to  cure.



RETREAD CO M PO U N D S FOR T R U C K  T Y R E S

I 2 3 4 5 6

S-1500 100 100 _ — “ —
S-1712
S-EBR-OE

*- 80 60
40 40

RMA IX _ — 20 40 60 60

HAF 50 62 50 50 62 30

ISAF _ _ — “ — — 20

H. Ar. Oil 7 15 3 7 15 9

ZnO 4 4 4 4 4 4 .
St. acid 2 2 2.5 2.5 2.5 2.5
A.O . PBN 0.5 1 1 1 1 —

A.O. Ketonc- 0.75
Amine
A.O. PBN 0.75
& DPPD
CBS 1.1 1 0.85 0.65 0.7 t).56
Crystex sulphur 1.85 2 1.8 2 .0  ■ 2.2 2 ,14

S. G. (actual) 1.135 1.15 1 .14 1.14 1.14 1.12

M U 62 58 57 39 42 48
MS 28‘41" 26-14’’ 28'15" 23'25'’ 20-23-’ I7'46”
Gar\cy extrusion
1 V’ Screw, SO rpm

cms/min 352 361 372 352 378 —
% Die s«ell 43 41 52 68 53,5 _ _

Cure®  !52®C 25’ 30' 20' 20' 20' 20’
T.S. ' 241 227 250 225 227 221
E.B. 475 465 500 525 500 510
Mod. 300% 135 149 134 108 138 105
Hardness 63 66 61 61 62 62
Tear S 58 49 55 — — 65
Abr. loss 0.49 U.52 0.66 1.06 0.97 0.77
Flex 2A >280 >2C0 >300 >100 133 69
Air age ing  @ lOO’ C f o r  72 hrs.
a t . s . —38 —35 —20 —47 —41 —69
A E .B . —40 —41 —40 —34 —46 —63
AHardness + 4 -1- 4 - f 3 4- 6 + 5 nil

extrusion is high.



r

1 2 3 4 5 b

S—I712 ICO 100 80 40 60 —
S-EBR-OE — — 40 — 60
RMA IX _ — 20 20 40 40
HAF 50 62 45 45 50 50
H. Ar. Oii 3 12 12 — 7 7
ZnO 4 3.5 4 4 4 4
St. acid 2.5 2.5 2.5 2.5 2.5 2.5
A.O. PBN I 1 1 1 1 1
A.OJPPD 1 1 1 I 1 1
CBS 1.1 I . l 0.85 0.85 0.65 0.55
DPG 0.1 0 .1 — — — ~
Crystex Sulfur 1.5 1.6 1.8 1.8 2.0 2.15

S .G . i ; i 4 1,15 1.135 1.135 1.14 1.135

ML4 56 54 55 44 39 46
MS 21' 18’’ 22’ 29"' 27’ 25' 17’'̂ 2 3 ’25-’ 18'38”
Garvey extrusion
1̂ -” Screw. 

Cms/min
50 rpm 

360 354 344 350 352 392
9o Die swell 61 58 76 78 68 68
Cure @ 

I52°C 25’ 25’ 20' 20’ 20' 20’
T .S. 202 188 264 205 222 225
E.U. 600 550 550 510 525 530
Mod. 300% 76 90 103 102 108 101
Hui'dness 58 58 59 58 61 61
Tear S 42 42 51 — — 55
Abr. loss 0.75 0.83 0.95 0.62 1.06 0.78
Flex 2A 95 >100 >300 >200 >100 83

Air Ageing @ IOO°C f o r  72 hrs.

a t .s . —29 —30 —23 —31 —47 —27
AE.13. —42 —38 —35 —32 —34 —36
AHardness +3 +  4 + 7 -h 5 + 6 +  4
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1 2

RMA IX 100 70

S -1500 - 30

FEF 30 30

Pine tar 5 5

Cumar 3 5

Zinc Oxide 4 4

St. acid 1.5 1.5

A.O.PBN i 1

CBS 0.6 0 .8

Insoluble sulfur 2.5 2.25

Tack in Gms; 
(Wallace tackmeler) 

After I hour 850 850

After 24 hours 850 850

Calendering : Excellent Excellent



f

AU TO M O T IVE  INNER TUBES

A ulom otive inner tubes for tyres can be divided 
into two categories; ( 1 )  Inner tubes fo r passenger 
tyres and (2 ) Inner tubes fo r truclc tyres. Norm ally pa­
ssenger tubes are manufactured using Butyl rubber and 
truck tubes are  manufactured using general purpose 
rubbers like N atural rubber and blends o f natural and 
SB R .

Butyl rubber o ffers the best air-rctention capacity 
and excellent age resistance. Next best is SBR. Butyl 
rubber vulcanisatcs retain the air 14 times better than 
N R  and SB R  (23,5%  styrene) retains the air 4  times 
better than N R , w hile SB R  (4 0 %  styrene) retains the 
air 6,5 times better than NR.

W hen compounded properly with reinforcing fu r­
nace black like F E F the tear strength o f tubes o f N R, 
S B R . & Butyl are alm ost alike. This particular property 
controls the puncture propagation of a tube.

Inner tube compounds o f N R , blends o f NR and 
SB R  and Butyl could be compounded fo r hardness, 
modulus, elongation and tear properties almost alike but 
the p roperly o f tensile strength varies as per the nature 
of the polym er (i.e, Crystallin ity) e.g. Natural rubber 
would show higher tensile strength than SB R  and Butyl 
on stretching.

A p a rt from  vulcani.sate characteristics, processing 
characteristics and other requisites o f Inner tube com ­
pounds are:

( 1 )  Uniform  plasticity tor trouble-free extrusion 
resulting in uniform  thickness.

(2 ) F a irly  high ra te  o f extrusion fo r productivity.
(3 ) Fast cure-rate with adequate processing safety 

and ab ility  to  g ive fast lap o r butt-splicing.
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The foliowiug two tables show the crtcct o f gradual 
substitution o f N R by Synaprenc 1500 and 17 12  in the 

inner tube compounds:

TABLE 24
N R /S-1500 BLENDS F O R  INNER TU BE S

DU/2470/C 2

RMA-IX
S'1500
FEF

100

35

90
10
25

85
15
25

80
20
25

75
25
25

1
4

70
30
25

1
4Ar. Oil 

Zinc Oxide
1
4

1
4

1
4

1
4

St. acid
A.O. Ketone-aminc

1
1.5

1
1.5

1
1.5

1
1.5

1
1.5

1
1.5

A.O. IPPD 
P. Wax 
TBBS 
Sulfur

1
0.5
1
2.2

1
0.5
1.05
2.16

1
0.5
1.07
2 .14

1
0.5
1 .10
2 .12

1
0.5
1 .13
2 .10

1
0.5
1.15
2 .08

S-G. 1.04 1.04 1.04 1.04 1 .04 1.04

ML4 26 26 26 25 31 32
M.S. 6’45” 7'10" 7'30” 8'10” 8‘15” 9’
Garvey Extrusion:
H Extruder @ 50 rpm. 

Cms/min. 446 450 431 381 36« 351
% Die Swell - 32 34 41 47 53 60
Cure @ 152°C T 7’ 7’ T 7’ 7’
T.S. 296 281 284 258 274 271
E.B. 610 580 580 570 600 535
Mod. 300% 78 73 79 73 71 71
Hardness 52 51 51 51 52 53
Tear S, at RT 46 46 47 44 45 42
Tear S, @ 70®C 53 46 43 43 41 41

Air-Ageing @ fo r 3 days.

A  T.S. +  5 —3 __4 —4 —2.5
AE.B. —10 —13 —12 —14 —13 —11
AMod. 300% + 36 +37 +43 +39 + 44 +35

. AHardness + 3 + 6 +  6 + 2 4 + 7
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Air-Ageing @ 70®C f o r  t> days.

a t .s . —5 —6 - 4 —5 Nil
a e .b . — 11 —13 —15 —11 —H —il.5
AMod. 300% +45 +41 +55 +45 +46 +45
AHardness +  6 + 5 +  7 -t- 7 + 7 + 7

Air-Af{e}ng @ 100“C f o r 3 days

a t .s . —33 —39 —33 —36 —39 —33
a e .b . —28 —35 —35 —52 —30
A M od. 300% +53 + 53 +66 +56 +71 +58
AHardness + 5 +  s + 9 + 6 + 8 + 8

TABLE 25

N R /S -1 7 1 2  BLExNDS F O R  IN N E R  T U B ES

Ref: DU/2470/D 1 2 3 4 5 6

RMA-IX 100 90 85 80 75 70
S-1712 ~ 10 15 20 25 30
FEF 25 25 25 25 25 25
Ar. Oa 1 1 1 1 1 I
Zinc Oxide 4 4 4 4 4 4
St. acid 1 1 1 I 1 1
A.O. Ketone-ixmine 1.5 1.5 1.5 1.5 1.5 1.5
A.O. IPPD 1 1 I 1 1 1
P. Wax 0.5 0.5 0.5 0.5 0.5 0.5
TBBS 1 J.05 1.07 1.10 1.12 1.15
Sulfur 2.2 2 .10 2.09 2.06 2.02 1.99

S.G. 1.04 1.04 1.04 1.04 1.04 1.04

ML4 23' 24 26 24 25 26
M.S, 5’15'’ 7‘50" 8’ 8^10” S’15” 8‘50"
CJarvey extrusion

Extruder @ 50 rpiii 
Cms/min. 446 483 451 402 360 352
% Die Swell 32 35 ' 47 62 68 77
Cure @ 152'‘C 5’ 5’ 5' 5’ 5’ 5'
T.S. 296 298 289 261 276 262
E.B. 610 620 610 600 610 610
Mod. 300% 78 73 67 69 66 69



Hardness 52 50
Tear S @ RT 46 47
Tear S @ 70°C 53 48.5

AirAgcIng @ 70»C fo r  3 Joys.

AT.S. + 3  +*•**
AE.B. -« ■ «
AMod. 300% +22 + 3’
AHardness +4 +4
Air-Agrmg @ 70»C f o r  5 rfiys- 

A T .S , - 1  +2-5
AE.B, - 1 2  -**
AMod. 300% +35 +52
AHardness +4 +6
Air-Asei'-S @ f o r  3 ^ays.

A T.S. —29 —29
A E.B. —25 —27
AMod. 300% +34 +55
AHardness + 5  + 6

COM M ENTS;

(1 )  In both the series compounded m ooney viscosity arc  
slightly low, may be because oC compounds, getting 
over-worked due to  masterbatch-mixing technique. 
H owever, due to gradual incorporation o f Synaprcne  
1500 and 1712 , there is a  minor rise in the com ­
pounded mooney viscosity.

(2 ) Safety in processing im proves by gradual rise in 
synaprene without allccting the cure-rates. (Balanced  
by pro-rata level o f curatives.)

(3 ) R ate o f extrusion comes down slightly due to in­
crease in Synaprene and %  die-swell also increases. 
This calls fo r die-adjustments. Once the die is ad-

itu

49 50 49 49

47 43 44 44

45 42 41 42

—4 5 —2.3 —9.6 3.7

—10 __9 __9 — 10

4-29 4-36 4-35 4-41

+  4 + 4 + 3 4- 3

—1.75 4-3 - 9 . 6 4-3.7

—10 —12 —15 —15.5

4-39 4-49 4-48 4-55

4- 6 4- 5 4- 4 + 3

—26 —29 —35 —31

—27 —33 —35 —35

4-52 4-59 4-58 4-61

4- 6 4- 6 4- 5 4- 4



justed fo r original thickness, the rate o f extrusion 
does not get impaired,

(4 ) Physical properties o f the vulcanisates are not affected 
much upto 30  phr o f S-ISOO and S-1712 . There is 
m inor drop in tensile and tear strength, but modu­
lus remains alm ost unaffected.

(5 ) T ear strength at room  temp, as well as at 7 0 °C  shows 
very slow and gradual decrease. H owever there is 
no drastic fa ll o f tear strength at 70'’C.

(6 )  M oderate and severe, both types o f agemg results, 
remain almost constant upto 30 phr o f S -1500  and 
S -1712 .

(7 )  T o  low er the modulus value, levels o f accelerator and 
su lfur should be lowered with slightly higher cure 
cycle fo r  both the series.



S C O O T E R  A ND M O T O R  C Y C L E  T U B E

A  good scooter or m otor cycle tube should have 
very high air-retention capacity, low modulus and high 

elongation with low hardness.

DU/187I/A (1) (Z)

RMA IX 70 70

S-1712 ™
S-1513 30

20 M
20 20

FEF 
SRF
H. Ar. Oil 7 ’®
Cuniar  ̂ ^
ZnO 4
St. acid 1-5 1-5
A.O . PBN 1 I
A.O. IPPD 1 '
P. Was 0 .5  0,5
TBBS 0 .6  0.6
MBTS 0 .6  0.6
Sulfur 1.5  1.6

S .G . (actual) 1 .10  t.lO

Cure @ 152“C 10’ 10’
T .S. 217 218
E.D. 650 630
Mod. 300% 57 59
Hardness 49 50
Tear S 42 42.5

Air-Agcinf; @ lOO^C f o r  72 hrs.

A E .B . —25 —23
A T .S. —27 —23 i
AHardness + 2  + ’ 3



A l present cycic tyres are inanLifactured by two 
methods :
(a) On a muUiday-Ught-prtss, ubing curing bug method.
(b) On a Bag-O-Matic press, using curing bladder method. 

Tread and carcass compounds fo r curing bladder
method could be advantageously compounded fo r fast 
curc-cycle either by higher tem perature and,, o r by taking 
slightly higher level o f curatives 3 to 5 minutes curc-cycle 
at 1 6 5 'C  is a  norm al praclice. But compounds fo r raulti- 
day*Iight presses with curing bag method should have 
higher safety period against scorch hazard which allows 
longer dow n tim e and the curc cycle is norm ally 6 to 8 
minutes at 155°C .

A  cycle tyre compound should have :
(1) Uniform plasticity to ensure that the tread which is cither 

extruded or calendered maintains its dimensions within very 
narrow limits and also plasticity low enough to get sharp 
mould design details, at low air pressure (7 kg/cm-'), on 
the cured product.

(2) Ability to be cured at high tcmpcralurc without reversion 
for faster economic production.

(3) Fast cure rates with good processing safety.
(4) Good resistance to abrasion, flex and ageing of the \ul- 

canizate.
The formulat-oi^s given are based on Synaprenc rub­

bers and its blends with natural rubber and reclaim to 
give a good balance in processing, building and vulcani- 
zate characteristics. These are economic cycle lyre com ­
pounds. A s  the healing is only from  outer peripheral side 
o f the m ould, the carcass compound fo r such curing system 
should be designed fo r fast cure. The cure rale o f the 
carcass compout\d should be one and half limes faster 
than the tread compound to get balanced cure for the 
coni|)osite unit and optimum adhesion, at large, for 
carcass lo tread.



CYCLE T YR E T R E A D S CARCASS

1 2 3 1

S-I712 55 — 60 RMA-IX 70

EBR-OE — 55 — S-1712 30

EBC 3X 25 25 40 SRF 10

WTR 40 40 __ Pptcd CaCO.j

SRF __ 65 Naph. Oil 2

HAF 40 40 40 Cumur 4
China clay 50 50 — ZuO 4
Naph. Oil 10 10 12 St. acid 1
Mineral rubber — — 3 A.O. PBN 1
Cumar 4 4 3 CBS 0.8
ZnO 4 4 4 DPG 0.2
Si. acid 1 1 1 Sulfur 2 .2 !
A-0. PBN 0.5 0.5 0.5
A.O. PBN & 0.5 0.5 0.5
DPPD
P. Wax 0.5 0 .5 0.5
CBS 1.2 1.2 1.2
TMT 0.3 0.3 0.3
DPG 0.2 0 .2 0.3
Sulfur 2 2 2.25

S.G. 1.27 1.26 1 .18 1.2!

ML4 50 46.5 37 ML4 35
MS I6’0-’ I6’5” 10’53” MS I2‘36’
Curs @ 4’ 4' 5‘ Cure @
162®C 162®C 3’
T.S. 129 123 109 T.S. 176
E.B. ?60 375 500 E.B. 650
Mod. 3007o 97 92 67 Mod. 300% 34
Hardness 65 66 61 Hardness 45
Flex 2A 62 80 100 __

Flex 2B 12.8 4.0 27.8 __

Abr. loss ■ 4.86 3.96 3.41 __

Air-Ageing @ 70° f o r  7 days.
A  E.B. —22 —21 —18 — 11
A  T.S. — 4.6 — 7.3 — 4 —20
AHardness + 5 4- 6 4- 5 4* 5



C Y C I.E  TUBES

A t present, cycle tubes are manufactured by two 
methods :

(a ) M andrel cure by open steam pressure in a vulcanizer
\r

(b ) W atch-case Moulding.

Both these methods call fo r different types o f com ­
pounds. U pto the stage o f extrusion of green tubes, the 
steps are common fo r both the methods. Cycle tube com- 
pou]ids fo r the mandrel-m ethod, must have excellent ex­
trusion characteristics like fast extrusion speeds, excellent 
surface finish and adequate resistance to  scorch.

T he requisites o f vulcanisate characteristics are :

( 1 )  High elongation with low  modulus.

(2 ) V ery  low  perm anent set.

(3 ) Excellent air-retention property.

(4 )  Good agc*resistance.

(5 )  High tear strength.

Synaprene rubbers show excellent air-retention pro­
p erty  in com parison with NR.

Nitrogen PermeabiUty* 
Natural rubber 4 .10
SBR (23.5%  Styrene—37.5 phr oi!) 2.68
SBR (23.5 Styrene) 2.56
SBR ( W o  Styrene) 0.838
fiulyl (HR) 0.063

*tn Cii. ft @ STP through 0 .001” thickncss per sq, fr. per psi 
pressure difTerencc fRef. FR-S synthetic rubber and latex facts 
Vol. 2).



b l a c k  c y c l e  t u b e s RED

1 2 3 4

S-171Z too 60 60 11M A-IX 70

S-1513 40 — S-1502 50

RMA IX — _ 40 rptcd. CaCO.j 80

. FEF 60 60 60 Nuph. oil 10

Naph. oil 20 20 20 ZnO 4

ZnO 4 4 4 St. acid 1.5

St. acid l . $ 1.5 1.5 A.Q. SP 1.5

A.O. DPPD 1 1 1 P. Wa't 0.5

A.O. PBN 1 1 1 MBTS 1

P. Wax 1 1 ] T^^TD 0.2

MBT 0.7 0.7 0.5 Sulfur 1.3

MBTS 0.5 0.5 0.5 TiO„ & Color q.s.

Sulfur 1.4 1.4 1.4

S.G, 1 .14 1.14 1.13 1.2^

ML4 30 34, 32 35

MS 25:'i(r — — —
Cure @ u r 10' 10' 8'

i52^C —
T.S. 132 i35 153 160

E.B. 630 650 670 625
Mod. ywA 52 62 58 48
HiiTdncss 46 48 48 44
Tear S 39 37 42 —
P. Set 3.1 5.9 5.9 ? . l

Atr-A}-cin^ @ 70 'C /or 7 days

A  T.S. — 4 — 3 _ 2 — 1.1
A  E.B. —20 _22 _ 2 4 —8
A  Hiirdnc'ss + 4 f  5__ + 4 +  1



C onveyor b d ls  transport m aterials at low speed and 
operate over big pulleys. A  typical belt consists o f a 
carcass and covers (top and bottom ). The function of 
tlio carcass is to carry the load, while the covers protect 
the carca.ss from  w ear and tear, shocks, deleterious effects 
o f solvents, oils, heat, ozone and weathering.

.Synaprene rubbers could be advantageously used for 
conveyor belt cover and friction, skim compounds lo  
meet I .S .  Specilieations 1891 ; G rade R  and S and IS.S.S. 
4 9 0 : G rade M & N. A  good heat resistant cover compound 
could be also developed with Synaprene rubbers. The 
essential vtilcanizate characteristics o f cover compounds 

arc :
(a) E.\ccllenl abrasion rusislancc along with hiyh ilcxibilily.
(b) Vei-y good resistance to atmospheric oxygen and heat-ageing.
(c) High tensile and tear strength along with reasonably high 

co-elTicient of friction to pre\cnt slippage under dry as \vclt 
as wet conditions.

, The green compound should have adequate build­

ing tack.
Synaprene rubbers surpass natural rubber in abrasion 

and agc-resistance. F or maintaining high co-efficicnt of 
frictioii, Synaprene 1500  and l-TOi could be selected. Oil- 
extended grade is not preferred only because o f slightly 
low tear strength. Synaprene 1502  is preferred fo r covers 
to  be used fo r conveying food-products.

NOTES ON M IX IN G  ; T o get the best physicals it 
is necessary lo  fo llow  two-step mixing.
ID A masterbatch of Synaprene 1500. 1S.\F and Stearic .Vid 

is made and allowed to rest overnight. ISAF should be 
added lo the rubber at tight nip.

(2) Next day. the itlaslerbatch is remaslieated on mill for 20 
minutes and tlieii the other compounding ingredients arc 
added Rcflning is done on tight nip four times. .Straight 
mi.xing gives poor results with tcn.sile-strength as tow as 
ISO kg/cm-'.



CO N VEYO R BELT C O M P O U N D S  
G E N E R AL PU R POSE

Cover Cover Friction 
& Skim

0 ) (2) (3)

S-UOO m 50 20
RMA IX — 50 SO
ISAF 40 40 —
SRF _ — 10
Ppted C^CO« — — 60
Pine Tar 5 3 3
Cumar 5 3 3
Zinc Oxide 4 4 4
A.O . PBN 0.8 0.8 0.5
A .O . Ketone-Amine 0.6 0 .6 0.5
A.O . ETDQ 0.6 0.6 0.5
St. Acid 2 •> 1
CBS 1.2 0 .8 0 .6
Sulfur 1,8 2.1 2.25
Microsvax ! 1 —
S.G . 1,12 1.12 1.12.... . ------- ____ _
M L4 56 44 _
MS 2V IS'
Cure @ i52°C 20' 15’ IS’
T .S. 234 238 174
E.B. 700 715 675
Mod. 300% 62 53 31.5
Hardness 58 60 44
Tear S. 52 54^

Air-Ageing @ 70®C f o r  7 day.'i. 

a t . S .  — 2 — 6 — 11
AE.B. __22 —24 —20
^Hardness -f 4 2 +  5
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t r a n s m i s s i o n  b e l t s

Transmission belts transm it power and operate at 
liigli speeds over sm aller pulleys in comparison with con­
veyor bells. A lthough flat transmission belts and V  belts 
both arc  grouped imder a  common heading, the first 
type calls fo r high flexibility but total non-strcchability 
to  avoid loss o f efficiency in power-transmission.

Com pounds fo r V  belts should withstand high speed 
flexing and heat, w hile those tor flat transmission belts 

should ha\^ age resistance.

DU/471/D
S-1502
RMA-IX
Ppted CaCO..
Soft clay
Naph. oil
Cumar
ZnO
St. acul
A .O . S.P .
l>. Wax
CBS
DPC
TMTD
Sulfur

ML*!
MvS
Cure @ 152°C 
T .S.
E.R.
Mod. 300% 
Hardness
Air-Ageing @ 1
a t .S.
A E -B -
A  Hardness

Belt Compounds
Skim Friction

(1) (2)
60 20
40 80
60 60

100 —
3 —
5 ?
5 5
1.5 1.5
1.5 1.5
I
1.2 0.6

— 0.2
0 .2 —
2 2.25

* 1.55 1.24

■■■ 55
2 r i8 ' ’ 17’IS’’

10’ 10*
105 209
500 590
65 51
61

>5

4<5

—15 — 5
—18 - iO .5

NH +  3

il9



V-B E L T  COMPOUNDS^^

Base Cushion Skim ** F ric tion

DU/471/C 1 2 3 4

S-1500 85 70 60 20

RMA IX 15 30 40 SO

SRF 100 60 40 10

Pptcd CaCOy — — — 50

Naph. oil 10 5 7 -
Cumar 5 5 s

Zinc Oxide 4 4 4 4
St. Acid 2.5 2.5 ■ 2 2
A .O . PBN & DPPD 1 1 1 I
A .O . Kelone-Amine 1 1 1 1
CBS 1.4 1 0 .8 0 .8
TMTD 0 .2 — 0.1 —
Sulfur 2 ■y 2.5

.sTg . i 723 1.16 l.H ) 1.21

ML4 63 44 40 39
MS 21’38‘* 24-3” 29’ 3‘’ 24’
Cure @ 152- C 15* 15’ 15' 10'
T .S . 158 184 20! 183
E .B . 260 475 600 600
Mod. m % 63.5 26 13.5 20 .8
iVlod. 300% — 105 52.5 53
Hardness 75 61 53 51
T e a r s . 51.5 
Air-agcini; @ tO'^C /or 7

57 43 38

A T .S . __  2 -  9 - -1 8 — 13
A E .l i . — 19 —25 —20 — 17
A Hardness N il 

. i ir-a gcing @ 100 C fo r  3 i lays
+ 4 + 2 +  5

A T .S . — 3 —20 — 35 —49
A E .B . —43 —51 —39 - 4 2 .5
AHardness + 5 4- 4 4- 5 -r 4

*V bell compounds could be also used to munufaciurc aulomo- 
tivc fan belts
**Instead of a special skim compound, ii is also a practicc to 
use friction stock as a skim coat.



M O U L D E D  G O O D S

SynaprL-ni; rubbers have many ad\anlages 10 olfcr for
moulded goods compounds. Some of these are ;—

(1 )  U niform ity in raw  polym er properties, curing charac­
teristics and colour,

(2 ) Resistance o f raw  stock to mechanical degradation 
while processing.

(3 ) R elative freedont from  scorch :

R ubber slock m ay have to  pass through intermediate 
processing operations like extrusion o r calendering 
fo r preparation o f the preform . It is very essential 
that the slock must not scorch during the prepara­
tory stage, and also at the time of moulding the stock 
must have sullicient delayed set-up to get a good 
m ould flow during moulding operations. Svnaprene 
rubbers are com paratively scorch-resistant even tor 
highly accelerated stocks to get faster production. Pre­
forming operations by extrusion or calendering for 
ease o f working, faster production and better quality 
can be resorted to, vvilhout fear o f stock setting up 
during these operations.

(4 ) Storage o f preform s or blanks is easier,

(5 )  F or faster production, higher tem peratures o f m ould­
ing can be used without any lo,ss in vulcanizate pro- 
Xwrties,

(6 ) No reversion o r developm ent o f tackiness occurs, evco 
on overcures.

(7 )  Synaprene rubbers have 13%  better heat diffusivity 
than natural rubber, hence in thicker articles, the 
time o f incubation i .e .  time allowance lo be made

i : t



fo r heating up o{ the stock, will be low er in the case 
o f Synaprcne co m ^ u n d s and the dcfects due to  back- 
rinding o r chattering w ill be less.

(8 ) Svnaprene rubbers can be extended with higher quan- 
tilies o f mineral oils to  obtain a low er vo lum e cost 

o f a c o m > « !^ .

Synaprene r u b b ^ s o  offer the following advantages  

regarding vulcanizate characteristics :

(1 )  Better resistance to  deterioration due to oxygon, heat 

o r weathering.

(2 ) Better oil resistance than corresponding natural rubber 
vulcanizates and hence less deterioration due to  any 
accidental contact with lubricating o il o r  grease.

(3,1 Belter resistance to  traces o f rubber poisons like cop­
per ;uid manganese and hcnee better scrvicc life  o f 
highly mineral-filler loaded vulcanizates.

During moulding, various problem s arise and some 
problems are common for all types o f rubbers. T o  over  
come these, the following table shows som e guide lines ;
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DU/5970/F O) (2) (3) (4)

S-I712 100 100 iOO KK>

SRF 50 60 50 “ ■

HAF - - 55

China day - ■ 25 40 25

Whiting - 25 40 ■ 25

Naph. oil 20 25 25 55

Zinc oxide 4 4 4 3

St. acid 1.0 1.0 I.O 1.0

A .O . PBN 1 1 1 1

P. Wax I 1 1 1

CBS 1.2 1.2 1.2 1.25

TMTD 0.2 0 .2 0.3 0.30

Sulfur 1.6 1.8 1.8

S .G . (Acmal) 1.05 1.21 1.29 1.25

Cure @ 152<̂ C 10' 10’ 10’- 10’

T .S. 114 94 80 85

E.B. 575 600 575 450

Mod. 300% 50 42 37 48

Hardness 39 44 44 43

Comp. set% 18.95 33 34 32



(1) (J) (3) (4)

S-1712 100 100 100 100

HAF - 40 — —

SRF 50 - 50 40

30 60
China clay

Whiting - 60 30 60

Naph. oil 10 20 20

Ar, oil - 30 —

Zinc oxide 4 4 4 4

St. acid 1 1 1 I

A .O . PBN I ! 1 1

P. Wax 1 1 I 1

CBS 1.2 1.5 1.2 1.2

TMTD 0.2 0.2 0 .3 0 .3

Sulfur 1.6 1.7 1,8 1.8

S .G . (Actual) 1.06 1.33 1.23 1.34

Cure @ 152°C io­ \0‘ 10' 10'

T ,S. n s 116 84 70

E.B. 580 500 510 490

Mod. 300% 61 53 49 41

Hardness 50 51 52 53

Comp. set% 23.9 28.2 29.8 38.3



(1) (2) (3) (4)

.S-J712 100 JOG 100 100

HAF 25 25 60 25

SRF 25 25 - 25

China clay - 80 -- 80

Whiting - 80 75 J20

Naph. oil 3 10 15 20

Zinc Oxide 4 4 3 4

St. acid 1 1 1 1

A .O . PBN 1 i 1 1

P. Wax J 1 1 1

CDS 1.2 1.2 1.25 1.2

TMTD 0.2 0 .2 0.3 0.3

Sulfur 1.6 1.8 2

S. G. (Actual) 1 .13 1.50 1.33 1.53

Cure @ 1S2^C 10 ’ 1 0 ’ 1 0 ’ 1 0 ’

T .S. 174 75 116 56

E.Il. 500 450 305 385

Mod. 102 46 71 41

Hardness 58 63 57 62

Comp, set % 17.3 38.8 25 42



s h o r e  A -2 h a r d n e s s  r a n g e  7 0 + 5

S-1502 

S-1712 

HAF

China clay 

Whiting 

Naph. oil 

Cuniar 

ZnO 

St. acid 

A.O. PBN 1

P. Wax 1

( 0 (2) (3) (4) (5)

JOO — - ion -

100 100 — 100

55 55 55 55 55

50 50 80 80

__ __ 50 SO 80

5 5 7 5 H)

3 3 3 3 3

4 4 4 4 4

1 1 1 1 1

1 1 1 '

1 1 1 '

CBS 1.2 1.25 1.20 1.2 1.2

TMTD 0.2 0.25 0.30 0 .3 0 .3

Sulfur 1.8 1.8 1.8 2 2

S .G . (AcUlal) 1.X8 1.33 1.41 1.57 1.57

Cure @ 152°C 10’ 10' 10' 10’ 10'

T .S. 187 154 110 104 68

E.B. 360 340 320 255 245

Mod. 300% 150 132 104 _ -

Hardness 72 68 65 75 72

Comp. stt% 27 37 41 42 46



(I) (2) O) (4)

S-1S02 80 80 90 100

S-1958 20 20 10 —

HAF 60 50 50 50

China clay 50 100 50 100

Whiting - - 120 100

Naph. oil 5 5 10

Cumar 3 3 3 ,3

ZnO 4 4 4 4

St. acid I I 1 1

A .O . PBN i 1 1 1

P. Wax 1 1 1 I

CBS 1.2 1.2 1.25 1.2

TMTD 0.2 0.3 0.3 0.4

Sulfur 2.2 2.0 2.2 2.25

S .G . (Aclual) 1.26 1.34 1.62 1.65

Cure @ \52^C 10’ 10’ 10’ 10’

T .S . 182 138 86 91

E.B. 275 300 205 ■ 275

Mod. iOO@ 73.5 62 , __ 39.2

Hardness 83 84 87 79

Comp. set% 36.5 49.6 41 46.8

133



Brake Cylinder 
Cup.

Synaprene 1500 

HAF 
Cuniur 
Ar. oil 
Zinc oxide 

St. acid
A.O. Ketone- amine
A.O. PBN & DPPD

P. Wax
TMTD
TETD
ZDC
Sulfur

S.G-

100

62.5
5
2.5
4

1

1
0.75
0.75
0.30
0.50

Synaprene 1502 

FEF
Pptd. CaCOy 
Cumar 
Naph. oil 
St. ucid
A.O. Ketonc-aminc

P. Wax
TMTD
TETD
ZDC
Sulfur

Heat resistant 
Compound

100

150 

5 
5
1.5
1.5

1.17 S.G.

10’

243
450

67
14

Cure @ 152°C 

T.S.
E.B.
Hardness 

Comp. sei%

Ageil @ l o r  70 /̂ rs. in
a e .b ,

a t ,S . —  1

A H ardaess +  5
Air-ageil @ 125”C f o r  70 lirs. 
Brake Fluid

Cure @ 152'^C 

T.S.
E .li.
Hardness

2
0.75
0.75
0.30
0.50

" ^ 1 .5 2

15'
62

375
65

A ir-aged 1 140^ C f o r  24 hrs.
Nil 

— 16 

+ 6

a t .s . —29

a E .b . —30

A  Hardness —11

A  V +  5.8



Shock Sus^nsion
Absorber Bushing Grooiraets
Bashing

CD (2) (3) (4)

Synaprenc 1502 50 - -

Synaprcnc 1712 70 70 100

NR 50 30 30 —

HAF - 30 25 55

FEF 40 — — —

Naph. oil g 15 15 5

Hard clay - 50 100 50

Zinc oxide 4 4 4 4

St. acid 1.5 1.5 1.5 1

A .O , PBN - I 1 1

A .O . Ketonc-amine I — —

A .O . ETDQ 1 - - —

P. Wax — 1 1 1

CBS 1 1.2 1.25 1.25

TMTD 0.1 0 .2 0.25 0.35

Sulfur 2.2 1.8 1.9 1.8

S .G . I.IO 1.24 1.37 1.33

Cure @ 152°C 10’ 10’ 10’ 10-

T .S. 188 162 133 154

E.B. 425 510 510 340

Mod. 300% 109 117 60 132

Hardness 58 52 56 66

Comp, sel^c 27 31 36 37



steering MM’
B ellows / w h e e l  ^

V  Boot Boot

Pust
'over

Synaprcnc 1712 100 100 100

HA.F 40 25 —

__ 50
SRF

Whiting 60 75 • -

Naph. oil 30 15 20

Zinc Oxide 4 4 4

St. acid 1 1 1

A .O . PBN 1 1 1

P. Wax 1 1 1

CBS 1.2 1 .2 1.2

TMTD 0.2 0 .2 0 .2

Sulfur 1.7 1.7 1 .6

S.G . 1.33 1.28 1.13

vd u re  @ 152^C 10’ 10’ 10'

v t . s . 116 130 114

y E . B , 500 450 575

Mod. 300% 53 62 50
.

..ftardncss 51 54 41

.^^Comp. set% 28.2 28 18.95



AUTO M O TIVE BU M PERS

1 2 3 4

Synaprene 1514 100 100 80 60

Synaprcnc 1958 — 20 40

HAF - 50 50 40

FEF 40 - — —

t[ard clay 60 100 75 100

Ar. oil 30 20 7.5 5 .0

Zinc Oxide 3 3 3 3

St. acid 1.5 1.5 1.5 1.5

PBN l.O 1.0 1.0 1,0

A .O . ETDQ 1.5 1.5 1.5 1.5

P. Wax 1.0 1 .0 1.0 1.0

CBS 0,75 0.75 0.6 O.S

MBT & DPG 0.75 0.75 1.0 1 .0

Sulfur 1.8 l.S 1.75 1.6

S .G . 1.28 1.41 i.37 1.43

Cure @ 152°C 12’ 12' 15’ 15’

T .S. 127 125 141 111

E.B. 605 450 290 265

Mod. 3009o 49 86 —

Hardness 52 67 80 «6



Synaprene 1502 
Synaprcnc 1712 

Synaprene 1958 

RMA IX 
FEF 

' Hard clay

Foot
prdal
Pads

30
25

100

Gaskets
Rubber
Fastner

2

30
30

Ventilator 
Window 

Seal ,
3

45

10
45
30

W ater
s^p

50
30
25

Sofl c)ay 50 50 —

Ar. oil — — — 10

Naph. oil 15 15 15 —

Cumar ~ 10 5

Zinc oxide 4 4 4 4

Si. acid 1.5 1.5 1.5 2

A .O . P8N 1 i 1 1

A .O . ETDQ — — 1.5

P. Wax 1 1 1 1

CBS 1 t 1 —

MBTS — — “ 1.5

TMTD 0.2 0 .2 0. 1 2.5

Sulfur 1.8 1.8 2 .2 0.5

S.G . 1.37 1.21 1.37 1 .19

Cure @ 152°C 10' 10’ 10’ 10’

l . S . 138 139 86 161

E.B. 590 560 475 500

Mod. 300';'( 56 55 61 71
Hardness 55 53 65 56

Air-a(>cd @ 70°C f o r  168 hrs.
a t . s . —12 — 15 —18 —20
a e .b . —22 —24 —22 — 13
^  Hardness + 6 + 4 4- 4 + 2



Synaprenc 1502 - 80

Synaprene 1712 100 —

Synaprcne 1958 — 20

FEF 45 50

Hard clay 120 120

Naph. oil 15 10

Cumar — 5

Zinc Oxide 4 4

St. acid 1.5 1.5

A .O . PBN 1 1

P. Wax 1 3

CBS 1.2 1.2

TMTD 0.2 0.3

SuUur 2 2

S .G . 1.45 1.47

Cure @ 152^^0 r 10'

T .S. 61 97

E.B. 325 2S0

Mod. 300% 56 —

Hardness 58 83

Tear S. 21 40

Air-aged @ 70®C f o r  70 hrs.
A  T.S. -i- 3 ■+■ 3

A E -B . —18 — 16

A  Hardness + 3 Nil



Synaprcne 1500
Synaprene 1502
Synaprenc 1712
RMA-IX
HAF
SRF
FEF
CA. Silicate 
Hard clay 
Barytes 
Whiting 
Ar. oi!
Nfaph. oil 
Zinc oxide 
St. acid

ftuifer
Spring

25

Laboratory
Bottle

p o p p e rs

100

30
70

50
3

10
1

10
4
1

Valve
Ball*

55

100
50

10
3
1.5

Stereo
Plate

100

30
30

A .O . PBN 1 — 1 —

A.O . SP. - 1 .5 — 1.5

P. Wax — — 1
1.2CBS 0 .8 1

MBTS ■— 1.6

TMTD 0.2 „ — 0.2

DPG — 0.4 *—

DEC — 2 —

Sulfur 2 1.75 2 1.8

S ,G . 1.28 1.27 1.61 1.22

Cure @ 152'^C T 10’ 30’ 20’

T .S. 193 72 102 175
E.B. 565 650 320 240
Mod. 100% — — ■ — 49
Mod. 300̂ /o 44 23 87 —
Hardness 64 57 67 61
C«mp. set% 1 38.6 37.7 —

•Valve-Ball compound is used for floats of water storage tanks.



t

RINGS

Synaprene 1502 ^  100

RMA IX —

Hard clay 60

Act. CaCO.j 40

P. Oil 5

P. Jelly
Zinc oxide 3.5

St. acid 1

A.O . SP. 1

P. Wax 2

MBTS —

TMTD —

TMTM 0.75

Sulfur 2.5

TiOo & Colour qs

Red Oxide 1

, S , G . 1.42

Cure @ 141°C 20’

T .S. 40

E.D. 400

Mod. 300% 30

Hiirdnuss 61

Teat S. 30

Tension set % 19

Comp, set % 28

Air-aged @ lO^C f o r  168 hrs.
A  T.S. +  3
a e . b . —25

A  Hardness +  2

fOPPER CAPS

50
50
75
75

3
2

10
I
1

1.5
0.5

1.5
qs

1.59

10 ’

78
425

52
64
47

37

—52 
-^ 1  

+ 5



Trolly 
,  Wheel

Soliti
/ y res*

Castor

Synaprene 1500 
Synaprcnc 1514 
Svnaprcne 5958 
RMA IX 
HAF 
FEF 
Barytes 
Hard clay 
Ar. oil 
Naph. oil 
Cumar 
P. Jelly 
Zinc oxide 
St. acid 
A.O. IPPD 
A.O. PBN & DPPD 
P. Wax 
MBTS .
CBS
DPG
Sulfur

S.G .

Cure @ 141 °C 
T .S .
E.B.
Mod. 300%
Hardness 
Tear S 
Comp, set 7c

Atr-aned @ 70°C f o r  168 hrs. 
A  T.S.
A E .B .
A  Hardness

50 100
80

— 20

50 —
45 30 60

30
__ 100

15 15 200

10 10 —
__ 100
__ 10

2

3.5 3.5 4

2.5
1
1

2.5

1

2

1

1 

1 .1

1

1.2

1
1

0 .2 0 .3 —
2.1 2.0 7.5

i . n 1.20 1.93

10' r 25’
210 180 72
500 380 90
108 140 —
60 68 95
66 88 41
24 47 38

hrs.
— 9 — 8 ■f30
—24 —38 —37

-r 2 + 6 4- 1
----------- ----------- --------— —

•Commercial solid tyres for hand drawn vehicles. The com­
pound can be cheapened by 200-300 parls mineral filler wilh 
10-15 parts oil and 3-4 parts additional sulfur.



R ubber Jo in t Rings are used as sealing or gasket 

material for jointing all types o f pipes like water mains, 

gas mains and drainage. The pipes may be o f conerele, 

vitrified clay, cast iron, steel, plastics, pilchfibre and asbcs- 

tos cemcnt.

Indian standard (I S . 53 82-1969) have laid the com­

mon specifications to r gas mains, water-mains and sewers 

but these have been divided into two types.

(a ) T ype lA ,  IB, 1C  and ID : rings o f natural or synthe­

tic rubber o r both, not resistant to oil o r solvent.

(b ) T ype 2 A . 2B . 2C  and 2D  : rings o f synthetif .rubber, 

resistant to oil o r solvent.

’ Synaprene rubbers offer higher safety against scorch, 

required fo r pre-extrusion o f solid cords. M oreover this 

higher safety also allow s longer time fo r mould-flow to 

overcom e joint failures and imparts thin flash giving a 

better finish.

Synaprene rubbers are  p referred  fo r low  compression 

set at room  tem perature and as well as at high tempe­

rature. Excellent ageing characteristics could be achieved 

b y  using very  low  sulfur.



d u /2571

Sy-naprcne 1502 

SRF
Naph. oil 
ZnO 

Si. acid 
A .O . SP. 
TMTD 
Sulfur 
ZDC 
TETD

S.G .

1 2 3 4 5

100 100 100 100 100

40 50 60 70 SO

15 10 5 5 5

A A 4 4 4

1.5 1.5 1.5 1.5 1.5

2 2 -) 2 2

0.75 0.75 0.75 0.75 0.75

0.50 0.50 0.50 0.50 0.50

0.50 0.50 0.50 0.50 0.50

0.75 0.75 0.75 0.75 0.75

1.12 1.15 1 .18

Cure @ 163” C 

T.S.
E.B.
Mod, 30f)9o 
Hardness,
Comp, set % 25% deflection 
@ RT for 72 hrs. 6 .9  
5@ 70‘̂ C for 72 hrs. 12.9 12

Air-aged ^  70"C f o r  7 
A  T.S. - 7 - 4  Nil
A E .B . ” 18-5 - 2 0
A  Hardness + 2  ___

10' 10’ 10' 10’ !0'

(25 153 161 159 150

590 550 430 410 330

50 75 101 108 129

45 52 61 64 67

.0 8.3
12.3

— 5 

+ 3

7.2
12.4

Nil 
—23 

+  5

7.4
12.7'

— 16.5

1



»- R AIL PA D S

A  good exam ple o f vibration and shock isolaiion for 
better ride and com fort is the use o f rail pads on railway 
sleepers which arc being progressively used by our Rail- 

“  ways. R ail pads are placed between rails and bearing 
plates on railway tracks. They are some times called 
‘G rooved sole plates’ . M oulded rail pads are manufac­
tured in three sizes.

T he Indian R ailw ays have put down draft specifi­
cations o il “ G rooved sole plates”  and to  meet these speci­
fications, the following three compounds w ere developed 
in  o u r laboratory. The compounds w ere specially designed 
to  meet the stringent requirements on electrical resistance, 
crushing test, relaxed modulus, compression set and age­
ing characteristics.

N OTES ON M IX IN G  A N D  ITS E FFECT  ON E LE C­
T R IC A L  P R O PE R T IE S ;

R einforcing carbon blacks are essential fo r every high 
relaxed m odulus but the selection o f carbon black, its 
quantity and dispersion during mixing, are very im por­
tant from  the view point o f electrical resistance. B y tak ­
ing large-scale factory  trials, w c have found that 30-45 
phr S R F  is a safe level to  gel electrical resistance o f the 
o rd er o f 10 “ ohms-cm. Higher amount o f reinforcing fur- 
nacc blacks bring down electrical resistance very  fast be­
cause o f lim itations on dispersing efficiency o f mixing 
m ills B aiibury mixings w ith even 50  phr H A F, gives 
electrical resistance uplo lOt” ohms-cm. on rail pads.

T o get the best dispersion as well as the highest possi­
ble physical properties, a m asterbatch o f Synaprene 15 0 -  
and S R F  should be made. Keeping the masterbatch o v .r-  

7 ^  n ^ h t and refining on a tight nip w ill fu rther improNC 

>- dispersion.



R A IL  P A D  C O M P O U N D S

DU/4470/A

Synaprene 1502 
Synaprcne 1958 
RMA JX
SRF
China day 
Naph. Oil 
Zinc Oxide 
St. acid 
A.O . PBN 
A.O. IPPD 
MBTS 
Sulfur 
Sulfasan R

20 
20 

■ 60 
30 
40 

2 
4 
2
1.5
1.5  
2.7  
0.33  
2.0

65
10
25
45
25

1.5
1.5
2.7
0 .33
2.0

60
20
20
30
40

U.5
1.5
2 .7
0.33
2.0

Cure;— 20' at 150°C (S mm Ihickness rail pad)

-------- -- - 1 2 3 Specs.

T .S. 165 153 143 120 (min.)

E.B. 375 400 390 250 (min.)
1C0% Relaxed 33.6 31.6 34 30-50
modulus
Hardness 70 67 69 65 (min.)
*Comp. sciC-r 26 24 26 30 (max.)
'Electrical 68X10 22X10 25X10 1X10
Tcsisiancc, Ohms-cm

Air-aged @ lOO^C f o r  96 hrs.
7c T .S. retained 95 90 85 (70)

7c E.B. retained 87 80 70 (6U)

% Change in modulus-?-9 +  18 4- 16.8(+40°'o Change)
Change in hardness +2 -r 3. + 3
Crushing curvc test Satis­ Satis­ Satis­

factory factory factory

r

ALL PROPERI IHS WERE EVALUATED ON RAIL PADS

♦Corap set % 
24 hours.

50% deficction on original 100®C tor



F L O O R  T IL E S

R ubber fioor tiles p lay an im portant role in interior 
decoration as well as in industrial floorings. They offer 
better accoustic and  non-slippcry properties and also 
minimise the floor weight o f the  building construction. Be­
sides im parting m oderate chemical resistance they also  
give fa irly  good clectrical insulation o r if required anti­
static properties.

Synaprene rubber floor tiies have the following ad­
vantages.
( 1 )  Better heat and abrasion resistance as compared to 

natural rubber.
(2 )  Higher m ineral filler loading capacity, as tiles are  

m ade “ dead” .
(3 )  Lesser succeptibility to copper and manganese con­

taminations and henco a  longer service life.
(4 )  B eautifu lly coloured tiles can be obtained from  Syna- 

preno 1502  at low  cost.

O O R  T IL E  A N D  A D H E S IV E  C O M P O U N D
Competetive Superior Adhesive*

Synupreno 15Q2 100.0 TS-C —
Synaprono LI 13 — —
Synaprojic 1958 — ‘’O-O —
F.DC 3X -  -  50 0
Al. Silieafe — -0-0
Cal. SilicMc 20.0 -  30.0
Hard clay 250.0 100.0 -
l,ight MgO 30.0 20.0 -
Ppld. CaCO,. )50 0 — —
Cumai 10.0 10.0 -
Zinc O.'cidc 10.0 5.0 30.0
St. Acid 1 .0  1 0  —
P. Oil 2 0 1.5  -
P. Wa.K 13.0
Niiph. Oil —



1.5 1.5 ”
i.O 0.75 —
0.25 0.25 —
9.0 3.0  —
0.5 0.5  —
1.5 1.5 ~

qs qs —

■reaeii\-e phenol formaldehyde resin,

PF-rcsin (H N R )*
CBS 
D o ro  
TMT 
Sulfur 
NDPA 
A.O . SP.
TiOo & colour 
*PF Resin HNR is hes
(1 )  The adhesive recipe is mixed on (he m ill w itli 10 phr 

phenolic HNR resin only.
(0 ) The balance o f phenolic resin (4 0  p h r) is dissolved  

in a  small quantity o f  ‘Bcntol’ t ,  a  m ixture o f toluene  
and benzene m the approxim ate ratio  o f 7 0 ; 30  to 

give a solids content o f 30 % .
(3 ) F loors on which rubber tiles a re  to  be fixed should  

be dry. clean and d irt free. N ewly la id  wet and dam p 
floors should be avoided. I f floo r surface is o ily  o r 
greasy suitable solvent should be used fo r  cleaning.

(4) Laym g lines should be m arked out p re ferab ly  starting  
from  the centre o f the room , and the tiles should be 
trimmed to  give jo ints having m inimum dcarance. 
I f need be a  ‘wood planer’ can be used to  square the 
edges o f the tiles.

(5 ) F loor tile  adhesive should be applied on the floor 
surface as well as on the tile  by a soft brush giving a 
thin coating o f the same.

(6 ) T he adhesive is allowed to  d ry  till the solvent has 
evaporated and the adhesive at is suRicicnlly tacky.

(7 ) The adhesive coated tile is then laid on the surface  
with a  little  pressure and after covering a  small floor 
area w ith the tiles a  heavy steel ro lle r is passed over 
several times.

(8 ) A fte r  all the tiles a re  laid they should be rolled down 
uniform ly atleast once.

t ‘Bcntol’ is a mixture of benzene iind toluene.



P E N C IL  ER A S E R S
It m ay be said that the consumption o f erasers is a 

m easure o£ literacy in a country. A s  the percentage of 
literacy goes up, the demand to r erasers increases. Low  
niooncy rubbers such as Synaprene 1513  are recommended 
fo r eraser compounds, but properly compounded Syna- 
prcne 1502 can also give excellent results.

T he essentials fo r a good eraser are :
( 1 )  It should be inexpensive.
(2 )  It should not stain and abrade the paper.
(3 ) Erasure o f the pencil m ark should be faster.

Keepiiig in  mind the above characteristics, the follow ­
ing recipe has been designed fo r pencil erasers. Difficulty 
in  m ill mixing w ill not be encountered it the following 
procedure is adopted.

( 1 )  F irst add pptd. CaCOa & liglit MgO.

(2 ) A d d  white factice.
(3 ) A vo id  cutting the rubber-band during mixing.

Synaprene 1502 1 0 0 , 0

Pptd, CaCOg 60.0

Whiling 2 0 0 . 0

Light MfiO 2 0 . 0

White factice 325.0

Naph. oil 60.0

P. Jelly 25.0

7inc Oxide 3.0

SI. acid 2 . 0

MBT 2 . 0

UPG 2 . 0

Sulfur 7.0

A .O . SP. 1 . 0

TiO., & colour qs.

Cure: 15’ at I60°C (5 mm thick)



r u b b e r  t o  m e t a l  b o n d e d  m o u l d e d  g o o d s

. Synaprene rubbers could be bonded easily to metal 
using 'the reclmiques sim ilar lo  those used fo r  bonding  
natural rubber to  metal. Bondabifity Indiccs o f Natural 
rubber and SB R  w ere considered low er than those 
o f acrylonitrile and polychloroprene rubbers. But after 
the introduction o f proprietary special bonding agents, the 
bondability indices o f acrylonilriie, polych loroprene and 
SB R  arc considered alike, whereas that o f N atural rubber 

is considered slightly lower.

T here  are four methods o f bonding Synaprene rub­

bers to  metal :
(1 )  Brass plating and Cadm ium  plating.

(2 ) Ebonite bonding.
(3J Isocyanate bonding.
(4 )  Proprietary special'bonding agents like Cycliscd  

rubbers, Halogenated rubbers and R ubber 
H ydrochloride cements.

1 . Brass Suitable Synaprene rubber com ­
pounds, when .vulcanised under pressure in direct contact 
with brass o f suitable composition (C u 6 5 -7 0 % , Zn 35- 
3 0 % ), give an  effective rubber to  metal bond. The 
strength o f the bond is 'o f the o rd er o f 4 0  kg/cm -. The 
metals which can be electroplated with brass and used fo r  
bonding to  Synaprene compounds are :

Iron, cast o r m alleable. Steel (C arbon p referab ly  
below 0 .5 % )  Stainless steel. Copper and C opper alloy.s. 
Zinc and Zinc alloys. Bronze, Alum inium  and its alloys. 
Tin and Nickel.

The strength o f the bond is not seriously alTccled 
even upto 100°C  and the bond can withstand dynam ic or 
impact stresses.



Synaprene com t»unds with normal sulphur (2  to 
3phr) can be bonded by this method, Sulfurlcss or low  
suKur compounds do n(^ give satisfactory bonds.

The bond strength is affected by the degree o f cure. 
Slow accelerators like ZM BT* give good bond strength 
at shorter cures while semi-ultra and ultra accelerators 
give better bond strength on longer cure.

H owever, overcures will diminish the bond strength. 
The method oE bonding with the help o£ brass plating has 
some drawbacks. A  special electroplating facility is neces­
sary and ve ry  critical controls are required at all stages 
during the manufacture, to get consistently uniform  
results as the plating conditions porosily and surface 
stress o f the metal deposit determine the adhesion. Cur­
rent density, composition o f the plating bath and the 
tem perature o f the plating bath all affect the bondabilUy 
o f the plated surface. Cadmium plating is also getting 

popular. -

2 Ebonite Bom liiig: Ebonite compounds give satis­
factory  bonds with metals like i r o . i f  steel, zinc and chro­
mium (but not with copper, lead and certam varieties of 
brass o r  bronzes) on one hand and with soft rubber com­
pounds on the other hand. Hence a soft rublw r com ­
pound can be bonded to  the metals with the help o f an 
interm ediate layer o f ebonite compound. A t  room tem­
perature, a  bond strength o f about 35 to 50  kg, cm- can 
be obtained. H ow ever, the strength o f the bond rapidly  
deteriorates with increase in temperature.

T he following precautions will achieve better ebonite 

bonding ;
(a"! Long cures are required for curing o f the ebonite;

*ZM11T is found to imparl highest bond slranglh with brass- 
plating system.



(b1 A lleast 3nmi thick ebonite layer has to  be used; 
,c )  The ebonite interlayer is brittle and hence likely  

to  crack under sudden stresses, unless prolectcd  
by a  sufficient thickness o f soft rubber. Because 
o f these reasons, this method o f bonding is not 
used tor small parts and is restricted to  applica­
tions where the articlc has a thick rubber section 
and is intended fo r norm al room  tem perature use 

e .g . trolly wheels.

i .  Isocyam ie Bonding : This is by fa r  the most 
widely used bonding method and gives Synaprene rubber 
to  metal a bond strength o f about 70  kg/cm 2. The 
method of bonding Is discussed in details in subsequent 

pages.

4. Speciality Bonding Agents-. Cyclised rubber, halo- 
genated rubber and rubber hydrochloride cem ents are  
widely used as proprietary bonding agents. F o r  bonding  
po lar nibbers to  metal a  single coat o f prim er gives good 
results on bond-strength. But fo r  non-po lar rubbers, tw o  
coat systems having .a  prim er coat fo llow ed by secon­
dary coat is essential.

(a ) Cyclised rubber cements : These cem ents give a  
bond strength o f the order o f 30-35 kg/cm “. H owever, 
the cements a rc  therm oplastic and hence the bond strength 
fa lls rapidly as the tem perature is Increased.

(b ) H alogenated rubber cements : These are used by  
a  two coat method. The first o r prim er coat consists o f  
a  m ixture o f chlorinated rubber and red lead dispersed  
in an arom atic solvent. A fte r drying o f the first coat, 
a  solution of vulcanising type o f po lychloroprene com ­
pound in arom atic solvent is applied as a second coat.

(c ) Rubber H ydrochloride cements : This is by fa r  
the most .satisfactory and popular cement used.
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A ll these ccments can be used fo r bonding rubber lo  
melal using steam, hot w ater o r hot a ir fo r vulcanising 

purpose.

R ecently other bonding agents like epoxy resin based 
cements, H examine Rosorcinol-Silica (H RH ) system and 
other proprietary chemicals have been developed.

M E T A L  SU R F A C E  PR E PA R A T IO N  ; C lean surface 
is o f vital im portance in getting a  good bond. The first 
treatm ent given to  the m etal part is degreasing to  remove
o il o r grease from  the surface o f the metal. I f the parts 
are  too  greasy, they are autoclaved under direct steam  
foliovfed by vapour degreasing with chlorinated hydro­
carbon solvents o r  solvent treatment with petrol, solvent- 
naphtha o r other aromaUc solvents. Steel parts can also 
be treated with alkali solutions to  rem ove grease.

A fte r  this the metal parts are cleaned free o f rust 
scale dust and other foreign m atter b y  scoring sand or 
shot blasting, vapour blasting (sand blasting m a jet of 

‘ w ater) o r simply by wire-brushing, polishing with abra­
sives o r  machining dqjending on the size o f f t e  metal 
part and the equipment available. A  chemical m e th ^  
like pickling in acids is also used and sometimes both the 

methods are em ployed.

M ild  steel parts are pickled in dilute hydrochloric acid 
and thoroughly rinsed w ith cold water. Traces o f acid are  
rem oved b y  dipping the parts, m 4 %  am monia solut o 
and the parts a re  again thoroughly washed m watcr^ 
M ild steel parts when treated by this m e t h o d ,  get rusted 
ve ry  rapidly, especially in  humid atmo.sphere Hence thuy 
should be used as early  as possible fo r further process.

Other methods o f pickling o f m ild steel parts are, 
.  to  use 1 5 %  phosphoric acid o r chrom ic acid soltition 

A fte r  washing b y  cold w ater and drying, these parts
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be treated further w iihout any danger o f rusting and offer 

very strong rubber to  m elal bond.

Stainless steel, Niclcel and M onel metals should be  
pickled in chrom ate solutions. A lum inium  parts should 
i e  either anodised o r pickled. Brass parts should be p ick l­
ed in conc. Nitric and Sulphuric acid solutions with ZnO. 
Galvanised iron should be treated with 1 5 %  phosphoric  
acid @ 7 0 'C fo r only tw o minutes. B ronze and coppcr 

should be brass-plated.

(1 )  PreparaUon o f chrom ate pickling soliiiion :

Sodium dichrom atc 1 2 .5  pbw
Nitric acid (conc.) 2 2 .5  pbw

(2 ) Preparation o f Conc. acid pickling sohilion :
Conc. N itric acid 100
Conc. Sulfuric acid 100  cc
ZnO 8

The following table sum marises the treatm ent fo r  

various metals & alloys.
Metal Treatment

1. Mild S te e l  Pickle in HCl or 159& phosphoric
and chromic acid pickle.

2. Aluminium Anodizing or pickling in solution
3. Brass (U  chromate. Conc. Acid

p ick le .
OR

(2) Ammonium persulphate etc.
4. Galvanised Iron 45% phosphoric acid @ 70°C for

2 m inutes.
5. Magnesium Chromate pickling for 1-2 minu­

tes @ R.T.
6 . Chrome plated nickel,

monel and stainless
steel Chromate pickle.

7 . Coppcr and Bronze  ̂ To be brass-plated.
8 . Zinc Etch with dil. MCI and carefully

neutralise.



M ETHOD OF ISO CY A N A TE  BONDING

A fte r the metal surface preparation, the metal parts 
arc again given a  solvent swipe, before applying the bond­
ing agent to  rem ove any traces o f oil. The two coats, 
the prim er and the tie coats bSsed on isocyanate agents 
are  prepared in the following manner and a  coat o f each 
is applied to  the prepared metal parts.
Prim er coat : A  thin coat o f the following solution;

1 pbw 2 0 %  Isocyanate solution 
1 pbw 15%  .solution o f chlorinated 

rubber in toluene.
Tie coat :

\  thin eoat o f 2 0 %  Isocyanate solution. The tie coat 
should be applied about 20 minutes after the application 
o f the prim er coat. H alf an hour after that the metal 
parts arc ready to r further process. Isocyanate bonding 
agents a re  v e ry  susceptible to  moisture and decompose 
in contact with moisture, water and alcohol. Therefore, if  
the coated metal parts are not to  be used immediately fo r

* moulding, then a third very thin coat o f the rubber stock 
which is to be bonded, is applied by dissolving the stock 
in petroleum  solvent, to  prevent the effect o l atmospheric 
m oisture on the isocyanate bonding agent. Such coated 
m etal parts could be stored fo r as long as 6 to  8 hours 

before use.
W hile using p ropric lary bonding agents it is a  

practice to  apply a  prim er coat and then a tie coat. 
AN TI-BON DIN G A G E N T S ; In order to facilitate Ihe 
cleaning o f metal surface and the rem oval o f excess rubber 
on the motal parts w here bonding is not required, the 
usual practice is custom ary to  paint the surface with, 
antibonding solution such as chlorinated rubber in toluene 

o r cellulose acetatc in acetone. ^
* M O U LD IN G  : In designing o f transfer moulds care has 

to  be taken to  avoid wiping out o f the adhesive by the

155



r i L r i r r r / » r r : ^ " . v “
b e L  o^^ervcd that the effidcncy o t heat tran sfer through

characteristics.
F or the best rcsuUs, the rubber stock to  be mou ded 

should be fresh and fres  from  any bloom . M oulding tem ­
perature should not be above 141°C .

During the m anufacture, bond failures rtiay occur and 

the reasons fo r such failures could be as fo llow s.

TO CEMENT FAILURE 
C orrec tiv e  a ction

1) Use fresh compound, lo­
wer down thu iicccloration 
level or change accelera­
tor type, keep check on 
Ihc storage life of com­
pound.
Apply multiple coats.

TABLE 28 : RUBBER
Cause

1) Precure of rubber stock

2)

3)

4)

2) Too thin a coat of bond­
ing agent

3) Bloom ■ or migration of 
ingredients

4) Low moulding pressure

5) Contaminations of ccmenl- 
coated metal parts by oil. 
grease nr dust

6 ) Procure of bonding agent

7) Incorrect moulding cycle 7)

Use compatible ingre­
dients or rcblciul stock. 
Check mould pressure and 
'jî ms of leakage. Increase 
weight of blanks.
C.heck unbonded metal 
parts for contamination. 
Avoid overspray.
Curing cycle should be 
made at fast curtitivc levels 
or use lower moulding 
lemperatare.
Keep chcck on platen 
temperature and cure rate 
of eompoLind.



8 ) Cement rubber 
patibility

incom- 8 ) Try other bonding agent.

TABLE 29 :
Cause

1) Poor metal surface prepa­
ration with oily or pow­
dery residue

2) Too short a lime allowed 
for solvent-evaporation

3) Wiping-off of the bonding 
agents by the flow of the 
compound past the metal 
during moulding

4) Precure of bonding agtnt

5) Trapped air forced thro­
ugh bonding agent film

6 ) Destruction by solvents 
from protective paints and 
rust preventives applied 
after bonding

CEMENT TO METAL FAILURE** 
C orrectiv e a ction

1) Keep check on degreasing 
method or use suitable 
alternate cleaning method.

2) Increase time or tempera­
ture between application 
and moulding.
Prepare proper blanks, 
use better primer coal.

3)

4) Keep check on bonding 
agent & speed up coating 
process.

5) Improve mould ventila­
tion.

6 ) Avoid ketone based painis 
and preventives.
Avoid dissimilar metals in 
abrasive cleaning.

: left over••Cement to metal failures are usually marked by 
clean mclal surface.

Syuaprenc 1500  and 1502 arc preferred when higli 
resilience is required in  the products. Synaprcne 1712  is 
not considered to  be so suitable fo r this application be­
cause o f an y likely m igration o£ oils to  the bondmg layer 
during service. W here damping characteristics arc desired 
e.g. im pact bumpers and vibration dampers, Synaprenc 

15 13  & 15 14  are  preferred.



Low set compound 
fo r Bonding

/
Synapreuc-1500 

RMA-IX 

HAF 

FEF 

Ar. oil 

Naph. oil 

Cumar 

Zinc oxide 

St. acid 

A .O . ETDQ 

A.O . PBN & DPPD 

P. Wax 

MBTS 

TMTD 

Sulfur

S .G .

Cure 141 

T .S.

E.B.

Hardness 

Comp. sQl%

100

30

30

/

2 .5

2.5

3.5

2 .5

1.5 

I

1

1.5

2 .5  

0.5

1.17

10'

220

350

Aii(o engine 
mount

50 

50

40 

7

7 

10 

2

1.5  

1 

1 

1

2.25

1 .14

30' 

180 

600 

49



V A R IO U S H ARD N ESS CO M PO U N D S  
FOR M ET AL BONDINGS

( 1 ) (2 ) (3) (4)

Synaprcnc-1500 50 25 70 50

RMA-iX 50 75 30 50

ISAF 30 - — _

HAF - - 30 50

FEF - 30 30 —

Pptd CaCOg _ 40 — ' —

Ar, oil 4 7.5 2.5 4

Naph. oil 4 7.5 2.5 4

Cumar 4 7.5 2.5 4

Zinc oxide 3.5 3.5 3.5 3.5

St. acid 2 2 2

A.O. ETDQ 1.5 1.5 1.5 1.5

*A.O. PBN & DPPD 1 1 1 1

P. Wax I I 1 I

MBTS 1 0 .8 1.25 1

TMTD - 0.1 — —

Sulfur 2.25 2.4 2 . 1 y  T

S .G . 1.09 1.23 1.16 1.14

30'
Cure H l'C 30’ 30’ 30’

T .S. 238 192 203 237

E.B . 700 550 470 580

Hardness 52 58 62 61

- No,e-. For thick rubber section, the zinc oxide Icvd ^
increased (lO-JO phr depending on the thickness of Ihw 
rubber section.



Synaprene rubbers o ffer m any advantages in (his Held 
o f application. T heir uniform ity, freedom  fro m  fore.gn 
I t  d e l "  kc dust o r  bark; scorch-resistancc; °  '
C n g  during storage o r cure and the poss,b ,h ty o t  he 
X k a b i l i t y  o f the scrap after repeated w orkm g are the 

prim e advantages.

A m ong the Svnaprene rubbers. Synaprene 1513  and .  
1514  have best extrusion characteristics and give extru- 
d a t »  w:th excellent surface finish. T he " f -  g r^ n  
strength o f Synaprene 15 13  and 15 14  perm its trou b le  tree  
S g  o f the e L t td e r  even w ith a  highly extended com ­

pound.

T o gel high extrusion rates it is advisab le to use a  
mixed loading o f the carbon b lack  F E F  and C lay- H-gher 
the green strength o f the  com pound, higher is the ex ru- 
sion rate. W ith  such m ixed loadings, even a t tlie  low  ^  
level o t the carbon black, it is possible to  get sm ooth .  

extrudates w ith lo w  die swell.

F or good extrusion ra le  and finish, it is p refcrab le to  
use naphthonic oils to  arom atic oils. E ven at high levels  
o f loading, iiaphthenic oils give a  ve ry  easy processing  
stock. Paraffinic oils w ill give ve ry  fast extrusion rate 
and best surface finish, bu t these can be used o n ly  to . a 
limited extent because o f their limited com patibility with  
rubber and their adverse effects on physicals.

Som e production problem s, which arc  com m on ro  
compounds from  all elastomers, are di.scusscd below.

troubt.e s  a t  th e  e x t r u s io n  s t a g e

( 1 )  Porosity in the raw  extrudate ; T his occurs when 
the back pressure is too  inadequate to  expel the  air 
in the stock. This m ay be due to  i") too  soft stock o r  ii)
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insuflicient feed rate due to  screw “ biting off” the feeding 
strip o r stock sticking to ttie screw. In the latter case a 
light dusting with talc o f the feed strips helps to overcome- 
the problem , iii) use o f too large a die on a small machine. 
A s  a  rough guide, the total cross sectional area o f the 
solid portion of the extrudate should not be more than 
l/ 4 th  o f the cross-sectional area o f the barrel.

(2 ) Poor Knitting : This defect is found while extru­
ding tubular sections from  stiff compounds. The defect 
m ay not becom e apparent at green stage, but the vulca­
nised product easily tears o ff along these faulty lines. This 
defect can be over come 1) by increasing the distance bet­
ween the die and the spider, by using a longer pin and 
an extension piece; ii) by use o f resins, like Synar 240 or 
cum ar o r iii) by use o f a  slightly w arm  barrel 40 -45”C. 
[n case o f so ft compounds, increase in back pressure at 
the  die w ill help.

(3 ) Torn edges : This is due to  low green strength 
because o f insutlTicient loading o f reinforcing materials. 
Loading with mineral fillers, addition o f tackifying resins 
like Syn ar 240, cum ar o r alkyphenol formadehyde resin 
also helps rem ove this defect.

(4 )  Rough surfaces : They are due to i) improper 
m astication o f natural rubber; ii) im proper blending of 
tw o polym ers; iii) pre.sence o f la rg a  aggregates o f ingre­
dients remaining undispersed; iv) presence o f scorched 
■particles in the feed stock o r the stock scorching in the 
extruder barre l o r in a  drad zone aroung the die, and 
v ) duo to low  die temp. Scorching difliculties will be lcs.s 
w ith Synaprene compounds. H owever, it is always advisii- 
ble to refine Hie scrap before adding it to  a fresh batch 
to  avoid an y contamination o f the scrap by foreign parti- 
cles o f sand etc.



t k o l b l e s  o b s e r v e d  a f t e r  c u r e

( ] )  P u n m l y .  T h is  ib g e n e ra lly  duo to -slow rtca in  
nressuro b u ild -u p  resu ltin g  in  slow er set up  o f th e  s t i .tk  
fn T p cn  steatn  c L .  P resence o f e x e c s .v e  m c s tu r e  ,n the 

m in e ra l fille rs  c an  a lso  ca u se  such  troub le .

(2) su'cm, m arks: If a w ater trough is being used 
for cooline o f the stock, it is advisable to allow  the ex- 
trudate to  dry thoroughly before charging .nto the vulca- 
niscr It is also advisable to  use d ry  steam and fit steam  
traps 10 avoid accumulation o f condensed w ater near the 
rubber article during cure. W ith d ry  dusting o f^ h e  extru- 

date, this defect is seldom encountered.

(1 )  Kuiiah .■,urjucc: .All natural rubber soft com ­
pounds arc generally prone to  this dctect. If the com ­
pound is not fast setting enough o r  if the steam pressure  
build-up is too slow, the  particles o f the supportm g filler 
e .g . talc get embedded into the article and afte r clean­
ing, form  pit-marks. It is advi.sablc to  use a d ry  talc  
lightly loaded into the tray, as the supporting mcdmm.

(4) Sagfiins nr coUajimig : W hen Synaprcne rubber 
are  bleitdcd w ith natural rubber, tlie problem o f sagging 
during vulcanisation is not acute. Increasing o f secon­
dary accelerator o r booster sagging is controlled. F or ex­
trusion with very low hardness stocks. Brown factice helps 
prevent sagging. Even special rubbers like S -1009  (p a r­
tially cross-linked hot SB R  grade) o r superior processing- 
N R  (SP R ubber) can be used to solve this problem .
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Trunk Lid Door Weather Filler
Seal Seal Strip Cord

1 2 3 4

Synaprcne-1502 60 50 50 -

'Synaprcnc-1513/1514 - — — 70

NR 40 50 50 30

FEF 2« 30 25 30

Soft clay 30 - 60 2 0 0

Whiling 30 40 60 2 0 0

Naph oil 2 0 2 0 2 0 40^

Br, Factice 15 2 0 15 10

Zinc oxide 4 4 4 4

St. acid 1.5 1.5 1.5 1.5

CBS 1 . 2 1 . 2 1 . 2 1.30

* 'IMTD 0 . 2 - 0 . 2 0.30

DPG 0 . 2 0.4 -

Sulfur t , 8 2 . 2 2 . 0 -) ">

A .O . SP. 1 1 1 I

P. Wax 1 1 1 I

S .G . 1.24 1 .18 1.35 1.75

Cure @ 152*^0. 8 ' 1 0 ’ 8 ’ 8 -

T .S. 124 138 92 39

E.B. 575 600 425 300

, Mod. 300% 51 62 81 39

Hardness 45

163

49 55 67



, 1  Beading.Q' Channel gasket
WaJer
Tuhine

Synaprene-1502
Syiiaprene-nn

MR
FBF

China clay 

Ppted CaCO^ 

Naph. Oil 

Papiffinic oil 

Cumar 

Br. Facticc 

Zinc oxide 

St. acid 

CBS 

DPG 

TMTi:> 

Sulfur

1.0

0.5

2.0

1 .25

0 .4 0

2.0

1 2 3 4

' 50 — —

70 — 80 ion

30 50 20 —
20

30

100 40 15Q 200

20 60 — 40

20 15 30

__ 25

3 3 2 5

10 15 20 —

4 4 4 4

1 .5 1 .0 2 1

1 .4

0.2

0. 2

1.2

0 .3

0 .3

2 .5

A.O . SI>. 1 1 1

PBN - — — 1

P. Wax 1 ' 1 2 t

TiO., & Colour - qs qs

S.G . 1.36 1.33 1.41 1,61

Cure @ 152°C 1 0 ’ 1 0 ’ 1 0 ’ 15'

T .S. 85 91 78 61

E.B. 550 560 500 600

Mod. 300'‘/o 58 61 63 42

Hardness 52 55 60 6 8



Synaprenc-1502 
RMA-JX 
Red Reclaim 
Hydrated Silica 

Hard day 
Whiting 
PpUl. CaCOy 
Naph. oil 
P.̂  jelly
Brown facticc 

Zinc oxide- 
St. acid 
A .O . SP.

Hitth Grade 
yTubiiig

Commercial Transjnscent 
T)rt)ing

50
50

30
60
60
15

20
4
1.5
1

40
40
40

n/

160

10
5

20
5
1.5
1

100

0.5
1.5

P . wax 1 2

CBS
ZMBT
TMTD
DPG

1 . 2

0.4

1.4

0.3

I

0,4

DEG
v S u lfu r

TiO^
Colour

2 . 2

qs
qs

2 . 2

2.5
qs

2.4

S .G . 1.54 1.47 L it

Cure @ 152°C 

T .S.
E.B.
H a r J r i c s s

T
76

590
53

r
44 

490 
 ̂ 53

15’ ^  
97 

600 
62



Synaprcnc-1502

RMA-IX

CR
Hard day 
Light MgCO^ 

pptd. CaCO.  ̂
Naph. oil 
Zini; oxide 

St. acid 
A.O . SP.
A.O. ETDQ
P. wax
MBTS
TMTD
DOTG
Sulfur
TiOo & Colour

S.G .

Cure @ 152- 
T.S.
E.B.
Mod. 3QQ% 
Hardness

50 1 0 0 50

50 — —

_ 50

75 75 75
— 3

75 75 75

5 1 0 10

4 4 5

1.5 1.5 1

0.5 0.5 0.5

1 . 0 1 . 0 1 . 0

2 2 2

1.5 1.5 —

0.25 0.25 1 . 2

__ 1 . 2

1.75 1.75 1.5

qs qs qs

1.50 1.50 1.55

2 0 ' 2 0 ' 2 0 -

117 12 1 83

525 575 400

_ _ 52

63 67 65
______

NOTE; 1) Natural rubber is included to increase the kink 
resistance.

2) Only dark shades of colour arc possible because of 
staining nature of the antiozonanr.

3) Brown Faclicc upto 20 parts can be added to 
improve further the extrusion characlerisiics.

4) Polychloroprenc & Synaprene blends olVer advan­
tage of controlled inflammability.



/ •
EXTRUDED RUBBER SECTION S OF 

DIFFERENT H ARD N ESS (BLACK)

1 2  3 4 5 6
S-IS02 _  _  — — 50 —
S.15W 80 — 40 — — —
S-1712 -  90 -  50 -  70
R M A  20 10 60 50 50 30

FEF
Hard ciay

20 20 20 20 35 35
40 130 120 150

Whiting 2 0 0 250 40 - - 50

Naph. oil 60 60 25 2 0 25 35

Brown factice 2 0 2 0 2 0 — 15 15

Zinc oxide 5 5 4 4 5 4

St. acid 2 2.5 1.5 1.5 2 1.5

A.O. SP 1 — 1 — 1

PBN — 1 — 1 — I

P. wax 1.5 1.5 1.5 3 2 1.5

CBS 1.5 1.5 1 . 2 1.5 1.5 1.35

DPG 0.25 0.25 — — _

TMTD 0.25 0.25 0.3 0.3 0.4 0.35

Sulfur 1 - 8 1.7 2 . 2 2 ■> 2 2 . 0

S.G . 1.48 1.54 1.26 1.44 1.38 1.50

Cure @ r r 1 0 - r r 1 0 ’

I52^C
T .S. 31 31 101 108 114 66

E.B. 430 540 410 560 390 315

Hardness 49 43 54 53 68 64

n o t e : Compoands wUh Syn.prcn. H12
Dii; swell of Ihcsc compounds rf properly mixed \cry
low.

i  Part of mphthonic oil, chu advanlageomly bo replaced
by parafTmic oil for bc.er cx.rusion ch.,racer,s.,cs.



W IR E  & CABLE

O H hat t c r f w  m e is t r e l
t o m  obic^tionablc foreign l« rtic le s  like sand o r bark. 
The presence o f such impurities iii lli£ com pound iicces- 
* a te s  frequent shutdowns o f the extruder fo r c caning 
" r i e  to the clogging o f such particles a , the d.e- 
orifice The quulitv o f the finished cable is also unpaired  
and electrical faults dCTclop at the spots w here such parti­
cles occur in the product. The plasticity o f the com pound  
has to  be controlled within narrow  limits to  get consis ent 
d L n s io n a l uniform ity. F or good d im e ,.io n a  s,abih y, 
the compounds must have excellent scorch resistance and 
should exhibit no tendency to  sag duruig storage o r cure.

SY N A P R liN E  R U BBERS O FFE R  M A N Y  

a d v a n t a g e s :

The rubbers are uniform  in quality and free  from  
foreign impurities. They being resistant to  mechanical 
breakdown, the plasticity control is easy. T he com pounds 
exhibit excellent scorch resistance and being less therm o­
plastic than natural rubber, the extrudates exhibit less 
tendency lo  dcshapc during storage o r cure.

W here there is no positive take oft fo r the cable, the 
cable extrudes due to  the frictional drag o f the extruding  
rubber compound. Because o f greater frictional d rag  of 
Synaprene compound at the orifice, cable extrusion rate  
will be taster with Synaprene compounds.

Cables are expected to  give a long service life  and  
therefore rubber compound must have a very good resis­
tance to ageing. Synaprene rubber vulcani/ates exhibit 
superior age resistance com pared to  that o f natu ral ru b ­
ber compounds. Synaprene 1514  is an ideal Synaprene  
rubber for this application. In addition to all the common



advantages ot other Syiiaprene rubbers Synaprcne 1514  
ofEcrs the specific advantage ot excellent extrusion cha- 
ractcristics (hcnce better finish) and enhanced age resis­
tance due to its low er m olar unsaturation (Natural 
rubljer: Synaprenc 15 14 : ; 100 :6 0 )

F or white sheathing compounds the pale consistent 
colour o£ Synaprcne 1502  and Synaprene 15W  wiU mean 
w hiter products with less loadings o f whitemng pigments 
like titanium dioxide o r lithopone, and a uniform colour 

in the product.

Specification IS 434 allows the use o f Synaprcne 
rubbers in any proportion in sheathing comjxiunds.

Synaprcne 1502  and Synaprcne 1514  have excellent 
electrical properties and can be used in insulation com­
pounds fo r low voltage cable (250/ 440V ).

E specially on copper conductors. Ihc mhcrendy high 

resistance o t Synaprcne m bbers to  coppcr "
areat advantage. In fact a copper salt copper diethyl 
dithiocarbam ate, is used as accelerator in Syn^pren^ 
pounds. Com pounds from  both rubbers show v e ^  tow 

T atcr absorption (less than 1 .5  mg/cm^ f  of
immersion in w ater). One o f the mam 
Synaprcne rubbers is Uie low  w ater absorption characte 
ristics which arc retained even on prolonged ageing. 
c" n t r L r t o  natural rubber compounds which exhibit p » -  
nounced water-absorption on ageing and consequent d a t-  

rioration in clectrical insulation capacity.



CABLE COMPOUNDS FOR C V  C U R ^
Insulation Sheathing

V

S-I514
S-1502
RMA-IX
Hard clay
Talc {1st quality)
Zinc oxiJc
Act. CaCOs
Cumar
Naph. oil

I
30

70
40
40
15
60
1
3

30
70
90
20
15
40

50
50
50
50
15
40

4
KKl

80
20
15
25

3
5

St. acid 0.75 1 1 I

Antioxidunt DNP 0.5 — —

A.O. PBN I.O — —
A.O. SP — 1 1 \

P. wax 4 3 3 3

CBS — — I —

MBTS 1.25 — — 2.5

MliT & DPG — 1.5 —
IMTD 2.5 — 0 . 2 2 2.5

lETD — 0.4 "" —
ZDC — — G.22 —
Sulfur 0 .3 0.75 0.95 0.3

TiO. — 1 0 10 10

Blue colour batch — qs qs qs

S .G . 1.51 1.59 1.58 1.53

Cure Ct\ H P C 1 0 ' 1 0 ’ UY 7‘

T .S. 126 12 1 1 2 0 119
E.U, 450 450 570 625
>lardncss 65 6 8 6 6 6 6

A ged  1 2 0  hrs at 80®C »>? air
A  T.S. — 8 — 17 — 1 2 — 2 0

A  E .ll. — 1 0 ~ U — 1 2 — 2 0

A  Hardness — 3 + 3 +  2 +  1

♦Continuous Vulcanization.



SYNAPREm  CABLE SHEATHING COMPOl NDS 
■^OR PAN CURED CABLES

Syniiprcnc-1514 

Synnprcnc-1502 

Hard clay 

Taic (1st Quality) 

Zinc oxide 

Act. CaCO.

Cumar 

Naph. oil 

St. acid 

A .O . SP.

P. wax 

MBTS 

I BS 

IMTD 

ZDC 

Sulfur 

TiO„

Colour

sTcT

Cure at 

T.S,

E.B.
Hardness 

AgnI 130 hrs i  
A  T .S.
A E.B.

1 2 5

ino 100 —
_  —  100

90 60 80

_  60 40

15 15 15

25 20 20

10 5 5

10 10 10

2 1 1

i I I

3 3 3

2.5 — —

— 1.5 1 . 2

0.5 0.25 —

— 0.4

l.O 1.5 1.4

10 10 10

qs qs qs

1.50 1.54 1 .?:

30’ 30' 30'

124 99 89

775 725 830

5S 60 59

; ill air.
+ 2 — 5 — 5

—14 —19 —15

171
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EVALUATION  O F C U R E  S Y S T E M S  F O R  
PAN  CU RED  SVN A PR E N E  C A B L E

Base r c d p e

Syniiprene 
Hard clay 
Talc (1st quality) 
Act. CaCO„
Zinc oxide 
TiO.,

S .G .

MBTS
CBS
TMTD
ZDC
Sulfur

Cure at 141 

T.S.
E.B.
Hardness 
Permanent set
Aged 120 hours at 80 '̂C in air

ion Naph. oil 10

50 Cumar resin 5
50 St. acid 1

2 0 A .O . SP 1

15 Paraffin wax 3

10 Curatives as below
---------- 1.4Q

” 1 . 0 1 . 8 —

1 . 0 1.5 1 . 2

_ 0.3 0.25 —

1 . 0 _ 0.4

1 . 2 1.4 1.5 1.4

30’ 45' 30' 30’

95 98 104 1 0 0

775 825 810 800

58 59 60 59

16 16 17 18

A  T.S. — 5 — 3 — 7 — 5

A  E.B. - ^ 1 0 — 1 2 — 14 — 13

ZMBT 4 — —
1.5MBT & DPG ~ 2 1 .a

TMTD 0.15 — 0 . 8 0.4

Sulfur 1.25 1.25 0.75 1 . 2

Cure @ 14T C 45' 45’ 30' 30'

A  T.S. 83 1 0 0 96 96

A  E.B. 950 925 750 850

A  Hardness. 5S 59 62 60

Permanent sci % 15 14 13 9

A ged  1 2 0  hours ai SO'̂ C Ml air
A T .S. — 4 — 7 _  1 — n

A  E.B. —16 14 — 7 — 1 2



Butyl rcciaim compounds without curativcs arc pre- 
fcrred as cable-fillers fo r heavy duty cables. The con­
struction o f m ulticore insulations fo r such cables leave 
voids and gaps and to  fill it up, cabte-fillers o r ‘Inner 
sheath’ (as per I .S .  1545 part 1 -1964) materials con­
taining unvulcanized rubber o r thermoplastics could be 
used to  minimise ‘Corona resiMance and give circular 

shape too.

F or muhicore cables. Ihe individual cores are laid up 
and then surrounded by common covering applied either 
b y extrusioa o r wrapping with a  ‘F iller or Inner s e a  
m aterial. A  proofed o r plastic tape may be. aPP''«l ^  
the  common covering. W hile using a wrapped common 
covering, the circular shape of a  cable should be ensured.

Synapreno 1513 , when properly compounded, offers 
™  excellent substitute fo r butyl reclaim compounds. In 
blends with S -1958  the compound offers the folloum g  

advantages.

(1 )  Excellent age resistance and
poisons found in the cheap mineral h lla s  us.d . 
even in unvulcanized state.

(2 )  Excellent extrusion characteristics even when 

ve ry  highly loaded.

(3 )  T he compound can be conveniently extrudLd on 

the plastics extruder.

T ypical form ulations are given on page 174



^ C A B L E FILLER C O M P O U N D S

DU.M37I 1 2

S-1513 - 70

S-I500 70 —

S-1958 30 30

SRF 50 50

Whiting 275 275

Talc 150 150

DBP 5 5

Naph. oil 10 iO

St. acid 3 3

P. wax 7 7

S .G . (Actual) 1.69 1 .69

Mooney viscosity at 1 0 0 with small rotor.

after 5' 79.5 60.5

1 0 ’ 77 58

15‘ 75.5 57.5

2 0 ’ 75 57.5

Rale of extrusion on U ”
extruder at 50 rpm. cms/min.
<0.75 cms diameter soh'd rods) 326 . 47H

Electrical resistance ohms/
! .  8 mm thickness. 1.9X10J'



Hoses va ry  widely in range of typc_s, sizes and appli­
cations.

Hose-slructure consists o f three parts :

( 1 )  Tube o r Lining : Its function is to cciivey the 
material, mainly fluids. G enerally lube is extruded for 
hoses upto 8 cm. diameter and for hcses of greater dimen­
sion it is built-up from  calendered sheets. Tube stock 
must have good extrusion characteristics, sufficient green 
tack fo r building up operations and good green strength 
in cases where hose is braided vertically without mandrels.

(2 ) Carcass : It gives the .strength to the hose against 
rupture duo to the pre.ssure c r  suction c f the fluid beni" 
conveyed. In our country wrapped ply o r braided cons­
truction fo r carcass is common. The number of plies 
depend upon the desired maximum pressure a hose is 

required lo  withstand.

’ The bursting pressure in kg cm - can be approxi­
m ately calculated fo r wrappcd-ply construction (Hoop 

force m ethod) as follow  :

Bursting 2 .2 6  X  S X N 
Pressure "

D
where; S f-abrie tensile

N ~ Number o f plies 
D Mean ply diameter

F or braided hose, & knit type reinforcement the 
bursting pressure could be also calculated.

For details refer Appendix.
F or suction hoses it is custom ary to use additional 

w ire reinforcemnts. This prevents collapse o f the hose 

during use.



(3) C over ; It p ro tix ts  ilic  carca is from  llio exter­
nal intlucnce during the scrvicc and storage. T he cover 
is applied on to  the carcass by cross extrusion o r b y  hand. 
C over compounds are designed fo r slightly low er hard­
ness than the tube compounds and should have good tack 

and green strength.

Uniform ity ajid freedom  o f the rubber from  extra- 
neous impurities, scorch safety o f the com pcim ds. good 
age and weather resistance and overa ll physicals o f the 
vukanizates make Synaprene n ibbers highly suitable for 

this field.

Synaprene 1500, 15 14  and 1 7 12  a re  m ore advanta- 
geou,sly used in tliis application. High loading o f m ine­
ra l fillers is common in these compounds. Synaprene 1712  
gives low er visco.sity com pounds and low er vulcanized  
hardness compounds at equivalent loading m aking the 
fabrication easy and giving a m ore flexible hose. It has 
been found that tensile strength below  150  kg/cm - are  
obtained as best economics if  based on 1712 -H A F -C la y  
Oil compounds. W here a high green strength is required, 
e .g . in a hose tube to  be braided on vertical machine, 
Synaprene 1514  is m ore, suitable. Synarene 1 7 12  in blend 
with Synaprene 1958 can also be used. Synaprene rub­
bers are m ore resistant to  swelling b y  o ils than natural 
rubber. Hence, Synaprene air hoses are  less susceptible 
to  damage by oil mist in compressed ' ' 'I air.

A  hose consisting o f tube, carcass and co ver has to 
function as one coniix>site unit and adhesion between the 
three components is vital. Adhesion in the finished hose  
does not depend on the initial green tack on ly , it also  
depends on the viscosity o f the com pound, pressure ap ­
plied during cure and the cure-characteristics o f the com ­
pound. .A delayed onset o f cure gives better results.



Synaprcnc lube and cover compounds containing 
lackifym g resins have adequate building tack. Replacc- 
mcnt o f a  part o f fhe polym er (20-30% ) by natural 
rubber also gives saUsfactory tack. The following pro­
portions o f these polym ers m the various components 
o f hose compounds can be used. O f the two, system 

B  is m ore practicable.

S B R : N R  PROPORTION  

SY ST E M  A  SY ST E M  B

T ube

Friction

C over

80 : 20  100 : 0

20  ; 80 0  ■ 100

80 : 20  >00 : 0



V Tube
Cover

Abrasion
Resistant

Cover
Normal

Synaprenc-1712 60 6 0 60 95

RMA-IX 2 0 2 0 2 0 —

WTR 40 40 40 1 0

HAF - - — 1 0

FEF 2 0 30 40 —

Hard clay 2 0 0 150 1 2 0 275

Whiting 1 0 0 1 0 0 60 75

Kaph. oil 25 25 25

Ar. oil _ - - 25

Zinc oxide 4 4 4 4

St. acid 2 2 2 2

A .O . PBN 1.5 1.5 1.5 1 1

P. wax 1 1 1 1

CBS I 1 1 1

TMTD 0 . 1 O.I 0 . 1 0 . 1

Sulfur 2.5 2.4 •> 1.65

S.G . 1.69 1.63 1.53 1.77

Cure 152"C 30' JO­ 3()' 30'

T .S. 49 SS 72 54

E.B. 310 300 360 600

Hardness 72 73 6 8 69



Synaprenc-1500

Synaprcne-1712

Synaprene-1958

RMA-IX

WTR

HAF

Hard clay 

At. oil 

Naph. oil 

Cumar 

Zinc oxide 

>St. acid 

A .O . PBN 

P. Wax 

CBS 

TMTD

vSulfur

' S .G .

DDATTwrt WATPP HIGH PRESSX3RE
b r a i d e d  w a t e r  b u ^ j d e d  s p r a y  

/ h o s e  ---------
V-

Hish
pressure

Low
pressure

HOSE

Tube Cover

Cure @ 152°C 

T .S .

E.B.

Hardness

67.5

12.5 

20

67.5

12.5 

20

40

20

20

40

30

20

60 50 40 40

l75 240 120 120

— — 10 10

8 8 -

6 8 - —

3.5 3.5 4 4

2 -I

j 1

2

1
1

0.5 0.5 1 1

1 1 0.9 0.9

0.1 0.1 O.l 0.1

1.75 1.75 2 2
__________ -----------

1.58 1.68 1.44 1.44

30' 30’ 20' 20’

86 60 94 96

405 450 — —

74 74 69 63



/
WELDfS'G HOSE 

Tube Cover

Vacuum Feed Pipe 
Brake for Loco-
Hose motive

Synaprene-1500
Synaprene-1712
R^fAJX
HAF
FEF
Hard clay 
Whiling 
Ar. oil 
Naph. oil

80
20

40
220

80
20
45

150

12.5

Bitumei] 2 0 1 0

Cumar 7 5
Zinc oxide 4 4
St, acid 2 2

A .O . PEN 1 1

P. Was 2 1

CBS 1.5 1.4
TMTD 0 . 2

DPG 0 . 2 _

Sulfur 2.25 2 . 2

S .G . 1 . 6 6 1.55

Cure @ 152°C Itf 1 0 '
T .S . 84 92
E .B . 450 490
Hardness 74 67
A ged @ 70°C fo r  150 hrs.
A  T.S. _ _
A  E.B. —
A  Hardness —
A ged  @ 121^0 /or __
2  hrs in steam.

IBO

3

80

3

4

1
0 .5

15 ’

134

715
54

+  1 
—<40
+  4

80

20
80

1.37

4
1
1

1 .5 .

1 .47

20’
146
475

68

— 12
—24
+  5

— no lacki-^ 
ness or cracks.



Synaprene-1712
^RMA-IX

WTK
SRF
FEF
Hard clay 
Whiling

* A t. oil 
Naph. oil 
Bitumen 
Cumar 
Zinc oxide 

St. acid 
A .O . PBN 

Wax 
CBS 

i TMTD
i DPG
^ Sulfur

s Tg .

Cure @ 152°C  

T .S.
E.B.
Mod. 300% 
Hardness

RADIATOR
HOSE

2

BOILER 
WASH OUT 

HOSE 
3

fA T .S .

a E .b .
A  Hardness

1 0 0 50 80
__ 2 0

— 1 0 0 —
1 0 0 25 —
— _ 30

30 50 150

30 50 —
— _ 5

25/35 5 _

1 0 5 —
_ — 5

3 3 4

1 1 2

1 1 1

1 1 1

0 . 8 0 . 6 1 . 2

0 . 2 0 . 2 —
__ — 0.3

2 2.5 1.7

1.36 1.42 1.53

2 0 ’ 2 0 ’ 30’

83 59 89

400 300 460

6 6 59 —

57 60 70

days'.
— 1— 7.2 — 1.7

— 2 0 — 2 0 — 2 0

+  7 + 1 0

181



Sponge rubber generally means rubber wilh communica­
ting cells or open cells. Sponge rubber is manufactured by 
partially loading the mould with rubber stock containing a gas 
release agent and curing in press or in open steam. In India, - 
generally, dinitrosopentamethylcne tetramine (DPT) type of 
blowing agents are used. Tlie specific gravity o f the product 
depends on the degree o f loading.

To get a product with low specific gravity raw- stocks must 
have very low viscosity. For this purpo.se, natural rubber has 
to be peptised by prolonged mastication. .Synaprcne rubbers, 
inherently, have a low viscosity which can be frtrther reduced 
by proper loading of softeners. Very high loadini; of oils 
(even 80 phr) are possible in Synaprene rubbers without making 
the stock sticky and difficult to handle.

To get good sponge, careful balance in curing characteristics 
is required, A  delayed action set up. to allow the gas libera­
ted to inflate the stock fully before any set up occurs, follow­
ed by a rapid cure rate to avoid the collap.se o f the sponge 
is necessary. It is very easy to achieve above balance cha­
racteristics in Synaprene rubbers.

Preforms in moulded sponge products should be liberallyT
dusted with talc to avoid any air entrapment. The mould
should have air vents at proper places. It may sometimes be 
necessary to place a piece of talc dusted fabric below the 
top-plate to allow air to escape through the fabric. Mould 
closmg pressure must not be high and should bo just sufficient 
to ensure proper contact of the hot plates with the mould.

Addition of 10-15 phr sponge crumbs are found useful in 
giving uniform expansion to the product. In open steam cure.
If a low steam pressure is used in the beginning followed 
by ^gh steam pressure, a product with low density is obtained.
r to wilh an air pressure

of 25-30 psi. to get a good skin on the products.
To get a uniform dispersion of blowing agent it is advis-

able o make a dispersion of the blowing agem in the oil. Aging 
the stock atleast for 1 2  hours after the addiUoii o f the blowing 
agent and rehning before use. is recommended

Low Mooney SBR-like Synaprere 1513 is prelcired for'^



>/  Black Coloured Sponge Padding 
for door

J Sponge Sponge Armrest handle
V 1 2 3 4

Synaprcnc'i502 — _ 1 0 0 100

Synaprcne-1513 1 0 0 1 0 0 —

FEF — — 40 30

SRF 30 — —
Cal. Silicate _ 15 — —

■Whiting 80 80 1 0 0 1 0 0

Naph. oil 70 70 60 75

Zinc oxide 5 5 4 4

St. acid 2 2 3.5 4
1A .O . SP — 1 1

A .O . PBN 1 — ~
P. Wax — — 3 3

MBTS 3 3 ""
1.5

CBS - - — 1.5

Sulfur 4. 5 4. 5 3 3

NaHCOo 14 14 —

f DPT 3 3 3 3

Retardcr TSA — — 0.5 U.5

Starch 2.5 2 .5 —

TiO„ & Colour qs

Cure @ 152-C*. 25* 25’ 15’ 20'

m'o
0.37

35%
0.29

509?>
0.73
2.0

33%
0.44
0.44

0.27 0.11

Mold loading (vol.)
Blown S .G .
Stress for 50% 
compression kg/cm- 
Stress for 25%
compression kg/cm  ̂ ----  ----------------------- -----------------------
.‘  For" co'nvounTN o.'l. 2, the cure lime U for P  .hicknoss,
but tor compound No. 3 aud 4 the thickness .s 1/- .
NOTE- To get low specific gravity (Blown), 4 phr oleic M id  

Ind IS phr NaHCO^, should used for compound No.

3 and 4.



/
EXTRUDED SP O N G E  CH AN N ELS

1 T  3 't

S-1502 75 — — — —

S-1514 — — 1 0 0 — —

S--1712 - 1 0 0 — 1 0 0 75

RMA-IX 25 — — — 15

WTR — — — 2 0

FEF 30 15 15 50 25

Soft clay 2 0 15 1 0 0 — 80

Whiting 2 0 1 0 0 60 25 80

Ar. oil — — — 30 —

Naph. oil 40 25 50 — 30

Curaar — — — 5 —
Brown faclice 2 0 15 15 — IS

Zinc oxide 5 4 4 3.5 4

St. acid 4 5 5 3 5

A .O . SP. 1 . 5 1.5 1.5- —
A .O . PBN — — 1.5 1

P. Wax 4 3 3 1 3
CBS 1.5 1 . 2 1 . 2 1.5 1

TMTD 0.5 0 . 1 0 . 2 0.25 0 . 1

Sulfur 2.5 2.5 2.5 1.5 2.25
DPT 2 2.5 2.5 2.5 2.5
Retarder TSA — ~ 0.5 — 0.75
Retarder NDPA — 0.5 “ - -

S .G . (unblown) 1.15 - 1.4 1 . 2 1.5

Cure at 40 psi 30- 40’ 60’ 60’ 60'
S .G . (blown) 0 . 6 0.64 0 . 6 0.55 0.79

-  -  (f



T o m ake the termikoit rings soft to feel and light in 

weight a  central coro o f vulcanized rabber sponge is 

used. The core is generally extruded and vulcanized in 

open steam. T he top  cover is then moulded onto this 

core. The only physical properties desired are low  den­

sity and resistance to  compression set at low  cost.

/

Synaprcne-1712 

Red reclaim 

Hard clay
60Whiting 

Naph oil 

Zinc oxide
4

St. acid 

A .O . PBN
3

P. wax
I

CBS
0.3

t m t d
2.5

SuUur

Retarder NDPA
3

DPT
qs

Red oxide

S .G . (unblown)
1.38

Cure in open steam at 40 psi 

S G of blown product



EBONITE

Sviiaprene rubbers are used in the m anufacture o f 
hard-rubber o r ebonite goods. T he principal advantages 
are :

( 1 )  Less exothermic reaction and heiicc less likelihood o f 
blow-outs and distortion during cure. A lso , com plete 
elimination o f porosity in  the product.

(2 ) Higher yield tem peratures and lo w  plastic yie ld  at 
higher temps.

Rubbers Yield temp. <>C

Natural rubber 80°C
SBR 1500 or 1502 90- 95=C
SBR (1514 & 1513 type) 100-110°C

A ll  compounds at 4 7  p h r su lfur icvd .

(3 ) High oil swell resistance and high swell lim e ( i .e .  
longer time required to  sw ell).

volume Swell in liquids %
Type Petrol Benzene NUrobezene Carbondi-

sulfidc
Natural rubber Ebonite — 62 27 83
(54 phr. Sulphur)
SBR Eboniic 0 . 1  1.5  0 .2  32
(59 phr. Sulphur)

(4 ) Low  dielectric loss at higher temperature?:. Power- 
factor and hencc dielectric loss o f an ebonite based  
on natural rubber increases v e ry  rapid ly as  tlie yield  
point is approaching. Synaprenc ebonites (especia lly  
Synaprcne 1513  & 15 14  ebonites) a rc  not o n ly  elec­
trically superior to  natural rubber ebonites a t room  
tem perature but, also retain their good properties to  
a  still higher tem perature owing to  their high yield  
temperature.



I
(5 ) Ebonite compounds shrink in volume during the cure.

(6 %  volum e shrinkage {or new rubber +  sulfur). 
Ebonites based on natural rubber, when curcd to  
“ ebonite stage”  in the mould, are m arred by the ap­
pearance o£ “shrink m arks” on the product. Syna- 
prene ebonites are not susceptible to  shrink m arks 
when cured under similar conditions.

Chemical resistance and impact strength o f Synaprene 
Ebonite is belter than that oE N R  ebonite. However, 
cross-breaking strength o£ N R ebonite is superior. Impact 
strength could be im proved by the addition o£ small quan­
tities o f polychloroprene o r butyl rubbers (3-5 phr.)

SY N A P R E N E  SEMI-EBONITES ;

W hen the sulfur level in natural rubber compounds 
is increased progressively, the vulcanizatcs show ni.minum 

physical strength and poor
12^/ combined sulfur (rotten rubbcr-stage) and then the 
i t e X  progressively improve (leathery stage) with

( Fbonite stage). N ot only Synaprene rubbers do not exhi 
intermediate stages but their

outstanding. They are  as iw  . ,  15 2 - c  and

T al^ te  obtain^^'in ^ a c t i v e  bright

resistance arc  not required.



/
steering Wheel Toilet Mine
Coloured Black  Rods Seat Batteries

S-1513/1514
Synaprene-1958
RMA-LX
CR
FEF
Hard clay
Whiting
OiJ. Silicate
Ebonite dust
Bitumen
Ar. oil
Linseed oil
Cumar
Zinc oxide
MgO
St. acid
iMBTS
TMTM
DOTG
DPG
Sulfur
TiO,

S.G .

1
’20
80

50
100

Cure @ ]52°C  
(press)

Post-cure @ 40 psi 
Open Steam

2
60
40

10
100

150

100 100

20
4
5
2
1.5

1.5  — —

5
qs

1.60

15’

1.5
20

i.65

12
100

20’

50
2.5

— — 30 — —
— — — — 40
— 20 — _  —
20 — — — _

10 — —

— —  6

1.5
40

1 hr. 2 hr.* 4 h rs. — 2  hrs.

‘ Step cure : @ 20 psi for 1 hr.
@ 30 psi for 1 hr. further.
@ 40 psi for 1 hr. further.
(Selected as an alternate)



Less scorch hazard o f the compounds and better 
resistance oxidative ageing and metal poisons com­
mend Synaprene rubber fo r this use. The Non-staming 
rubbers Synaprene 1502, 1513  ands 1514  are preferred 

fo r this use.
T o obtain a  high adhesion strength between the 

Synaprene skim coat and the fabric, it is ^
an  a L h o r  coat based on natural rubber 
this procedure it is possible to  get an adhesion strength 

as high as 3 ,5  kgsi/2.54 cms.

-------- coTQDOund Attchof-coat or

for DT cloth Friction

Synaprene-1502 50
50 1 0 0

RMA-1 0.25
pcpliser

150
150

—
Soft clay 60
Whiting

50
1 0

5

—

Pptd. CaCOy 3
Maph. oil —
Cumar 2.5
W. rosiD * 5
Zinc oxide

4
2

1.5
St. acid 1.5

1.5

1.5
A.O . SP. —
p . wax 1.5 O.l
CBS 0.4 —
DPO

0 . 2
O.l

ZDC 3 2.5
Sulfur
Cure in hot air (S 130°C. >



/
/  GROUN D  SH EETS

Synaprene-J502 

KMA-1 

Soft clay 

Cumar 

Zinc oxide 

St. acid 

A  O. PBN 

P. wax 

MBT 

TIV4TD 

ZDC 

Sulfur

S.G .

100

40

5

4

1

0.75

0.5

1.0

0 .2

0.5  

1.65

1.J9

40

5

2

0.75

0.5

0 .6

0 .2

2 .0

1 .19

Cure in hot air @ nO 'C  60 minutes.

Adhesion between plies, kg/ineh. Unaged 3 . 5

Aged ISO hours @ 90»C. Kg/inch 2



M A T S AND M ATTIN GS FOR AUTOM OTIVE  
y  INDUSTRY

M ailings arc norm ally calendered with the help of 
design rolls. A t limes they arc backed by jute fabric. 
M olded mats are also used. M any a times these mattings 
are vulcanized on formers. Synaprcne rubbers help to 
im part sufficient thcrmoplasticity for the forming ope-

ration. _____ ______ _
Good quality Medium quality 

DU/0871 Coloured Coloured Black Black

100 80

Economic
quality

Synaprcne-1502
Synaprcne-1712

WTR
Red reclaim 
SRF
Soft clay 
Whiting 
Naph. oil 
Cumar 
Bitumen 
Zinc oxide 
St. acid 
A .O . PBN 
A .O . SP 
p . Wax 
MBT

T Sulfur
TiO^ & Colour

s.a. (ActujU)_ 
l4 l ° C

150
100
IS

3

100
200

80
40

30
100
200

50
100

20
100
200

3.5
1.5

1

1
0 .4
2.25

qs

Cure
T .S.
E.B.
Hardness

' 20’ 
61 

475 
71

10 10 10

3 — —
5 5

3.5 3.5 3.5

1.5 1.5 1.5

__ 1 1

1 — —
2 2 2

0 .9 0 .8 0 .8

0 .4 0 .4 0 .4

2 .5 3 3

qs —

1.77 1.65 1,7

20’ 20’ 20’

35 42 23

300 350 210

69 6 S 75



/  AN T IST A TIC M A T

Bynaprene-1500 1 0 0

ISAF 60
At. oil 8

Zinc oxide 3.5
St. acid 2,5
A.O . PBN 1

A.O . ETDQ 1.5
P. wax 0.5
CBS

1 . 2

TMTD
0 . 1

Sulfur 2.25
Glycerol*

2 . 0

a . c .. 1, 15

Cure @ 152®C
1 0 ’

T .S.
184

E.B.
325

Hardness 69
Electrical resistance (on surface)

Dry (megohms)
1.67

Wet (megohms)
0.56



ROLLER COM POUN D S

Rubber rollers both o f soft rubber and ebonite, are 
widely used in textile and paper industries. Sytiaprene 
rubbers can be blended with natural rubber to  improve 

. the calendering characteristics ot the compound. A ddi­
tion o{ Synaprcne rubbers w ill also overcome any ten­
dency o f tha compounds to  revert during the long cures. 
Synaprene 1513  and 1514  are preferred fo r this app ica- 
tion In the manufacture ot ebonite rolls, Synaprene 1513 
or 1514  can completely replace natural rubber. The ad­
vantages ot these ebonites are ;

( 1 )  less evolution ot exothermic heat during curing 
to  ebonite stage with consequent less danger of

blow-outs. ,
(2) The yield point ot Synaprene rubber ebomte is 

higher than natural rubber dbonite and hence 
Synaprene rubbers are better suited for use at

and the relative freedom  o f their compounds from  scorch

« ? o ^  c o m i^ u n d . _

\ O ) L ow  ‘Plastometric set’ o r the
 ̂ completely between each cycle o f contact.
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/ OFT RUBBER R O LLER  C O M l’O U N D S

COVER COMPOUNDS 
80 SH SH

30 50

70 50

120 150

Synaprene-1513/1514

RMA-IX

liard clay

Red iron oxide

Zinc oxide

Magnesium oxide

Cumar

St. ^cid

A .O . PBN

M BJS

DOTG

DPR-5

Sulfur

S .G .

5 

10

6 

2 

1

1.5

0.3

5

1.49

10

2

6

2

1

1.5

0 ,15

6

1.56

Ebonite
Base
Stock

50

50

10

’'2

1

1.5

40

Cure in  open steam; 1 inch thickness; one hour at cuch pro­
gressively increased steam pressures of 20, 25, 30 and 40 psi.

NOTE: For greater thickness, the accelerator dosage will have 
to be reduced and cure time correspondingly increased, A  
solution of the base stock in petroleum solvent should be 
applied to the corc and then after evaporation of the solvent, 
layers of the base slock should be applied. Petroleum solvents 
can be used for revival of surface tack. Howcscr, due carc 
•should be taken to ensure that all solvent has evaporated before 
buiUUng up the roll.



Cover
Compound

S-1514 

RMA-1 

Soft clay 

Gal. Silicate 

Zinc oxide 

Mag. oxide 

Linseed oil 

MBTS

1

100

150

2

50

50

150

Base
Stock

3

Solution 
for core

4

IDO

20

20

10

5

DPG 1.5 1.5 1.5 —

Sulfur 30 35 45 2 0

Carbon black 2 2 2 —
_ 20

Rod oxide

S .G .

Cure 1" thickness in dircct steam.

STEP-CL’RES

2 0  psi 

20 psi 

30 psi 

40 psi

60 minutes 

60 minutes 

6 0  minutes 

60 minutes



FEF
Hard clay 
Pptd. CaCO..
Al, Silicatc 
Light MgCO^ 
Cumar 
P. Jelly 
Zinc oxide 
St. acid 
A.O . SP 
MBTS

' mist

TMTM
Sulfur

TiO^
^ G .

Cure @
T .S .
E.B.
Hardness

Typewriter Koll
ioo

/ CO
50
50

10

7

10

1.5
1.5 
1
0.5

20

>Nriiigor Koll

40'
121
50
90

150
50
25

10
5
5
I
1.5
1.5

0 .6
2.5 

15

1.79

10'
57

550
68

T Y P E W R IT E R  R O L L ;
A  prelim inary slep in ihc m aiu ifaclure o f lyp cw riicr  

roils is extrusion of Ihc raw  slock in ihc fo rm  o f lubes. 
Extrusion o f slifF iiigh hardness com pound is diHicuU. 
There is a considerable rise in Icnipcraturc o f the slock  
and hcncc a constant danger o f scorching o f the slock. 
But Synaprenc conip<.iunds can he extruded w ithout 
trouble because o f Iheir re lative ly high scorch safety. 
W R IN G E R  R O LL :

W ringer rolls are prepared by m oulding d irectly  in a 
mould, o r vulcanising an extruded tube on a m andrel o r  
built up from  calendered sheets. T he com pound given 
above is suitable fo r moulding o r extrusion method.
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PRINTING R O LLS

G lue composition rolls were being used earlier for 
printing. But ut present, rubber rolls arc becoming popu­
lar bccausc o f Ihcir better performance on high speed 

machines.

Printing rolls arc manufaclured by usmg Nitrile and/ 
or Synaprcno rubbers to get adetiuatc oil and solvent resis­
tance. O il and solvent resistance is required to a certain 
e“ cnt because o f the types o f inks used and the clean­

ing procedures.

Synaprene-1513/1514 
Synaprene-1712

NBR (High)
FEF
Pptd. CaCO., 
Brown factico 

l>. Jutly 
Ar. oil 
Naph, oil 

DBP
Cumar 
Zinc oxide 

St. acul 
A.O . I'BN'
MlVl'S
MBr
Sulfur

Curo in Open steam 
@ 40 psi, I" thickness

Hardness

Prcmuim
Quality

50

50
20
20
35
10

20
20

4
5

90’

Medium
Quality

100

20
5

20
30

7
4
1.5

1
0.75
0.5
1.7

' yo ~



TAN K LINING

Synaprenc rubbers being rcsii>taiU (o solution o f acids, 
alkalis and salts a rc  used fo r  the p ro lcc lio ii o f metal 
equipment m a sim ilar m anner as natu ral rubber is used. 
They arc  used both fo r soft rubber lining o r  ebonite lin­
ing-

METHODS O F A P P L IC A T IO N  :

The metal is cleajicd free  from  rust, dusl o r other 
coatings by scoring, w ire brushing, sand blasting o r  shot- 
blasting. The metal surface is then cleansed with solvent 
to  rem ove oil and grease and there a fte r bonding agent 
is applied. F or ebonite lining a  cement m ade from  natu­
ral rubber ebonite com pound is applied. F or soft rubber 
linings three types o f cements a rc  availab le :

(1 )  C yclised riihhcr cement ■. These cem ents give a bond 
strength o f the order o f 30 -35  kg/cm'-, Hov/evcr, the 
cements being therm oplastic the bond strength fa lls  
rapidly as tem perature increases.

(2 ) C h lorinaleil n ihher/N eoim ’na cements-. This is a 
two coat method. T he lirsl coat o r  the |)rinier coat 
consisls o f a m ixlu re o f chlorinated rubber and dis­
persed red lead in an arom atic solvent. A fte r  drying  
o f the first coat second coat o f a solution o f vulcani- 
zmg type o f neoprene com pound in arom atic so l­
vent is applied. T he rubber lining is applied on this 
second coat.

(3 ) R ubber hyclrochloride cement: This is by fa r  the
most satisfactory and popular cement used.

A ll these above cements can be used fo r various v u l­
canization method like open steam, hot air, o r hot water. 
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r Isocyanate bonding agents are  used for soft ruDbei 
,g. But care should be taken in handling as theylining.

arc very  prone to  moisture.

The compound is sheeted out on a mixnig mil! or a 
calender and p l ^ P  to  get the necessary thickness, 
is advisable to -T ^  the plied up calendered sheet f om 
one liner in which it was originally wrapped onto another 
T e r  D uring this operation the liner should be wound

of the sheet to shrink when heat is applied.

T he rested rubber sheet should be applied to the

strapped ioints_ Tn th over the other
are skived and one sh ' , 25 " In the second
sheet, the jointed with
— J l : r S ^ : : i t L p n d  of width not over

2  inches is stuck over the ]omt line.

Vulcanising of the lined vessel J ’ ^ on

„pen steam, hot air o r Pwhen cur-

,h e type o f to  have the water level
ing î  by hot w ater a  s k -
l,igher than the ™ bbu hn

. r t . : : —
ill U v



EBONITE LIN IN G

RMA-I

Reclaim WTR-SR 

Hard clay 

Bar>'tes 

Caj. Silicate 

Unseed oil 

Magnesium Oxide 

Zinc Oxide 

MBl'S 

BA

TMTD 

Sulfur 

Red Oxide

curc.
50

25

50

100

50

Hot water Cement for
^urc.

40

50

25

50

100

50

6

4

0 .4

40

20

20

i

20

20

Cure;
(4 mm thick)

Open Steam 
30 psi 1 hr. 
30 psi 1 hr, 
40 psi 4 hrs.

Hot Water 
@ 100®C 
1 2 0  hrs.



SO F T  RUBBER TANK LINING 

/
Lini/ig ca inpound

Syiiaprone-1502
Synuprcnc-1513
Barytes 
China clay 
ZnO
Brown Faclicc 
Naph. Oil 
Cumar 
P. Wax 
St. Acid 
Retarder NDPA 
ZMBT 
ZDC 
SuKur 
A.O. SP,

(U t /  
80 V  
20 

100

100
10
5

15
4
1
0.5
3
1.2
2
1.5

(2)
80 
20 
100 

50 
5 

10 
5 

15 
4 
I
0.5
3
1.2
3

RMA-1
ZnO
Red oxide 
Cumar

Dondin^
S o lu i u m

O)
100

25
25
25

Make 209o solution in 
Rubber Solvent

ill

Cure; 24 hrs. in BoUing water

" a L  prepare 50%  solution chlorinated rubber

rubber sheets. chm st ■*!'"
\Test Solu tions M onths

8.11
nihlle UCI " —2.046
lOVf’ MaOH "  0.2008
li)%  NaCl "  _a.4506

s r . . -



M ISC E LLA N E O U S G O O D S

I'O O r-B A L L  B L A D D E R  : A ddition  o f Syiiaprcne  
1502 lo  foot-bali biaddL'r compoimd w ill w iden tempcra- 
luro range over which the coniixjunds could be calendered  
faiilllessly. Synapreno 1502 will inereasa scorch resistance 
o f llic compound and also ab ility o f the scrap to be re- 
worlvcd. For better calcndcrijig characteristics and belter 
air-rctentivity in the tube Synaprene 15 13 / 15 14  can be 

used,

P L A Y  B A L L  : Green blanks fo r  p lay-b alls  a re  p re­
pared by various methods, which require skilled w o rk ­
manship. The blowing m ixture should be prepared care­
fully. Sodium nllritc  10  pbw ; sal am m oniac (N H ,C L )
10 pbw; Epsom salt (Mg.SO4 .7 H2O ) 5 pbw and zinc 
stearate 0 . 5  pbw  should be separately pow dered and  
mixed thoroughly. T ableting o f the blow ing m ixtu re  muii- 
miscs variations in  blowing. O ne gram  o f this m ixture is 
suliicient fo r 50-60 cc. o f ball-volum e. ^

L E A T H E R -L IK E  BE LTS : L eather is getting scarce 
and its cost is rising high. New types o f leather lik e  m ate­
rials (porom erics) are com ing up in o ther countries. E x­
cellent leather like m aterials could be developed by using 
Synaprene 1958 the self-reinforcing rubber. V ario u s p ro ­
ducts like luggage m aterials ajid footw ear m aterials could  
be easily m anufacture by using conventional m achineries  
fo r easy processing.

IN SU LA T IN G  T A P E  : Good resistance to  oxidation  
by Synaprene 1513  and 1514  in unvulcanized state makes 
them useful fo r the m anufacture o f insulating tapes. The 
dough o f the compound is prepared in rubber solvent o r  
in a m ixture o f toluene and petroleum  naphtha.



Foot-ball Play-baU
Bladder

Synaprcne-1502
Synivprenc-1513
palccrcpc "  .
RMA-IX ^

,0  80
Hard clay
Sott clay -
Pptd. O.CO3  «
Naph. oil _
Brown factice  ̂  ̂ ^
Cumar

TiO., & Colour 

S.G .

qs

r . 25 '

Cure @ 152‘̂ C 

T .S.

@ 70“C fo r  168 hrs.

A  T.S.
A E .B .
^  Hardness

44
Zinc oxide 2

St. acid

p . w ax 1 . 4

MDT ^  0 .2

DOTG  ̂ j  0.2
Sulfur qs

1.47

5’ 1 0 ’

194 96

620 525

— 6 -

—15

+ 4



Leather like belts 
Coloured Black

lnsulatin{>
Tape

Synaprene-J502 33 /  -
S>ii!iprene-1513/1514 -  / “  / 50

Synaprcne-1958 67 67 —

RMA-IX — — 25

\V1  R — — 50

FEF — 33 “
Hard clay 2 0 _ —
Pptd CaCOg 67 — __
Rayon Flock 10 10 —
Hard bitumen ~ — 50

Ester gum — — 10

Fine lar — — 1 0

P. Oil 3 3
Castor oil — 5
Cumar 7 7
1\ Wax i.5 r.5 —
Zinc oxide 7 7 50
St. acid 1 1

A .O . SP 1.5 1.5
A .O . MeUtl Inhibitor — — !
iMBTS 0.33 0.33
MBT 1 1

Z D f 0.33 0.33^
Suirur I .6 f. 1 .16
'1 iO  ̂ & t  olour

S .G .

Cure
1.45 l . i i 1 . 2

@ 75 psi slcam pressure (Jackol), 
@ 30 psi jiir pressure (Vessel).



Sviiaprcnc rubbers arc extensively «scd for ihis pur- 
nosc 'svaap rc iie  rubbers when properly rcmforccd hase 
L cc llen I  abrasion resistance; resistance (res.m ncc

‘ to  cut initiation) and resistance to c o n ip rc s io n -sa  Syna- 
OTcne rubbers can be easily extended by liigher loadings 
of filler and oil for reduction in volume cost of the com­

pound.
NEOLITE s o l i n g  (Resin Soliug) : is now fast

- ; r - - r .  s  .
vs manual fabrication from  leather).

^  These « .lin g m a te r .ls  are

' ^ n e s s ,  high stiffness ^  'd  stiffness without
: ,958 helps to aehteve gives easy
; the use of h,gh ' ‘- I ' " ® ; ;  . Synaprene 1958

processing ,old but arc very thermo,
compounds are ,haractefistics help to
plastic at high tenipuatur
get fault-free glossy . The excellent advan-
in moulds will, to the optimum
tagcs of Synaprene 'r  _̂ 5 J3 _ s.i5141 ate

natural rubber.



CO LO U RE D  M O U LD E D  SO L IN G

Syiiaprenc-1502 1 0 0 1 0 0 1 0 0

Hard clay 150 2 0 0 250

Naph. Oil 10 15 2 0

Cuniar x /  ‘0 1 0 1 0

Zinc oxide 4 4 4

St. acid 3.5 1.5 1.5

A ,0 .  PUN & DPPD • 1 1 i

MBTS I 1 1

DPG 1 1 1

DEG 2 2 2

Sulfur 2 2.5 3

fTiO  ̂ & Colour qs qs

S.G . 1.42 1.57 1 . 6

Cure @ 152°C 1 0 ' 1 0 '

T .S. 1 2 0 99

E.B. 585 480 355

Hardness 68 71 75

Fltx 1 392 260 1 0 0

Abrassion Index 45 51 76

•Only for dark, coloured products. For light coloured products 
Anlioxidaiit Slyrenalcd Phenol should be used.



Synaprene-1502 

HAV 

Hard day 

Napii. oil 

Cumar 

Zinc oxide 

St. acid

A .O . PBN & DPPD

P. Wax

MBTS

DPG

Sull'ur

S .G .

Cure @ 152-^0 

T.S.

E.B.

Hardness

fle x  1

Abrasion Index

/ I 2 3

1 00 100 10 0

30 40 50 j

1 00 150 20 0

30 40 50

7 7 7

4 4 4

1.5 I.S 1.5

1.5 1.5 1.5

2

I

2

1

2

1

1

2

1

2.5

1

2.75

' \ . n 1.43 1.5

1 0 ' 1 0 ’ 1 0 ’

1 0 0 78 65

400 315 300

63 71 73

400 390 2 1 0

87 95.0 92.0



NEOLITE SOLING
LEATHERY 

FN ^R  SOI.E 
•Banwar

1 V 2 3 4

Synaprenc-1502 40 40 50 40

Synaprcnc-1958 — 50 60

SRF 20 — 2 0 —

Cal. Silicate — 2 0 — —

Hard clay 1 0 0 1 0 0 1 0 0 1 0 0

Naph. oil 5 5 5 8

Cujnar 3 3 5 5

? .  Jelly — — 2 2

Zinc oxide 4 4 4 4

St. acid 1.5 1.5 1.5 1.5

A .O . SP I 1 1 1

P. Wax 1 1 0.5 0.5

MBTS 1.3 1.3 1.5 1.5
TMTn p 0.3 0.3 0 .4 0 .4
dec; _ 2 „

Sutfur 2 2 2.25 2.25^
TiO., &. Colour - qs - <l,s

S.Ci. 1 .45 1.45 1.45 1.36

Cure @ 162 '̂C 5‘ 5' 5' 5’
Hardness 90 88 90 92
Tear S. 52 51 50 42
Flex 1 2 0 0 2 0 0 2 0 0 151

NOTE: 5 phr, liO^, 0,05-0.1 Orange colour and a tracc of
black will give the rcquirejl beige to leather like colour.

/



M icrocelluiar rubber solmg has become very popular 
ill tlic Footwear Industry and is still getting more popular 
even though new man-made materials are springing up. 
The advantages offered by microcelluiar rubber solings 
a r i? :

( 1 )  Light weight (i.e. low density) for comfort.

(2 ) M inimum abrasi\e-wear for long life.

(3 ) Long flex-life.

(4 ) Versatility o f hardness range (very soft to hard)

(5 ) A b ility  to give bright pastel shades and also 
transluscency-elfcct.

(6 ) M ost Hygenic,

(7 ) Requires conventional adhesives fo r bonding.

The recent trend is to  use hard microcelluiar rubber 
.soling fo r shoes and sandals, medium hard for chappals 
with leather o r other types o f uppers, soft and very soft 
fo r Hawai o r beach sandles. It is also a fast catching up 
practice, to  paste neolite insole (Banwar) with medium 
hard m icrocelluiar soling fo r variety o f chappals and san­
dals.

U nlike the manufacture o f rubber sponge article, the 
m ould should be fu lly  loaded with 3 to  5 %  excess com­
pound kept under full hydraulic pressure. The excess 
loading helps in giving a flash all around which seals off 
the m ould-fram e and prevents leakage o f decomposed gas. 
Under llic high pressure the decomposed gas (mostly 
nitrogen) gets trapped in the rubber matrix and after 
partial cure, when the external pressure is released by 
sudden opening of the mould, the preciired sheet pcys 
out due to  high internal pressure and expands conside­
rably. T he rubber sheet gets a  fine microporoiis structure



NEOLITE SOLING

Synaprenc-1502 
Synaprcnc-1958 

SRF
Cal. Silicate 
Hard clay 
Naph. oil 
Cumar 
P. Jelly 

Zinc oxide 

St. acid 
A.O . SP 

P. Wax 

MBTS 

TMTD fi 
DEG 
Sulfur 

TiOg

S .G .

Cure @ 162°C 

Hiifdness 
Tear S.
Flex I

V
LEM'HERY 

I N ^ R  SOLE
• n n n « :lr

40

100

5
3

4
1.5

1

1

1.3
0.3

5‘
90
52

200

40

20

100

4
1.5
1

i
! .3
0 .3
2
2

3 4
50 40
50 60
20 —

100 100
5 8
5 5
2 2
4 4
1.5
1

1.5
11

0.5
1
0.5

1.5 1.5
0.4 0.4

2.25

— qs

1 .'IS 

5- 
88 

51 
200

1.45

5’
91)
50

200

i . i 6

5’
y2
42

151

NOTE: 5 phr. TiOg, 0.05-0.1 Orange colour and a tracc of 
black will give the require^ beige to leather like colour.



M IC R O C E L L U L A R  S O L IN G

M icrocellu lar rubber soling has becom e v e ry  p opu lar 
in the F ootw ear Industry and is still getting m ore popular 
even though new m an-m ade m aterials a re  springing up. 
The advantages offered by m icrocellu lar rubber solings 

a r c :
Cl) L ight weight (i.e. low density) fo r com fort.

(2 ) M inim um  abrasi^e -w e a r to r long life.

(3 )  Long flex-life.

(4 )  V ersatility  o f hardness range (v e ry  soft to  h ard)

(5 )  A b ility  to  give bright pastel shades and also  
transluscency-effect.

(6 )  M ost Hygenic.

(7 )  R equires conventional adhesives fo r  bonding.

T he recent trend is to  use hard m icrocellu lar rubber 
soling fo r shoes and sandals, m edium  hard fo r chappals  

, w ith leather o r o ther types o f uppers, so ft and v e ry  soft 
fo r  H awai o r beach sandles. It is a lso  a fast catching up 
practico, to  paste neolitc insole (B an w ar) w ith m edium  
hard  m icrocellu lar soling fo r  va rie ty  o f chappals and san­
dals.

U nlike the m anufacture o f rtibber sponge artic le , the 
m ould should be fu lly  loaded w ith 3 to  5 %  excess com ­
pound kept under fu ll hydrau lic  pressure. T h e excess 
loading helps in giving a  flash all around which seals ofl' 
the m ould -fram e and prevents leakage o f decom posed gas. 
U nder the high pressure the  decom posed gas (m ostly  
nitrogen) gets trapped in the ru b b er m atrix  and  afte r 
partia l ciire, w hen the external pressure is released by  
sudden opening o f the m ould , the  precurcd sheet pops  
out duo to  high iiitcrnal pressure and expands conside­
rab ly . T he ru bber sheet gets a  fine n iicroporou s structure



composed i)f very sniiill dosed  cells. Pnslcure is glveji u, 
sheds lo com pleic Ihe procure. N orm ally. Uie post-cure 
is carried oul iii an cleclrica lly healed oven at a tempe­
rature o f 100-120  ' fo r 3-2  hrs.

M O ULD S : The construction oE a  m ould should be 
such as to  allow  uninhibited expansion o f the sheet inime- 
diateiy on release o f the external pressure otherw ise the 
sheets will w arp and deshapc.

The m ould-fram e, Ihercfore , has bev elled  edges (45  I 
so that on release o f  p ressure the  sheet p o p s  o u t o f fram e 
and expands freely.

The principle o f m anufacture depends on the con­
tainment o f the gas in the rubber m atrix  during the pro­
cure stage. The nrould design must he such (hat com ­
pletely leakproof effective closure o f the m ould occurs 
under pressure. T he faces o f the m ould -fram e and the 
mould-lid must be ground flat and true.

Considerable expansion o f the sheet occurs a fte r re­
lease from  the mould. T he expansion w ill depend on the 
compound, precure tim e and the expected final density 
o f the product. A s  a  rough guide the expansion (ba.scd 
on mould dimensions) to  be allow ed during the design o f 
the m ould can be taken as 3 0 -40%  fo r so ft (H aw ai) so l­
ing and about 15 -20%  fo r hard m ierocellur soling.

, O rdinary mild steel can be used fo r the fabrication  o f 
t ilt  mould. H owever, when it is desired no t to  have a 
design on top surface o f the sheet e.g. m iero te llu lar sheet 
to be Tised fo r leather-top chappals, the top  lid o f the 
m ould can be dispensed w ith and the platen o f the press 
can be used as the closing lid o f the mould.

PRESS : M icrocellular sheet.s can he inanufaclurcd  
bolh in hand pi'csses and hydraulic presses. But in hand  
presses the alignment o f platen is never pcrfcct and it if  
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very  diflicult to  get (he pcrfijct closurc o£ m oulds whicli 
is very  essonlial fo r m icrocellu lar sole produclioii. A no ther  
cliniculty is that it is v e ry  difficult to  open the press 
quickly. Initially it is easy to  d o se  the m ould and the 
press gets m echanically lockcd afte r the closurc. H ow ­
ever. a fte r precure, there is a heavy fo rce  acting on the 
m ould because o f the pressure o f the gas. M an y lim es, 
it becom es very  difficult to  open- the press quickly. The  
sheet m ay becom e distorted if  the opening tim e is too  
long, and also because o f the varying  procu re it is d iffi­
cu lt to  get sheets o f constant dimensions.

M ultidaylight hydrau lic  presses arc  best suited fo r  the 
production o f m icrocellu lar soling bccause: ( 1 )  the m ould  
closes under positive pressure thereby ensuring perfect 
closure o f the m ould. (2 )  T he pressure re lease and 

opening o f the m ould is quick.

H Y D R .A U L IC  PR E S.SU R E  : T he pressure required  
fo r closure is sim ilar to  that in case o f m ould ing o f o ther 
rubber com pounds o f corresponding viscosity. In case o f  
m icrocellu lar .soling how ever, there is one distinction. D u r­
ing cure the blow ing agciU decom poses and an internal 
prc.ssure is developed in the com pound tending to  open  
the press. I f  the hydraulic pressure is not adequate the 
m ould w ill open up and the gas w ill escape giving a  
defective product. T he m iuinnm i pressure (kn ow n as 
specific pressure) necessary to  keep the m ould closed  
w ill depend on the am ount o f blow ing agent in the 
com pound. T he pressure is ap prox im ately  18 kg, cm - 
p c r phr. fo r D PT  typ e  blow ing agent in the  com pound, 
thus a  com pound containing 4  phr. blowing agent w ill 
have a back-pressure o f 7 2  kg, cm". T he closing fo rce  
on a m ould o f dim ensions 23  cm \ 2 7  cm s. w ill have  
to  be higher than  23  x 2 7  x 7 2  kgs. o r  about 4.“! tons.

H ence, it must be checked tliat the hydrau lic  pressure  
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oil llie mould ih adcqiiaK- fo r ihc com pound and the size 

of the mould.

Higher pressures than (he iiiiiiinuim are  a lw ays bene­
ficial in the production of m ieroccllu lar soling giving a 
lighler product with finer and m ore uniform  ce llu lar struc­

ture.

S Y N A PR E N E  R U B B E R S  IN  M IC R O C E L L U L A R

Use o f high styrejie resins o f the .self-reinforcing rub­
ber Synaprenc 1958 is a  must fo r the m anufacture o f any  
good quality m icroeellular soling. It is o n ly  because o f 
this rubber that even at low  density the product has the 
necessary toughness and the best abrasion resistance.

Synaprene 1958 can be blended cither w ith natural 
rubber o r the non-staining Synaprenc rubbers 15 0 2 , 15 13  
or 1514 . Synaprenc 1502. 15 13  and 1 5 14  have m any ad ­
vantage to o ffer fo r these applications.

f l )  W ith natural rubber it is necessary lo  m asticatc  
the rubber to  a  constant controlled viscosity. T he degree 
o f m astication has to be critically controlled as it aflccts 
the expansion. W ith  Synaprene 1502 , 15 13  and 1 5 14  no  
m astication is necessary thus increasing the m ill-room  
production and doing aw ay with the need o f  continuous 
control on the mastication.

(2 ) The expansion o f the sheets is critica lly  depen­
dent on the degree o f precure. W ilh  the varying  curc-rafcs 
o f natural rubber, il is diflicult to got sheets w ith constant 
dimensions and quality, The tmiform cure rates o f Syna- 
prcne rubbers are a boon.

(3 )  Synaprene 1502. 1513 and 1514  are w ater w hile 
in colour and hence less quantity o f W hitcnijig pigments 
are  necessary.



1/1 fiiiishctl p roducts

( 1 ) Syiiapreiio rubbers give sheets with m ore expan­
sion thus giving light weight products.

(2 ) T he split tear strength o f the product is high.

(3 ) Excellent abrasion and age resistance and long 

flex life.

PROBLEMS DURING MICROCELLULAR SOLING 
MANUFACTURE:

(a ) C oarse spongy sln ictiire  :
Spongy structure is m ainly due to underweight blaniv. 

Slightly underweight b lank w ill give the coarse structure  
lim ited on ly to  the top and bottom  side o f the sheet. W ith  
a  grossly underweight b lank  the w'hole sponge structure  
is coarse. T he latter defect can also  occur with hydraulic  
pressure less than the m inim um  specific required.

(b ) V uriuuon in dim ensions :

T he size o f the sheet depends on tiio degree o f pro­
cure. If the precnre is less the dim ensions w ill be larger. 
If the precnre is higher the sheet dim ensions w ill be 
sm aller. T he variation  in  degree o f precurc! m ay occur due  
to  variation  in the cu rc rates o f the batches, F o r  a slow  
curing batch either the precure tim e should be increased  
o r  addition o f a  sm all quantity  o f su lfu r w ill help to  res­
tore the cure-rate o f the batch. F or a fast cu ring  batch  
the procure tim e should he decreased.

(c ) Irregiihtr shapes o j  the sheets :

T his defect occurs due to  im perfect seal and leakage  
o f gas fro m  the m ould either du e to  a fau lty  m ould or 

'  the non setiling o f the Hash b e fo re  the internal pressure 
.starts building up. In either case th ere  w ill b e  continuous  
ejection o f spew during the procure. T he non-setting of
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the flash can be due to thickness (excessively overwciglit 
blank) o r due to  v c iy  low  setting natu re oE the com pound. 
In tJie latter case addition o f som e booster accelerator 

will help.

This defect can also occur because o f ;

(1 )  inadequate m oulding pressure and

(2) im proper size o f  the b lank, the  com pound flow ­
ing out before com pletely filling the cavity.

(d) Blister form ation a t the tim e o j  pressure re lease : 

This defect is either due to

(1 )  undercure (the blister w all surface reveals an 
irregular rugged surface, o r

(2 ) entrapped a ir in the blank (the b lister w all is 
sm ooth) o r

(3 ) im proper dispcrsioji o f the blow ing agent.

(e) Blister form ation at the tim e o f post cu re ;

This is due to  incom plete decom position o f the b low ­
ing agent during precure. Hence, the procure tim e should  
be increased (a t low er tem perature if  ntscessary) o r  the 
blowing agent level should be decreased.

( f) Perfect sheets a t the tim e o f pressure release, hut start 
cracking on standing :

This can occur due to

( 1 )  exce.ssive blowing agent

(2 ) O vercure and

(3 ) W eak  cell-wall (insulFicient rein forcem ent).

This can be due to low  level o f lillers used o r  lo w  re in­
forcing ab ility o f the filler. Increase ia  the level o f filler 
o r addition o f a good reinforcing filler w ill o vercom e this 
defect. These points should be clearly  kept in m ind w hile
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r using clays o r indigenous Silica-Silica.c lyp e f .lic r . as tlic  

reinforcing fillers in Synaprcne compounds.

USE  O F C R U M B S :

M icroccllu lar crum bs o f around 4 0  lo  100  M esh could  
be used in m icroccllu lar com pounds. 4 0  lo  5 0  p h r could  
bo easily m ixed w ithout m uch aliectm g the quality. H igher 
quantity o f crum bs bring dow n the tear strength and ab ra ­
sion resistance considerably. A p a rt  from  low ering  the  
cost, crum bs o ffer advantages like low  shrinkage, light 

weight and faster cu re lim e.



1 2 3 4

Synaprene-1502 75 ■” -
Synaprcnc-1514 — 75 75 50

Synaprcne-1958 25 25 25 50

• A l. Silicate (IdcI.J 20 — _ —
yH ajd day 100 120 100 100

Ciimar — 5 5 4
Naph. oil 30 60 30 20
Zinc oxide 4 4 4 4
St. acid 6 6 6 6
A .O . SP 0 .8 1 1 1
P . wax 1 1 1 1
MBTS I . l 1 . 1 1.1 1.1
TMTX) 0.15 0 .2 0.15 0.1
Sulfur 2 2 2 2
riPT)»t 6 .5 6 .5 6 .5 6 .0
TiO , 10 5 5 10

\ Colour qs qs qs qs

S .G . 1.38 i . 3 1.3 1.34

Cure @ m ° C 8' 8‘ 8- 8’
Hardness 38 25 38 45
Expansion % 37 32 30.5 38
Shrinkage % 1.8 2 .4 2 .6 1.8
Split tear 5 .4 4 .6 6 .0 li„Q
Corap. set % 39.0 36.5 14.0 14.6



Synuprenc-l5U2 
Synaprcnc-1514  

Synaprcnc-1958  

A!. Silicalc 

Cal. Silicalc 
Hard clay 
Mag. carbonale 

Cumar 
Naph. oil 
Zinc oxide 

St. acid 
A-O . SP 
P. Wax

1 2 3 4

50 — — —
__ 50 50 50

50 50 50 50

40 60 — —
_ _ ___ 40 50

40 20 60 50

__ 20 — —
__ A 4 —

20 15 25 15

4 4 4 4

4.5 4.0 5.0 4

0.8

1

0.8
1

MBTS l . l 1.1 1 .1 l . l

iMTi:) 0.15 0 .1 0 .15 0 .15

DBG i I 1 1

SulUir 2 2 2 2
hi

DPT 5 4 4.5 4 .5

liO,o 10 — 5.0 —

Colour qs qs qs qs

S .G . 1.32 1.26 1.3 1.3

Cure ^  152“C 8' 8’ 8’ 8’

Hardness 53 53 61 58

Expansion % 39 28 ■ 39 37

Shrinkage % 5.8 8 .1 3.1 0.58

Split tear 6 .0 7 .5 6 .5 6 .0

Comp. SC I % 25 22 .8 20.6 18.7



Synaprcnc-1502

1
50

2

25

3 4

Synaprcnc-1513/ J 514 — — 30 20

Synaprenc-1958 50 60 70 60

RMA-1 — 15 __ 20

Al. silicate 50 — — —
Ca. silicate — — 50 40

Hard clay 50 90 20 80

Cumar 2 4 5 —
Naph. oil 15 4 10 5

Zinc oxide 4 3 4 4

Si. acid 4.5 4 3.5 4
A .O . SP. 0 .8 0.8 U.S U.8
P . Wax 1 ,1 1 1
MBTS I .l 1.1 1 .2 1.2
TMTD 0.1 — 0.2 O.I
DEG 1 — 1 — '
Sulfur 2 1.8 1.8 2
DPT 4.5 3.5 3 3

■ 10 15 2 qs
Colour qs qs q,s qs

S .G . 1.38 I .4 i 1.23 1.44
—---------- _ _
Cuic 152''C a' 8' «■ H'
Hardness 73 68 7S 73
Expansion % 28 41 18.5 30
Shrinkage % 1.5 2.1 1.00 0.61
Split tear 10 8.8 13.25 7 .0
S .G . (Blown) 0.66 0,48 0.45 0.23



H OT A IR  CU RE D  I'OOT W E A R

Natural rubber was the principal rubber u>cd ui lliih

? | , r L l . m . . S »  . 1  S , n . p ~  ' *
bcr in this field arc  :

( 1 )  V ery  Hllle increase in com im im i p laslicity  on con­

tinued working.

(2 ) G reater Scroch S u je ly  ; Compounds £or hot air cure 
have to be necessarily fast curing wUh higli level, of 
booster accelerators. Such compounds are very 
scorchy Replacement of the natural rubber by 
Synaprene rubber, cither partly or wholly w ,ll m- 
crc-dse the scorch safely even when such compounds 
are adjusted for equal cure-rate.

n )  F la t cures ■. In h o t a ir cures especially w here  there  
is no  circulating fan there is alw ays a tem peratu e 
variation  as m uch as 10»C  in the vulcan.zev during  
cure. Boosted natu ral rubber com pounds exhib, 
pronounced peakiness o f cure with the resu lt that 
products a te  either overeurcd  and reverted  o r  rem ain  
undercured. It is ve ry  ditticult to  achieve a tight 
optim um  cure. T he physicals a re  th ere fo re  low er 
and the set (th e  m ain reason fo r  deform ation  o f the 
product during storage) is high. Syn ap rene rubbers  
do  not revert and hence give com pounds w'hose vul- 
canizate properties a rc  unaffected b y  the slight o ve r­
cures. E ven on slight overcu res na tu ra l ru bber vul-  

, canizate becom e tack y and the product lo.scs sale s
appeal. Syn ap rene com pounds are free  from  this 

dcfcct.



,4 )  R e ' : is ta r K C  m  o x i J u r n c  <Iegr<H hnionN atural rubber 
is very suscopliblc to oxygen at high tcm ptraturcs  
above I()0°C. In hot a ir cures (he inoducts have 
ncccssarily lo  maintained at clcvaled  tem perature  
fo r prolonged time. N atural rubber com pounds are 
affccted by oxygen in the a ir at high pressure espe­
cially in cold zones w here the ra le  o f set, up  is low. 
Products in. cold zone therefore never attain the opti­
mum physicals and have high set. Syn ap rene rubbers  
arc  m ore resistant to  oxidative degradation at high 
temperatures and hence suffer fa r  less. Syn ap rene vul- 
canizates too exhibit resistance tow ards oxidative  

degradation,

(5 ) /ininuvecl sharpness m d  reli'iUioii o f einhossi'd 

designed.

(6) Freedom  from  sagging o r  d istorlion during ilie p ro ­
longed cure.

The dfflerence in green tack  and shrinkage between 
Synaprene compounds and natural rubber com pounds  
should be noted w hile fabricating footw ear from  the com ­
pound, based on Synaprencs and its b lends w ith natural 
rubber,

111  LO W  G K EE N  T A C K  : Synaprene com pounds 
exhibit low er green tack. But by blending with natural 
rubber o r using tackifier.s like coum arone indene resin, 
the green tack could be increased. It is reported that, 
in  Japan , all SB R  soles a rc  used fo r hot a ir cured fo o t­
wear, B y using a ll natural rubber cement and foxing the 
adhesion o f the sole to  the upper is found to  be m ore than  
adequate.

(2 ) GRHEN SH R IN K A G E  : Calendered Synaprene  
compound stock shrinks to  a greater extent than natural 
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,ubbcr stock. T his shrinkage can be rcduccd b y  (he use 
r f  high-sm .cu„-e blacks like I'EF, C lay  o r  replacing , » r  
o f the polym er by reclaim. O therwise, the sheet should 
be calendered to thinner gauge and then 'm m e d .a t^

, cooled in svater. By this nKHhod rt >s ^
• ca lendered  sheets o f con stan t gauge, '

sliflhtly altered because o f the shrinkage, tn the assem  
ed L t w e a r ,  where the sole is attached firm  y o  

non-shrinking rag com pound o f insole the does not 
exhibit any shrinkage during cure. T he cem ent com  
pound used to r fabrication should be slightly fastei sett- 

ing to  holU the sole fast.

T he com pounds given on the fo llow ing pages curc  
satisfactorily in hot a ir  vu leanisers (A ir  pressure 4 0  ps> 
jacket steam  pressure 75 psi) in about 60  minutes. The 
flex results shown are  taken on shoe soles vulcanized  
Ihe hot a ir  vulcan izer in o u r labo ratory  and in »  ^hoe fa c ­
to ry  H ow ever, each type o f hot a ir  vulcam zer has diffe- 

J i  tim e tem perature relations and the  
tern m ay need slight m odifications to  suit the different

conditions.



C A N V A S SH O E  SO L E  G R ^

/
A

Synaprene-1502 30 - ■ -

SynaprenC'1513/1514 — 50 —

Synapreiie-1712 — 30 — 50

RMA 70 70 50 50

HAF - 30 ~ 35

FEF 30 35 —

Hard clay 40 50 60 60

Whilinj; 20 10 ~ —

Cumar 4 4 4 4

Naph. oil 12 _ 15 —

Ar. oil - 10 — 15

Zinc oxide 4 4 4 4

St. acid ! .5 1.8 1.5 2

A .O . PBN 0.5 0.5 0.5 0 .5

A .O . PBN & DPPD 0.5 0.5 0.5 0 .5

p. wax

MBT 0.6 0 .6 0 .6 0 .6

MBTS ■ 0.6 0.6 0 .6 0 .6

DPG 0.4 0.4 0.6 0.6

TMTD 0.2 0.2 0 .2 0 .2

Suifur 1.75 1.65 1.6 1.6

■S.G. 1.28 1.28 1.28 1.28

@ 141 °C 15’ 10' 15’ 15’

T .S . 151 185 164 163

E.I5. 450 515 390 440
Hardness 62 61 63 63

L-lcx 1 400 400 400 400
Abrasion Index 93.6 86 102 90



C A N V A S  S H ^ S O L E  G R A D E  B

Synaprcnc-1502/i:il3 /  30 - - -  . ■
Synaprene-1514 — 30 50

Synaprcnc'1712 — — — 50

KM A 70 70 50 50

HAF — — — 15

lE F 15 15 15 —

Hard clay 75 75 100 too

Whiting 75 75 50 50

Naph. oil 20 20 20

Ar. oil — — — 20

Cumar 5 4 6 6

Zinc oxide 4 4 4 4

St. acid 1.5 1.5 1.5 2

A .O . PBN 0 .4 0 .4 0 .4 0 .4

A .O . PBN & DPPD 0 .4 0 .4 0 .4 0 .4

V. Wax t I 1 1

MBTS 0 .75 — 0.75 —

MBT 0.5 0.5 —

CBS — 1.2 __ 1 .2

DPG 0 ,4 0 .4 0 .4 0 .4

TMID 0 .2 0 .2 0 .2 0 .2

SuU'ur 1,75 1.65 1.6 1.6

S.Ci. 1.47 1.47 1.47 1.47

Cury @ 14P C 10' 10’ 10' 10'

T .S. 120 108 100 100

E J i. 500 475 550 525

Hardness 60 62 60 60

Flex 1 150 150 150 —
Abrasion Index 83 69 87 81



CO LO U RE D ' C A N V A S  SH O E  SO L E

High
Grade

Casual 
B Grade

Casual
Compc-

titiye
Synaprene-1502
Synaprenc-1513
RMA-IX

25
25
50

25
25
50

25
25
50

50

25

Red Reclaim 
Hard clay 
LigliL MgCO.. 
Pptd. CaCOy 
Whiting 
P. oil

40
10
50

7

10
90

7

60
10
80
10
8

50
1.30
20

90
5

Cumar 5 5 5 5

Zinc oxide 4 4 4 4

St. acid 1.5 1.5 1.5 1.5

A .O . SP I 1 1 1.5

P. Wax 0.5 0 .5 0.5 1
MBT 0.6 0.6 0.7 0.6
MBTS 0.6 0 .6 0 .6 O.f)
DPG 0.3 0 .3 0 .3 —
DOTG — — — 0 .6
TMTD 0.3 0 .3 0 ,3 0 ,2
Sulfur ' 2 2 2 2 .2
l  iO,„ and Colour qs qs qs qs

S.G . 1.36 1.38 1.44 1.64

Cure @ 152°C 5’ 5’ 5̂ 10’
T .S. 105 S3 63
B.B. 420 420 440 560
Mod. 300% 61 53 43 —
Hardness 62 58 63 63
'Tear S. 34 30 28 —

Abr. Loss 4.05 4.45 7.60 _

Flex I 382 254 240 198



KNEE 8 0 0 ^  C O M P O U N D S
, /  SOLES UPPERS

,S

1

Synaprcnc-1502
Synaprenc'1712
RMA-TX
WTR
FEF
GPF
Hard clay 
White clay 
Ar. Oil 
Naph. oil 
P. oil 
Cumar 
Zinc oxide 
St. acid 
A .O . PBN 
A .O . PBN & DPPD 

‘ P. Wax 
CBS 
MBT 
MBTS 
DPG 
DOIG  
TMTD 
Sulfur

S .G .

Cure @ 141  ̂C 
T.S.
E.B.
Hardness 
Hex 1 
Flex 2A  
Abrasion Index

1 2 3 4

-50 — 25 “
__ 50 _ 25

25 25 75 75

50 50 — —
— 30 20 20

30 — — —
100 100 40 40

30 30 60 60

_ 15 — —

15 — — —
__ _ 7 5

5 5 —

4 4 10 10

1.5 2 1.2 1.2

0 .4 0 .4 0.5 0 .5

0 .4 0 .4 0 .4 0 .5

1 1 — “
_ 1.2 _ _ —

0.25 _ _ 0.75 0 .7

1 .0 — 0.75 0 .6

0 .4 0 .4 — —
___ 0.25 0 .4
__ — 0.1 O.i

1 .0 1.6 1.85 1.7

1.48 1.47 1.45 1.43

15' 15' ’ uv ..... 15-

S3 82 146 1.̂ 8

355 550 460 460

70 6« 53 5!
400 400 ~

No cracks > 200
175.4

225
76



ySpreadlng Innersole Sponge
V  compound Insole*

Synaprcnc-1502 30 100 100
RMA IX 70 — —
Pcpliser TBN 0.15 -
Hard clay — 2{){) 100
Whiting 250 200 -  !
Naph. oil 25 35
Cumur 3 3 —
Zijic oxide 4 4 4
Si. acid 1.5 1.5 4
A .O . SP 1 _ I
MBTS 1.2 1 1.8
DPG 0.3 ! —

ZDC — — 0.25
Sulfur 2.5 7 4
Cloth cuttings — 15 _
DPT — - 1.5 ^

S .G . 1.78 1.83 1.32

C u ie  @ 152°C T T 10-
T .S . — 34 —
E.B. — 325 —
Hardness 77 —

S.Cj, (Blown) 0.69
al Mold-loading

'Note In sports shoes (eg. Tennis shoes), it is customary to 
use sponge insole packing over the rag-insolc. The 
sponge compound is placcd in a rectangular mould 
over which a cloth coated on one side is placcd with 
the coaled side towards the sponge compound and 
cured. Sponge in.sole are Ihcn punchcd out.



m o u l d e d  o n  p r o c e s s  f o r  f o o t w e a r

( D .  V . F O O T W E A R )

During the past 25 years tw o  significant developm ents  
fo r liigher p roductivity  liavo  taken placo in the w orld  o f 

shoem aking industry :

( i)  tlie rubber “ m oldcd-on-’ o r Direct Vulcanization  

( D .V . )  process and

(ii) the injection “ m olded-on” process.

In India the direct vulcanization process is now esta­
blished in m a jo r shoo com panies, w hile  the injcction m o l­
ded-on process is practised o n ly  in one unit.

Besides giving higher production, the other ad van ­
tages o f m anufacture by D V  are the excellent bonding  
obtained between canvas and leather uppers to  sole and 
heels, unit process operation as com pared to  o ther con­
ventional m ethods o f m anufacture, low er labour cost and  

♦ lesser rejects. T hese advantages out weigh the initial cap i­
tal co.st involved in the m achinery.

It m ay be mentioned here (liat in o u r country as 
w ell as in A m erica  and U .K . ,  alm ost all the dcfcnce  
footw ear is m ade by tlie  D V  proce.ss.

'r i  lR  D V  I’ R O C F SS  :

T he canvas o r  leather upper (buffed  on the under 
side) is m ounted on the last, which is super-im posed o ver 
the sole-hcel cavity, 'The rubber slug is kept in this cavity  
and the last lowered o ver it. U nder the fo rcc  exerted  
(D V  presses have high operating ram  forceji in the range 
o f 0  to  80 00  kg) by the  ram  o n  the m ould , the  rubber 

,, is shaped, bonded w ith  the canvas o r  leather upper and 
vulcanized in one operation. 'I'he w hole system  is sem i­
au tom atic, equipped w ith tim c-seder and tem perature con- 
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IroJIers. A n  opcraCor is :iblc lo handle iidoasl 0 D .V
presses in series.

T YPH S 0 [ -  SH OES M A D E  B Y  D V  P R O C E SS :

(a ) L eather upper w ilh  solid ru bber sole.

(bj_ C anvas-upper with solid ru bber sole.

(e) Canvas-upper w ilh sponge ru b b er so le with or 
without undertread.

CO M PO UN D IN G S Y N A P R B N E  R U B B E R S FOR
"D.V. P R O C E S S :

The fo llow ing points should be given due consideration.

( 1 1 P lasiicily  : The com pounded stocks fo r  D V  footw ear  
should have high but controlled  p lasticity  fo r  perfect 
mold How. F or D V  sponge soling the plasticity  of 
the com pound should be much higher as here there  
is no external pre.ssure except that created by the 
blow ing agent.

(2 )  Curing Sys!L'm : T he curing system  is com plex. A  
good accelerator com bination is found in a  basic 
thiazolo i.e. M ET  boo.sted with guanidine and dithio- 
carbam ate. activated by Iriethanol am ine. T he p ro ­
cessing safety against scorch is achieved b y  in co r­
porating a retarder.

(3 ) R esh tam v lo  R e v m io n  : fh e  lein pera lure o f the Iasi 
IS kepi around 5 0 °C  lo  prevent dam age lo  the up­
per m aterial, while the tem perature o f llie solo plate  
m ay be any where around 1 5 2 -1 8 0 'C. T o com pen­
sate tor ihe tem perature dillerenco the com pounJ  
should be fast curing, so that the com pound near the 
cooler last (SO -S.^V) should vnlcanizc and the p ari 
m contact with Ihe hot sole-plales should not revert  
wiihin the shori curc-lim e cycic.



(4 ) R ubber C e m m l ; F or preparing rubber cem ent to  be  
applied on tlic bottom  p a rt o f the upper, a  solution  
of the D V  com pound in equal proportion o f T oluene; 
N aphtha is recom m ended to  get excellent bond bet­
ween the upper and the sole.

a d v a n t a g e s  o f  s y n a p r e n e  r u b b e r s  i n  D V

C O M PO U N D S :

( 1 )  High plasticity (L o w  M ooney) rubbers a rc  preferred  
to r D V  fo o tw ear com pound because the com poun- 
ded-m ooney o f the stock should be sufficiently low. 
Synaprene 1513  is an ideal grade from  this view  
point. C ritical control o f the viscosity is easier with  

Synaprene rubbers.

(2 )  Synaprene rubber com pounds m aintain the shape and  
dim ension o f the p refo rm s under storage. T he p re­
form s do ]iot exhibit co ld  flow  because o f controlled  

plasticity.

(3 )  Synaprene 1958 imparts- very  high resistance to  ab ra­
sion, im proves m old flow  and gloss o f the finished  
product, increases hardness and yet m aintains low  

specific gravity o f the stock.

(4 )  Synaprene rubbers lake  up higher dosages o f p ro ­
cessing oils fo r econom ic com pounding,

(5 )  Synaprene rubbers are  inherently reversion  resistant.



D. V . SO L E S F O R  LE AT H ER  U P P E R S

Coloured Black Red

1 2 3
Synaprenc-1502/1513 45 65 40
Synaprenc-J958 15 15 15
RMA-IX 40 20 3U
Red. Rcclaim — “ 30
WTR — 15
Cai. silicate 20 — 20
Lighi MgCO„ 20 _ 20
Cfaiaa clay 40 30 40
HAF — 30 —
Cumar 5 5 5
Naph. oil 10 10 10
ZnO 4 4 4
St. acid 1.5 1.5 1.5
A .O . SP 1.5 — 1.5
A .O . PBN — 1 —
A.O , PBN & DPPD — 1 —
MBT 1.0 1.0 1.0
DPG 0.75 0.75 0.75
ZDC 0.50 0.50 0.50
TEA 2.0 2.0 2 .0
Sulfur 2 .0 2 .0 2 .0
NDPA 0.3 0.3 0 .3
TiO^ & Colour qs - qs

S.G . 1.26 1.20 1.25

ML4 45 42 46
D .V . Cure T 8’ 8'
Mould Temp. ®C. 150 153 150
Last Temp. °C. 50 40 . 50
T .S. 178 165 I51
% E.B. 450 450 425
Hardness 63 68 66
Flex 410 320 286
Abr. loss 1.67 2 .16 2.68
*For 500% cut growth.



D . V . C A N V A S  S O L E S

Synapienc-1513

RMA-IX 

Cal. Siliculc 

Hard clay 

Whiting 

Naph. oil 

Cumar 

Zinc oxide 

St. acid 

A .O . SP 

p. Wax 

CBS 

DPG 

TMTD 

TEA 

Sulfur

TiO., & Colour

S .G .

D. V. Cure

Mould Temp. °C 

Lust Temp. °C

30

20

50

50

10

5

4

1

I

0 .5

1 . 4

0 . 25

0.25

l.O

2 . 4

qs

1.43

4'

150

120



A cryloiiitrilc-butadicnc rubbers (N B R ) a re  spccial 
purpose copolym ers used w henever o il resistance is desired.

There are  about 5 variab les in d ry  n itrile  rubbers, 
they being (i) A cry lo n itrile  content (ii)  P roduct staiji
(iii) M ooney viscosity ( iv )  Polym erizatio ji T em perature  
and (v) V inyl C h loride content. A n  ap p ro p ria te  m anu­
facturing change in an y o f the ab ove  facto rs  can g ive the 
T Y P E  o f N itrile rubber required.

Besides the above m ain aspects o f va riab les and 
rubber designations, at present. N itrile rubbers a re  also 
available as ( 1 )  C arboxyiated  elastom ers (2 )  P ow der 
form  (3 )  Crum b fo rm -gelfree (4 }  L iquid ru bbers (5)  
Copolym ers o f A cry lo n itrile  and Isopreno (6 )  C o p o ly­
mers c f  Slyrene-acrylonitrilei and (7 )  D O P extended elas­
tomers.

Powdered N B R  and N B R / P V C  Blends a re  now  
com m ercially availab le. In place o f m ill-m ixing pow dered  
rubbers could bo easily dry-m ixed by using extrud er, g iv­
ing adequate passes. Injection m oulding could be also  
carricd out by em ploying pow der technology. R ecent 
papers and other literature also indicate the u tility  o f 
pow dered SB R  in a  sim ilar m anner.

N itrile latices having low  to  high acrylonitrile  contcnt 
of 4(J to 60  percent total solids, having varied viscosity 
range, carboxyiated m odification styrene m odification, a re  
availab le fo r varied use. such as textile, leather and p a p er  
indu.stry. Each year finds the addition o f  som e new fy 
developed nitrile rubbers fo r specific properties.

(I) ACRYLO Nn'RILE CON TEN T: This is the 
prm ie factor which governs the service p roperty o f the 

product. N itrile rubbers are m ade w ith  an A e ry -
232



lent a rc  given below.

High m tr ile  ‘'" c o n te n t '
C ontent _  _ __ ____________ ___________

High So lub ility  in ketones and Low
esters (uncurcd)

Low Solub ility  in arom atic
solvents (uncured)

High so lve ,,t  and oU resistance
L o w  G a s im perm eab.l.ty ^
L ow  Resilience
l^ow L ow  temp, flcx.bility
High R esistance to  ozone

High C ost ^  

,1 1 )  p r o d u c t  ST A IN  : D u r i n g  m anufacture o f the 

. 1

o r non staining types.
( I l l )  M O O N E Y  V ISC O SIT Y  : A s  in SB R . N itriie  

,,,bbers  are m ade in a  range o t m ooney j i^ o s .tte s  to  t o , -  
li.a te  processing and product m anufacture. T he M L 4  

range.s from  30  to  140  fo r different types.

n V )  P O L Y M E R IZ .A T IO N  T E M P E R A T U R E ;  

M anttlacture o f n itriie  rubbers by enu.lsion P o ly ™ r,z a tu ^

of rubbers generally  require m astication to  ‘
soluble. The new er easy-proccssing high y  mo ‘

types o f ru bber w ill d isso lve easily to  g ive solutions
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low  viscosity. The ‘C old' types have b etlc r su lfu r dis- 
perion and lower black iiicorporalioii tim e ( B . I .T . )

(V ) V IN Y L  C H LO R ID E  CON TH NT : N Itrilc rub­
bers a re  m ore susceptible to  ozon e attack , than other 
general purpose o r  special purpose p o lym ers like poly, 
chloroprene o r fluoro  elastom ers. T o  offset this disadvan­
tage recourse can be had to  ( 1 )  using su itab le amiozo- 
nanis and (2 ) during the m anufacturing stage n itrile  lati- 
ces are  blended with vinyl resins (P V C ) and com pletely 
mixed to form  a hom ogenous product. T he second 
methods is preferable. D ry  blending w ith P V C  in the 
baiibury (fluxing at I 6 0 °C ) is also  done when such vinyl 
modified nitrile rubbers a re  not availab le. It is observed  
that such blends are  superior, m m ost o f  the properties, 
to both N eoprene and N itrile rubbers and ye t a rc  low er 
in cost. A  blend o f 70/30 w ith a  m edium  acrylon itrile  
content rubber to  P V C , gives optim um  results,

ST A T U S O F N IT R IL E  R U B B E R  A S  A N  O IL  
R E SIST A N T  R U B B E R

There are a  num ber o f o il resistant p o lym ers, which  
are presently being used as per the end-application rc- 
quM m em . The follow ing table show s the status o f nitrile  
rubber as an oil resistant p o lym er i,i com parison with  
the newly developed oil resistant rubbers.

Comparative properties of ^ o m e ^ il  resisting polymers

< k ~  S i .
^  U -2 O - 1 ° '^  O
I  . » <  - H i  I ' - g  S 'S  g z  I s

—  —  3 3— 4  2  4
Processabiliiy 
(M il l  mixing) 

Curing 
properlies



Tcnbile strcngiii 
(RT)
properties, 
lemp. dependant 
(TS, EB. Hardness) 
Low. icmp. pcxibility 
Rebound 
Vcrmanont set 
Abrasion 
resistance 
Heat resistance 
Stress relaxation 
Compression set 
O il  r e s i s ta n c e  

(ii) Drop in 
Physicals 

(b) Volume change
A  V
Fuel oil resistance
A  V
Ozone resistance 
Water absorption

Metal corrosion

3
4 
2
3 -^

lA
lA

•aix;
lA  Out sUinding; 1 Excellent, -

4 =  Poor.
•  E p ic h lo ro h y d rin e  bomopolymcr.

Epich lorohydrin . c.hylencoxulc copolymcr.

U w ill be . c n  trom  the table that E pich lorohydrin  

to  low  tem perature propeities at 

tu r bearing oils.



It m ay be thus seen lhal n ilr ile  rubbers Mill rclain 

llicir preseiu slatus as the m ain oil resistant rubber, anil 
the other polym ers m ay suitably suppiem ent it w henever 

tlieir properties m ay effectively replace the deficiencies o f 
nitrile rubber.

BLEN D S O F A C R Y L O N IT R IL E  R U B B E R  
W ITH  SY N A P R E N E  R U B B E R S

A crylon itrilc  rubbers (N B R ) a rc  used p rim arily  fo r  
their oil resistance at both lo w  as w ell as high tem pera­
tures. The availab ility o f im ported ac ry lo n itrilc  rubbers  
m India is rc,stricted, Synaprene rubbers a re  useful ex ­
tenders fo r these rubbers and have better advantages over 
natural rubber. N atural rubber d iffers ve ry  m uch in p o la ­
rity from  N B R  and hence its com patib ility  with N B R  is 
limited. C ure characteristics o f  jia tu ra l ru b b er d iffer from  
those o f N BR. N atural ru bber has p o o r oil-sw ell resis­
tance as well as p o or resistance to  ageing at high tem pe­
ratures. A ddition o f natural rubber to  N B R  is done on ly  
fo r the purpose o f im provem ent o f lack  and lo w  tem pe­
rature properties and is restricted to the extent o f 10-20', i.

Synaprene rubbers, on the other hand, have so lub ilitv  
param eter nearer to  that o f N B R  giving better compati^ 

c l'n a " ;'” '̂‘- a c te r is t ic s  o f\ o th  r u b b r i r e

sio I L T  ’ to  abra-

n o r to thal o f natural rubber.

W hen Synaprene rubbers a rc  blended with N B R  in 

.........



o f oil rcsibUuicL- equal lo  that given by a low  acryloiiitrik- 
N B R, with overa ll cconom y in cost. Products from  high 
acrylo iiitrile N BR have a Icndency to shrink in contact 
with hot Uibricaling oils. Replacem ent by part w ith Syna- 

prcne will overcom e this defcct.

Synaprene 1 5 13 / 15 14  arc  ihc best grades fo r the 
e.Mcnsion o f SB R  because o f their better oil-sw ell resis­
tance. H ow ever, if low tem perature charactecistics (below- 
—  20"C ) are  desired, it is p referrab le to use Syna- 
prenc E BR  o r E B R -O i;. Synaprene 1958  also can be 
used in high hardness o il resistant com pound, e.g. h y ­

draulic press gaskets.

SYN APRE N E/N BR/PVC BLE N D S

P V C  resins are  com patible w ith  N B R. Such prem ixed  
blends o f P V C -N B R  arc  availab le  abroad. P V C  resins 
enhance the oil resistance and especially the ozone resis­
tance o f NB[< com pound. Such blends also  can be Fur- 

' ther extended w ith Synaprene rubber. F or best physical 
properties, it is necessary to  flux P V C  resin in N B R  at 
tem perature around 1 6 0 ”C. This can b e  accom plished by  
making P V C -N B R  niastcrbatch in the banbury o r  ex tru d ­
ing a m ill-m ixed m asterbateh through a p lastic extrud er 
at 160°C . Synaprene rubber can then be m ixed w ith  
this m asterbaicli. Since P V C  resins enhance the oil- resis­
tance o f nitrile rubbers, Ihc m asterbateh can be extended  
with higher quantities o f Synaprene rubbers. T he ozone  
resistance o f the blend decreases as the qu antity  o f Syna-  
prcne is increased, but it can be imp^o^ed b\ the use o f 

proper antiozonants.

Ill the form ulations that fo llow , the clleet o f addition  
o f Synaprene to  N B R  is exp lahied and also  com pounds 

'  to meet various A S T M  (D -7 46) specification are  also  

given.



b l e n d s  w i t h  v e r y  h i g h  
ACR Y L@ N ITR 1LE  r b b b e r

Base R ecipc

Polymer 100 St. Acid 1

FEF 50 A.O. VBN I

Modified P F MBTS 1.5
Resin iO TMTM 0.3
DBP 15 1 c
Zinc Oxide 5 Siilfur I . .1

Cure @ 1S2°C for 15 min.

Compd. No. 
NBR (V. High) 
PVC*
S-1514/1513

1
100

2
75

25

3
50

50

4
45
30
25

5
30
20
50

T.S. 184 m 178 134 134

E.R. 4 ^ 450 44) 175 230

Hardness 65 64 63 81 77

A ged  70 hrs @ 100°C in air

A  T.S. + 9 +  10 -1- 7 +31 +23
a e . b . —29 —25 —30 —43 —43

A  Hardness +  10 4- 9 +  11 +  7 1-10

A ged  70 hrs. @ 100‘̂ C in ASTM Oil No. 1

A  T .S. +  8 + 7 + 2 +  19 H-n
a e .b . —27 —27 —20 — 32 —24

A  Hardness +  8 +  8 Nil _1_ 7 +  8
A  V - 1 1 — 6 3 — 8 -1- 1

Aged 70 hrs. @ lOO'̂ C in ASTM Oil No. 3

A  T.S. +  10 —18 —40 -I- 2 +  10
A  E.B. — 17 —29 —41 —20 —37
A  HardJicbs — I. — 8 — 18 — 3 — 14
A V — 1 + 17 + 43 ■!~I4 + 41
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48 /ir.v, @ r o om  tem pera tu re  in Fetrol.

a t .s . —21 —40 —54 —23 —

A E .U . — 14 —33 —50 —29 —52

A  Hardness — 8 — 11 —12 — 8 — 9

A  V -1-10 +  19 +34 + 12 + 31

Note' By blending Synaprenc 1513/1514 with NBR (High 
ACN conlcnt) any desired degree of oil resistance, whether 
equal lo that of medium acrylonitrilc rubber or equal to that 
of polyehUiropreno rubber can be obtained.
•PVC used for tllis work is a paste grade resin ha^ing ’K' 
value 70.

b l e n d s  w i t h  m e d i u m  h i g h  
A C R Y L O N IT R IL E  R U BB E R

Compel. No.
NBR (Medium) 
Synaprene-1514/1513

too

O riginal p ro p e r t ie s
T .S. 147
E.B . 425
Hurdness 59
Comp. Set9fc 9
Ai>ed 70 hrs. @ lOO^C; in air
A  T.S. +  4
A  E.B. —28
A  Hardness 3

A^eil 70 hrs. @ lOO'̂ C in .iSTM  C
A  T.S. +  7
A  E .B . —23
A  Hardness + 5
A V — 8

A^cd 70 hrs @ 100°C in ASTM C
a t .S. — 5
A  E.B. —24
A  Hardness — 5
A V + 10

A ged  48 h rs @ r o om  lem p era iiire
A  T .S. —56
a e . b . —47
A  Hardness — io
A V + 21

2 3 4

75 50 —
25 50 100

172 149 186
375 360 460
58 59 57

8 12 33

— 8 +  14 —11
— 32 — 19 —55

-1- 5 +  5 +  10
Oil No. 1

—23 +  8 —30
— 33 — 14 —37

+  2 — 1 — 8
— 5 +  3 +23

Oil No. 3
—37 —45 — 85
—39 —36 —73
— 8 — 15 —20
4-28 +55 +  136

I- in P etro l
—63 —59 —77
—49 —49 —72
_  9 — 9 _  7
-1-26 +41 +76



A ST M B G  S E R IE S

Compd. No. \ 2 3 4 5

(SB) (SB) (SB) (Sb7
508 (i()5 610 615 715
BG IJG BG BG BG

NBR (V. High) 70 50 _ 75 (30

NBR (Medmm) — — 70 “ ■ —

S-1514/15I3 30 50 30 25 40

FEF 40 40 50 — 55

GPF — — — 40 —

Hard clay — 60 —
Soft day — 25 — — —
Pptd. CaCO.j 70 50 100 — —
DBF 25 20 25 25 10

Ar. Oil 25 30 25 10 15
Cumur 10 7. 5 10 10 10
Zinc oxide 5 5 5 5 5
S'l. acid 
A. O. I’BN 
CBS

1

1.2

1

1

1.2

MBTS _ — 1.5 1.5
TMTM 0.3 0.3 0 .4 0 .3 U.3
Sulfur 1.6 1.5 1.6 1 .5 1.5

s 7g . 1.3 1.3 1.36 1.3 1.15

Cum @ I52 C /.;/ 15 mituiies.
T .S. 71 73 74 122 153
E.U. 4()5 400 385 515 300
HardiicSsS 4K 5« 56 63 68
Comp, set % — — 26 36



(Table Continued)

A ged  70  hrs. @  100 °C  in air.

A  T .S . +  3 — 8 -  3 +  2 — 4

A  E .B . —23 — 32 — 9 —30 —10

^  H ardness Nil +  5 + 2 +  4 Nil

A ged  70 hrs. @  IOO°C in A S T M Oil N o . 1

J A  T. S. + 6 ■ + 2 Nil + 13 +  7

A  E.B. —26 —55 —22 +  31 —25

A  H ardness +  10 +  5 +  8 +  6 Nil

'■ ' '  A  V — 11 — 9 — 10 — 7 —  2

A ged  70 hrs. @ iOO°C in A S T M Oil N o . 3

A  T .S. —20 - 4 1 — 19 — 12 —25

A  E .B. —21 —34 —25 —29 —32

A  Hardness — 17 — 30 —17 — 6 —10

A V +30 +40 +22 + 18 +26

A g ed  48 hrs. @  room tem perature in Petrol.

A  T .S. — 35 — 28 —39 — —

A  E.B. — 19 —28 —29 — —

* A  Hardness —1.1 —20 — 12 — —

' A  V +  11 +  16 +  9 — —

A  T .S . — — 58 - 5 7

A  E .B . - - 4 0 - 4 2

A  Hardness — — 25 - 2 2

A  V + 5 8 + 49 +  36



O IL R E SIST A N T  C O M P O U N D S  
A S T M  BC SE R IE S

Compd. No. \ 2 3 4 5

(SC) (SC) (SC) CSC) (SC)

505 605 608 708 715

BC BC BC BC BC

NBR (V. High) — — 30 30 30

NBR (Medium) 50 50 — _ —
S-1514/1513 50 50 70 70 70

FEF 20 30 25 40 —
GPF _ — — — 60
Hard clay — — — 60
Soft clay 40 50 50 —
Pptd. CaCO^ 60 135 50 80 —
Brown Factice 15 15 — —

DBF 15 15 15 15 10
Cumar 10 JO 5 5 5
Ar. Oil 35 35 35 35 20
Zinc oxide 5 5 5 5 5
St. acid 1 1 1 1 1
A.O. PEN ■ 1 1 ! I 1
CBS 1. 2 1 .2 1.25 1.25
MBTS — — __ 1.5
TMTM 0.5  0.5 0.3 0 .4 0 .3
Sulfur 2 2 2 2 1.5
S .G . 1. 32 1.28 1.34 1.29 1.33

C ure @ 152°C f o r  15 m inutes. 
T .S . 38 48 58 61 129
E.B. 450 390 425 300 360
Hardness 53 58 62 70 68
Comp, set %

i, 242
36



rA ged  70 hrs. @ lOO-̂ C in air

A  T. S. -hl8 — 5 — 2 Nil +  6
A  E. B. —30 —27 —45 —38 —32
A , Hardness +  4 4- 1 +  2 + 2 +3

A ged  70 hrs. @ lOO^C ill ASTM OH No. 1

A  T. S. - 1 6 - 2 3 + 12 +  3 +  2
A  E .B . —28 —24 — 30 —35 —29

A'Hardncss +  4 Nil — 3 — 2 — 8
A  V — 10 — 3 — 3 — 2 +  10

A ged  70 hrs. @ 100°C1 in ASTM Oil No.
A  T .S . —50 — 31 — 39 —39 —50

A  E .B . — 36 —23 —49 —49 —54

A  Hardness — 30 —24 —30 —35 —23

A  V +67 +45 +75 + 59 +  61

A ged  48 hrs. @ r o om  tem p era tu re m P etro l

A  T .S. - 4 5 —58 —52 —51 -
A  E.Ii. — n —32 ~~b2 —38 “
A  Hardness — 16 — 15 —27 —23 —

A  V +  16 + 17 + 19 + 19 —

A ged  48 hr.s. @ ro om  tem p era tu re  in ASTM F uel U

A  T .S. —66 —64 —69 —65 —

A  E.H. ^ 5 —49 —-18 —

A  Hardness —25 —25 — 33 — 33 —

A  V +60 +44 + 69 +56 -



Stabiliser Stabiliser Grease c
Pad. Bushing Ring

NBR (V. High) 25 25 25
Synaprene-1514 15 75 75

FEF 50 75 50

Hard clay 50 — -
Pptd. CaCOj — 100 —
Whiting 50 — —
Ar. oil 25 10 20
Cumar 15 15 10
Zinc oxide 5 5 5
St. acid 1.5 1.5 1.
A .O . PBN I 1 1
P. Wax i .5 1.5 1.
MBTS 1.25 1.5 1.
TMTD 0.2 0 .15 0.
Sulfur 1.5 1.5 1.

S .G . 1.43 1.45 1.

Cure @ J52®C 10’ 10’ 10'
T .S . 71 73 110
E.B. 300 200 370
Hardness 73 84 73
Comp. Set % - 16 __

Aged 70 hrs at 100“C iH ASTM on. No. 1
A  T. S. —i3 +  4 — 6
A  E.B. — 30 —24 —24
A  Hardness — 8 — 8 — 15
A  V + 13 + 13 + 16



Kerbside pump 
Hose

Pressure / 
Cooker /  
Gasket

NBR (High) 45 40

PVC* 25
Synap rcnel513/I5 l4 30

60
'50

Synaprene-1502 
FEF 15
Soft cJay 50
Whiting 100

30Ppted. CaCOg —
DBP 10
Ar. oil 10 e
P. oil — 3

Mod. P/F Resin 10
A

Cumar 10 e
Zinc oxide 3 1
St. acid 1 1

A .O . SP 1
1.5A .O . Ketone-amine —

P. Wax — L

MBTS 1.5
0.75TMTD 0 .75
0 .3
0.5

TETD —

ZDC
Sulfur 1.5

Lead carbonate 1,25

S .G . 1.53 1 .18

Cure @ 152°C  
T .S .

20’
94

8’
148
(N il)t

E .B . 280 325
(—28)

Hardness 83 69
( + 4)

•PVC paste grade resin, having 'fC' value 70 and nitri'e master- 
batch should be prepared and fluxed at 150“C to get highest 
reinforcing value.
(Results after air ageing at 120°C Cor 70 hrs.



BLEN D S O F SY N A P R E N E  R U B B E R S  
W IT H  P O L Y C H L O R O P R E N E  R irB B E R S

Synaprenc rubbers can be conven iently  used fo r  llie 
extension o f po lyc liloroprene rubbers to  im prove tlic 
crystallization resistance and the com pression set resis­
tance, The ozone resistance p rop o rtio n a te ly  decreases but 
it can be brought up to the fo rm er levels b y  the use o f 
antiozonants. W hen the low  tem peratu re p roperties  are 
im portant Synaprene 1500 and Syn ap rene 1 5 0 2  should be 
preferred while Synaprene 1 5 13 / 15 14  should be preferred  
where oil resistance is the m ain requirem ent.

It is reported that po lych lo rop rene S B R  b lends have 
better resistance to  d iscoloration in sunlight than p o ly ­
chloroprene rubbers alone.

Comp. No. 1 2 3 4 5
CR 100 75 50 75 5U
.Synaprene-1500 — 25 50 __

Synaprcnc-1514 ~ _ _ _ 25 50
FEF 50 50 50 50 50
Ar. oil ]5 15 15 15 15
Naph. oil 15 15 15 15 15
7Jnc o.sidc 5 5 5 5 5
S(. «'icid 0.5 0.75 1 0.75 1
A.O. PliN 1,5 1.5 1.5 1.5 1.5
Ligiu MgO 4 3 2 3 2
TMFM 0.5 0.75 1 0.75 1
DOTG 0.5 0.75 1 0 .75 i
Sulfur 1 1.25 1.5 1.25 1.5
Cure @ 152^C f o f  15 n iiim ies. 
T .S. 163 134 167 151ii.B . 450 452 375 400 325Jlardncss 49 53 53 53 53Comp. SCI % 58 49 26 50 28
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A ged  70 krs. at 
A  T. S.
A  E .B .
A  Hardness

A sed  70 h rs at 
A  T. S.
A  E .B .
A  Hardness
A  V

70 h rs at 
A  T .S .
A  E .B .
A  Hardness 

A  V

A ged  48 hrs at 
A  T .S .
A  E .li.
A  Hardness 

,  A V

A ged  48 h rs ar 
A  T .S .
A  E.B.
A  Hardness 

A  V

lOO'^C in air 
— 4 + 2
—22 —27 ~T1 —25 +  17

+  4 + 5 +  5 +  7 + 4

100°C  i n  ASTM O il  Mo. 1
— 8 +  6 — 7 — 6 —12
— 31 —24 —25 —28 —23

+  6 nil _  1 nil _2

— 4 — n 4 +  1 +  5

100°C m ASTM 0 !L  N o .  3

—62 —61 —63 —70 —72
—53 —50 —54

—24 —25 —22 —25 —21

+77 +93 +94 +86 +83

' r o o m t a n p e r a t i i r e in  P e tr o l

—53 —53 —61 —68 —73

—^0 —50 —53 —50 —54

— 8 — 10 — 12 — H —12

-h24 +38 +52 +37 +42

r o o m  1te m p e r a tu r e ifi F u e l  B

—76 —73 —77 —73 —83

—62 —66 —67 —62 —69

— 14 — 16 — 12 — IS —15

+72 +80 +96 +78 +74



SPECIAL HOSE * BATTERY BOOT
CR 80 50
Synaprene-1514 20 f 50
FEF 25 60
Soft day !00
Whiting — 40
Cumar 7 —

Ar. oil _ 30
Naph. oil 7 _

P. Jelly _ _ 2
A.O. PBN 1 O !
P. Wax 1 ^  _
DPG 0.75 0.5
TMTM 0.75 0.5
Sulfur 1 1
MgO 4 2
Zinc oxide 5 5
Ethylene Thiourea - 0 .2
S.G . 1.6 1.33
Cure @ 152‘’C 10' 10’
T .S. 85 126
E.B. 320 380
Hardness 71 58
A ged  70 An. @ 100“C in ASTM Oil No. 1
A  T .S. -1- 5 —28
A  E.B. —30 —26
A  Hardness — 3 — 10
A  V +  5.5 +  15
A ged  70 hrs. @ 100°C in ASTTM Oil No 3
A  T .S. —26
A  E,B. —39
A  Hardness -h 33 -

— Mnvi uciivvry.
t20 phr 1513 may be used in place of S-1514.
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Diipersioii in 
rubber

Solubility

H andling

A pp licatio ns

Ha.sy, uniform  and fast.

V ery  f r e e ly  soluble in benzene, 
carbon tetrachloride, m ethylene 
chloride, ethyl alcohol, ethyl 
acetate, acetone. Soluble in 
petrol, p ractically insoluble in 

water.

A s  it is alkaline, should not be 
allow ed to  com e into contact 
w ith  skin fo r a  long time. H ow­
ever in vulcanized rubber, it is 
believed to  be harmless.

Ebonites, battery containers, 
typew riter ro llers, industrial 
ro llers, solid tyres, m ixes con­
taining high proportions o f re ­
claim  cycle tyres, ty re  repair 
m aterials and general moulded  
and m echanical goods. (A s  n 
is a  staining type o f  accelerator, 
it should not be used fo r  white 
o r coloured products).



r e l a t i v e  p r o p f r

S p e c if ic  G r a v i t y  

H a rd n e s s  r a n g e  S h  'A '

T e n s iJc  S t r e n g th :  C u m

R e in fo r c e d

R e s il ie n c e  

T e a r  r e s is t a n c e  

A b ra s io n  r e s i s t a n c e  

I r a p e r m e a b i l i l y  to  g a s e s  

•A tm o s p h e r ic  a g e in g  r e s i s t a n c e  

O x id a t io n  r c s is t a o c e  

H e a t r e s is t a n c e  

C o m p re s s io n  set 

L o w  te m p , f l e x ib i l i t y  

P ia m c  r e s i s t a n c e  

A c id  r e s i s t a n c e :  D i lu te

C o n c e n l r a le d

A lk a l i  r e s is t a n c e  

O IL  R E SIST A N C E

0 )  A n im a l  a n d  v e g . o i ls

( 2)  A l ip h a t ic  h y d r o c a r b o n s

(3 ) A r o n r a i ic  h y d r o c a r b o n s  

SO L V E N T  R E SIST A N C E

(1 ) A l ip h a t ic  s o lv e n ts  

<2) A r o m a t ic  s o lv e n ts

(3 ) C h lo r in a te d  s o lv e n ts

(4) O x y g e n a t e d  s o lv e n ts  

D ie le c t r ic  S t r e n g th  

E le c t r ic a l  I n s u la t io n  

A d h e s io n  to  M e ta l s

0.94
40-100
P

V G

G

G

G -V G  

G -V G  

' P -V G  

: G 

^VG 
. G -V G  

! G

i P -G »
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1
’ F -G

I f - g  

i F
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, P

i gi
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G -E

E

0,93
40-100
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E - 0
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! P
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V G

O-VG
E

P

F -G

F -G

G

F -G

F -G

F

P

P

P

G

I ®
|g >e

VG

* S u i t a b ly  c o m p o u n d e d

Ratings : p .

0.93
30-100
G

E

V G

V G

G

F

P -V G

G

G

F -G

V G

P -G *

F -G

F

G

P-F
P

P

P

P

G

E

G -U

V G

0.92
4 0 -7 5

V
G

P

G

F-C
E

G - E

G - E

G - E

F

F

P

E
I
: a 

E

p
P

P

G

:e
G - E

G

0,86

45-̂ J
P

G ^

F-G

G

G-VG

F

E

E

G -E

P-G

G

P-G *

<i,,

G

• Poor, F — Fair, G — Good*

Comp



S i r i l c

NBR

O u

I t s

P o iy
s u lp h id e

PS

>> r t  ^  

S f - "
D

S i l i c o n c

S i .

F lu o r o -  j 
c a rb o n  

F L

•fyp a lo n
C S P E

P O ^A '
c r y l a t c

A B R

o
o  -S
2  -a

•5.-=
Uj

I 1

,98-1 .0 1.23 i U25-1.34 1.05-1 .24 — 1 .7 2 ^ 0 2 1.1 1.09-1.12 1.27-1 .36

WOO «JO“ 95 ! 2 0 -8 0 20-100 2 0 -9 0 5S -8 0 45 -95 4 0 -90 40-95
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i

VG
•

' j % _  Very G ood. E —  Excclknt, 0  —  Outstanding



R ELATIVE G A S  P E R M E A B IL IIV  O F S O M E  
VU LC AN IZE D  E L A S IO M E R S *

Efastomers Air 0 2 H2 He C 0 2 N2

Nauinit rubber 100 UM) 100 100 100 lot)

S>naprcnc-15i)0 65 74 IS 76 72 60

Synaprcnc
21 25 6 25 24 20

Synaprcnc-1712 70 KO 25 80 78 65

Synaprcne-EBR-OE 228 258 63 265 252 210

1‘olychloroprenc
(Mcrcapljui
modified)

23 16 3.6 15 15 12

Nilrilc
(Low’'/'o ACN)

21.7 24.5 6 25 24 20

Nilrii :̂
(Medium % ACN)

9.7 U — 11.4 10 .8 9

Nitriic
(High /̂c ACN)

5.4 6.2 6 .3 6 5

Nitrlle/HVC
(70:30)

3,25 3.7 — 3.8 3.6 3

Butyl 3.25 3.7 — 3.8 3.6 3
Polysulphide t.2 3.2 2 .4

* (» 50 phr HAF Loading.



Synaprcne S -2000  latex is a  co-polynicr latex o f 

Styrene and Butadiene m anufactured by a  hot emulsion 

polym erisation system. This special la lex, ha 'in g  line 

particlc size, is developed fo r ly re  cord dipplfigs.

SPt;CIFlCAT10NS

( Icntalive)

P rop ert ies Min. Ma.v. T yp ica l

Total Solids % 40 44 42.6

Bound Styrene 44 48 45 .2

Residual Slyrenc % - 0.1 —

of Solids 60 90 12

f Surface Tension dynes/cm 
@ 25^C

47 53 49,4

pH 10.5 11.5 10.75

I Sp. Ciravily of Latux 
25^?/25'^C

Q .n

A P P L IC A T IO N : A  versatile  latex fo r tyre  cord

dipping. M ay be used fo r com pounding adhesives fo r  

footw ear and paper industry. O ther applications arc  

upholstery, and carpel backings, paper and board satu­

ration and linings fo r  proo fed  goods like fire-lighting  

hoses, etc.



C O R D  D i P

TAnLB I 
RKSI-N M A S irU

Rcsorciiiol
Forrnaklehydc (4<)'v) 
Sodium Hydroxide (10% )

Tot;il Solids Cc 
pH

Dry l*arl.s/jno RHC
11

6

0.3

17.3
5

7 to 7.5

TABLE II 
Final Dip Composiiion

Resin Master 
Vinyl Pyridine LalcK 

VP)
Synnprciic S-200Q Lalex 
Amniofiium Hydroxide

( « )

Total St>lids %

K O IE S  U )  A tid ilio n a l M l c r  m ay he c a r . fu l iy  added lu  gel 
the abovc-mcnuoncd perccnt solids at both the

12) R fM n ra a iic r m ay be ripened f. i,  2 lo  6 |k.ui,s (<!/ R T  o r below.

Hinal d ip  com poM iion m ay be aged fo r  one dav 
prior to use.

very limited,
henee carefu l handling i ,  expee.ed,

f o r  R ayon f o r  N ylon
Dry Paris Dry ParlN

17.3 17.3
20 HO

m 20
q.S, q.S.
fur for

pH 8 to 8.5 pH 10 to in .5
12 20



Bombay-20 (BR )- Synthachem

T d -. 292920

" " " ‘‘‘ ‘u i l Z m n m c S  & C H E M I C A L S  L T D .. 

f  Brabourne Road. ( « h  F loor).

C alcu tta-1. -  - Synthachem
T el: 222652. 222653

Delhi A re a :
M/s SY N T H E T IC S  & C H E M I C A L S  L T D .,

8. Sh ahecd B h agat S ingh R o a d .

New Delhi-1.
T el: 4 5 0 4 )-2  G r a m : Synthachcn

Madias Area-.
M /s. SY N T H E T IC S  & C H E M I C A L S  L T D .,

Sare Mansion, 123, M ount R oad,
Madras-6.

Tel-. 82297 Synthachem

Technical Service'.

T E C H N IC A L  S E R V IC E  L A B O R A T O R Y ,  
Industry M a n o r, G ro u n d  FloorJPrabhadcvi, 
B om bay-25 D D .
Teh. 452358 Gram: Synthachemi





t h e  i n f o r m a t i o n  p r e s e n t e d  in  t h i s

SY N A P R E N E  R U BB E R  H AN D  B O O K  I S  BA SE D  

ON O U R  L A B O R A T O R Y  T E ST S AN D  D A T A  

BE LIE VE D  T O  BE A C C U R A T E . W H ILE  THE  

i n f o r m a t i o n  W IL L  BE O F V A L U E  TO Y O U  

FU R N ISH IN G  TH E R EO FF SH A L L  BE W IT H O U T  

a n y  W A R R A N T Y  EITH ER E X PR E SSE D  O R  

IM P L IE D  A N D  T H IS C O M P A N Y  W IL L  NOT 

a c c e p t  a n y  L IA B IL IT Y  F O R  L O S S  O F W H A T ­

E V E R  N A T U R E  W H IC H  M A Y  BE IN CURRED  A S  

A  R E SU L T  O F T H IS IN FO R M A T IO N . R E PR O D U C ­

T IO N  O F M A T T E R  F R O M  T H IS H A N D BO O K, IN 

p a r t  O R  W H O L E , M A Y  BE D ONE W IT H  P R IO R  

P E R M ISSIO N  O F PU B L ISH E R .



î age No. Line Incorrect Correct

1 I? affo ris efforts

Banbury
Power
Study

In Fig. 1. &
Fig. 2

kwh KW

74 7 reinforced reinforces

93 sub title Passanger Passenger

93 last line compd. 5 has compd. 5 fo r

10! 18 climintaes eliminates

H3 18 preperred preferred

189 2 resistance
oxidative

resistance lo 
oxidative

189 4 ands 1514 and S-1514

208 3 fo r compd 
1 and 2

foe compd.
1 and 2 

60.0 60.0

249 above 
column ‘B’ - phr

above 
column ‘C’ - S.G.

above 
cohimn ‘D’

Rs./kg.

above 
column ‘E’ Total Cost




