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GLOSSARY

NR Natura l  Rubber

SBR Styrene  -  Butadiene Rubber

1,2 PB - 1,2 Polybutadiene

EVA Ethylene  Vinyl Acetate

PVC Poly  VinylZChlor ide

NBR A cry lo n i t r i l e  -  Butadiene Rubber

CR Chloroprene  Rubber

MBTS Mercapto benzo th iazy l  d i s u l f id e

TMTD Te t ram e th y l  th iu ram d i s u l f id e

DNPT N-N' Dini t rosopentamethylene  Tetraraine

DEG Diethylene  Glycol



S Y N O P S I S

A d a p tab i l i ty  of 1,2 Po lybutad iene  as a subs t i tu te  fo r  h igh  

s ty rene  r e s in  in conventional m ic ro ce l lu la r  ap p l ic a t io n s  was s tu d ie d .  

Microce l lu la r  sh e e t s  p r e p a r e d  from s ix  d i f f e r e n t  hompounds with  

va ry ing  1,2 po ly  bu tad iene  content in NR/1 ,2 PB blends were  evalua ted  

for  t h e i r  te ch n ica l  p r o p e r t i e s  in comparison w i th  those  of the  con- 

ventional h igh  s ty re n e  b a sed  one. Different combinations of f i l l e r s  

such a s  c l a y ,  s i l i c a ,  aluminium s i l i c a t e  and microcrumb were  a lso 

evalua ted  f o r  t h e  t e c h n ic a l  p r o p e r t i e s  in 1 , 2  po lybu tad iene  based  

so le s .  The e ffect  of d i f f e r en t  ex ten ts  of blowing on sole  p r o p e r t i e s  

were a lso  examined .  Cel l  c h a r a c t e r i s t i c s  - of seven s e lec ted  v u lca -  

nizates  were  s tu d ie d  using scanning elec tron microscope .

The above s tu d i e s  r e v e a l e d  t h a t  1,2 poly butadiene  can 

contr ibu te  to  l ig h tn e s s  of th e  p ro d u c t ,  h i g h e r  production  output,  

h igh f lex  l i f e ,  l e s s  blooming and saving on chemica ls  such as  blowing 

agent .  However some of t h e  d e s i r a b l e  p r o p e r t i e s  l ik e  s p l i t  t e a r  

s t r en g th ,  h a r d n e s s ,  compress ion  s e t ,  e t c .  a r e  s l i g h t ly  i n f e r io r  V 

compared to those  of the  conventional p ro d u c t .
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CHAPTER -  1 : :  INTRODUCTION



T here  h a s  been tremendous growth  in v a r io u s  t y p e s  of r u b b e r s  

and p l a s t i c s  in recen t  y e a r s  and i t s  e f fec t s  a r e  found in footwear 

in d u s t ry  a l s o .  Various t y p e s  of po lym ers  and i t s  b lends  a re  used

in footwear to  ach ieve  sp ec i f ic  combination o f  p ro p e r t i e s -  such a s  

l ig h tn e s s ,  wearing comfort ,  d u r a b i l i t y ,  s t i f f n e s s ,  e t c .

Until  com para t ive ly  recen t  t imes  l e a t h e r  was th e  m a te r ia l  

la rg e ly  used f o r  footwear soling a p p l i c a t io n .  I t  was about 50 y e a r s  

back  t h a t  r u b b e r  s t a r t e d  competing with  l e a t h e r  in soling a p p l ic a t io n s .

The most Significant miles tones  in t h e  development of r u b b e r  

solings  in footwear  w ere  t h e  in t roduct ion  of r e s i n  r u b b e r  ju s t  a f t e r  

the  w or ld  w a r  and th e  in t roduct ion  of d i r e c t  moulded sole  in 1955^^^.

The im por tan t  requ i rem en ts  of a modern soling m a te r ia l  a r e : ’

(1) Economic a v a i l a b i l i t y

(2) Adequate  d u r a b i l i t y

(3) F le x  r e s i s t a n c e

(4) High coeff ic ien t of f r ic t ion

(5) Dimensional s t a b i l i t y

(6) Comfort  and ' f a s h io n '  a p p ea l



Lea ther  and c e l l u la r  solings  a re  the  r i g h t  mate r ia ls^

recommended as  footwear so ling m a te r i a l .  Product ion and process ing  

of l e a t h e r  solings  a r e  ex pens ive  compared  to s y n th e t ic  so l ings .  Average 

l e a t h e r  i s  s t i l l  only one t h i r d  w ear  r e s i s t a n t  compared to sy n th e t i c

so le .

1 .1 .  Syn the t ic  C e l lu la r  Soliags  ‘

(3)1 . 1 . 1 . Cel lu la r  o r  Expanded M a te r i a l s ^
/»

Cel lu la r  m a te r ia l s  h a v e  been im por tant to man s ince  p r im i t iv e  

man began to  use wood, a c e l l u l a r  form of the  po lymer  Cel lu lose .

The world  Cel lu la  of la t in  o r ig in ,  means v e r y  smal l  c e l l  o r  room.

High s t r e n g th - to -w e ig h t  r a t i o  of wood, good insula ting  p r o p e r t i e s  of 

cork  and b a l sa  have  given t h e  background fo r  t h e  development of 

syn th e t ic  c e l l u la r  p o ly m e rs .  The f i r s t  commercial  c e l l u la r  po lymer  

was sponge r u b b e r ,  in t roduced  between 1910 and 1920. Cel lu la r  

polymers  have  been commerc ially  accep ted  in a wide  v a r i e t y  of a p p l i c ­

ations  since  1940 ' s .  These inc lude  fu r n i tu re ,  bed d in g ,  comfort  cush ion­

ing,  automotive s e a t s ,  e l e c t r i c a l  in su la t ion ,  packaging , swimming b e l t s ,  

l i f e  buoys ,  a i r c r a f t  a p p l i c a t io n ,  e t c .

C e l lu la r  po lymer  i s  de f ined  a s  a po lym er  t h e  a p p a r e n t  d e n s i ty  

of which  i s  d e c r ea se d  s u b s ta n t i a l l y  b y  th e  p re sence  of numerous ce l l s  

d i s p e r s e d  th roughout  i t s  m ass .  C e l lu la r  po lym ers  cons is t  of a two-  

p h ase  g a s - so l id  sys tem in w hich  t h e  so l id  i s  a sy n th e t i c  p l a s t i c  o r  

r u b b e r  and i s  continuous.  The gas  p h a se  in a c e l l u l a r  po lym er  i s



usual ly  d i s t r i b u t e d  in v o id s  o r  p o c k e t s  ca l led  c e l l s .  These  ce l l s
I

may be in te r -connec ted  in a manner such t h a t  gas may pass  from one to 

an o th e r ,  in which  case  th e  m a te r i a l  i s  te rmed  Open c e l l e d . If  the  

ce l l s  a re  d i s c r e t e  and th e  gas p h a s e  of each one i s  independent  of 

t h a t  of the  o th e r  ce l l s  th e  m a te r ia l  i s  te rm ed  Closed  c e l l e d .

Sponge r u b b e r  and expanded  r u b b e r  d e s c r i b e ,  those  c e l lu la r  

r u b b e r s  p roduced  b y  expanding b u lk  r u b b e r  s tocks  and a re  open-ce l led  

and c lo se d -c e l l e d  r e s p e c t i v e l y . La tex foam r u b b e r  a lso  i s  an open 

c e l lu la r  r u b b e r  and i s  p roduced  b y  f ro th ing  compounded r u b b e r  l a tex  

and then  vulcanis ing  i t  in th e  expanded  s t a t e .

(4)1 . 1 . 2 .  Development of expanded  r u b b e r s

(a) By using inorganic blowing agents  and so lvents

The f i r s t  exper im ent  on t h e  p r e p a ra t io n  of expanded  r u b b e r

was r e p o r t e d  in England b y  th e  m idd le  of th e  l a s t  cen tu ry .  Natura l

Rubber  and Gutta p e rc h a  w ere  t h e  only s u i ta b le  h igh  po lym er ic  su b ­

s tances  a t  t h a t  t ime .  These  i n i t i a l  p r o c e s s e s  u t i l i s e d  an expanding

agent,  t h e  com para t ive ly  e a s i l y  decomposable  ammonium carbona te ,

in th e  mix along w i th  tu rp en t in e  and o t h e r  so lv e n t s .  In 1856, t h e

f i r s t  commercial  manufacture of expanded  r u b b e r  m a te r ia l  in a v e r y  

smal l  sca le  in t h e  shape  of a s t i c k  w h ich  was used  f o r  c leansing

l e a t h e r  g loves  was s t a r t e d  in England.  In America th e  manufacture

of expanded  r u b b e r  s t a r t e d  in 1902 to  1905. In Germany and America

from where  France  was s u p p l i e d  w i th  expanded  r u b b e r  in th e  p e r io d



before  th e  f i r s t  wor ld  w ar ,  a s e r i e s  of low boi l ing  so lven ts  l ik e  

a lcohol ,  amyl ace ta te ,  carbon t e t r a c h l o r i d e ,  e tc  were  used .  Mixing 

of so lven ts  was however  found d isadvan tageous  on account of the  

occurance of l a rge  quan t i ty  of so lven t  lo s s .

Good d i s p e r s io n  of th e  blowing agent in t h e  mix ,  t h e  t iming 

of vu lcan iza t ion  p ro cess  and t h e  r a t e  of decomposit ion of the  blowing 

agent a r e  d e c i s i v e  fac to rs  fo r  a good expan d ed  m a te r i a l .  With the  

in troduction of organic  a c c e le r a to r s  and s t e a r i c  a c id  in r u b b e r  p r o c e s s ­

ing^ th e  inorganic  ca rb o n a te s ,  ammonium carbonate  '-and ammonium b i ­

carbonate ,  ga ined impor tance .  S tea r ic  a c id  i s  simultaneously an 

a c t iv a to r  fo r  t h e  blowing agent and i s  a softening agent fo r  the  r u b b e r

m ixes .  By t iming t h e  vulcaniza tion w i th  t h e  blowing p roce ss  and

■using su i t a b le  a c c e l e r a to r s ,  a v a r i a t io n  i s  p o s s i b l e  in t h e  d en s i ty  

and ce l l  s t ru c tu r e  of the  blown m a te r i a l .

(b) By Gasi f ica tion with  i n e r t  gas

For  t h e  development of c e l l u l a r  r u b b e r  w i th  c losed and mostly
%

v e r y  fine p u r e  s t ru c tu r e  w hich  i s  d i s t in g u i s h ed  by  t h e i r  sp ec ia l  

mechanical  p r o p e r t i e s  (eg: damping of o sc i l l a t io n )  as  wel l  as t h e i r

su p e r io r  th e r m a l  and acous t ic  insu la tion  p r o p e r t i e s  in th e  form of 

ce l lu la r  h a r d  r u b b e r ,  t h e  inves t iga t ion  of P l feumer  l a id  th e  ground 

w ork .  He d i s c o v e r e d  t h a t  r u b b e r  can be  c h a rg ed  w i th  an i n e r t  gas 

l ik e  Nit rogen, under  p r e s s u r e  at  v e r y '  h igh  t e m p e ra tu re .  That i s ,  

t h e se  gases  a r e  d i s s o lv e d  in r u b b e r  under  th e  condit ions employed 

on i t .  The f i r s t  b a s ic  pa ten t  was  taken  by  Pf leumer .in 1910 and



ce l lu la r  r u b b e r  was p roduced  by  t h i s  method in England in 1911. 

La te r  many development work  h a d  taken p la ce  in UK, USA and Germany, 

to improve t h i s  p r o c e s s .  The p r e p a r e d  mix was gassed in sp ec ia l  

autoclave p r e f e r a b l y  with  Nitrogen under  a p r e s s u r e  of 100-300 atm. 

and v e r y  h ig h  t e m p e ra tu re .  During t h i s  p ro c e ss  prevulcaniza t ion  

w i l l  occur w h ich  h i n d e r  t h e  formation of la rge  dimension p o r e s .  Thus 

a f t e r  complete vulcaniza tion a c e l l u la r  r u b b e r  w i th  comple te ly  closed 

pores  w i l l  be  o b ta ined .  The degree  of expansion i s  dependent on 

the  a p p l i e d  gas p r e s s u r e ,  t h e  dura t ion  of gass ing ,  t h e  i n i t i a l  p l a s t i c i t y  

and th e  method of mixing.  Some modif ication to  t h e  P l f eu m er ' s  method 

was done b y  Denhon in England in 1930.

Due to t h e  un sa t i s fac to ry  p r o p e r t i e s  of inorganic  s a l t s  and 

o the r  blowing agen ts ,  organic  blowing agents were d e v e lo p e d .  Organic 

blowing agents w h ich  l i b e r a t e  ni trogen  a re  p r e f e r r e d .

1 .1 .3 .  Theory  of Expansion P r o c e s s ^

C e l lu la r  po ly m ers  may be  p r e p a r e d  by  a v a r i e t y  of methods .  

The most impor tan t  p r o c e s s ,  b y  f a r ,  cons is ts  of expanding a f lu id  

polymer  p h a se  to  a low d e n s i ty  c e l l u la r  s ta t e  and then p re s e rv in g  

t h i s  s t a t e .  Th is  has  been te rm ed  foaming or  expansion p r o c e s s .

The expans ion p ro c e ss  may be  d iv i d e d  in to  t h r e e  s t e p s .

(1) Creating sm al l  d i s co n t in u i t i e s  o r  c e l l s  in a f lu id  o r  p l a s t i c  p h a se ,

(2) Expansion  of th e  c e l l s  fo rm ed ,

(3) S tab i l i s a t ion  of th e  c e l l s .



Stab i l i sa t ion

FIG1*A STEPS IN PREPARATION OF CELLULAR POLYMERS

GROWTH OF CELLS

-  P = A  P = ^  ^  -  ^ 1  

COALESENCE OF CELLS



The in i t ia t ion  o r  nucleation of ce l l s  w i l l  be  spoken of h e re

as th e  formation of ce l l s  of such s i ze  t h a t  i t  can grow under the

exper im en ta l  condi t ions .  The growth  of a c e l l  in a f lu id  medium

is  con tro l led  b y  the  p r e s s u r e  d i f fe rence  of th e  c e l l ,  th e  surface  tension 

of t h e  f lu id  p h ase  V  , and th e  r a d i u s  2 ',  of th e  c e l l  according  to

th e  equation

„  _ 2Y (1)

The p r e s s u r e  ou ts ide  the  ■ c e l l  i s  t h e  p r e s s u r e  imposed on 

the  f lu id  su r face  by i t s  su r round ings .  The p r e s s u r e  in s id e  the  ce l l  

i s  th e  p r e s s u r e  generated  b y  th e  blowing agent which i s  d i s p e r s e d

or  d i s s o lv e d  in the  f lu id .

. During the  t ime of c e l l  growth  th e  following fa c to r s  a r e  to

be accounted fo r .

(.1) The f lu id  v i s c o s i t y  i s  changing c o n s id e rab ly  which  tends

to inf luence the  c e l l  g rowth  r a t e  and t h e  flow of po lym ers  

from c e l l  wall s  to in te r s ec t io n s  leading to co l lap se .

(2) The r a t e  of growth of c e l l  depends  on th e  v i s c o e la s t i c  na ture  

of th e  polymer  p h a s e ,  t h e  blowing gas p r e s s u r e ,  t h e  e x te rn a l  

p r e s s u r e  on the  foam and t h e  permeation r a t e  of t h e  blowing 

agent th rough  the  po lym er  p h a s e .

»
(3) As a consequence of equat ion (1 ) ,  t h e  jJ fessure  in th e  c e l l  

of sm a l le r  r a id u s  i s  g r e a t e r  than  t h a t  in th e  c e l l  of lai^er



r a d iu s ,  r ^ .  The re  w i l l  thus  be a tendency to equa l i se  these  p r e s s u r e s  

e i t h e r  by  b reak in g  t h e  wall  s epa ra t ing  th e  ce l l s  or by diffusion of 

t h e  blowing gas from th e  smal l  to th e  l a r g e r  c e l l s .  The p r e s s u r e

dif ference  ( A ^ )  between c e l l s  of r a d iu s  r^ and i s  shown by  the  

equation (2 )

P = ........... . . . . ( 2 )

schematic rep resen ta tion  i s  given in  F ig ,  1A & 1B 

STABILIZATION OF THE CELLULAR STATE

The in c re a se  in surface  a rea  corresponding  to t h e  formation

of many ce l l s  in t h e  p l a s t i c  p h ase  i s  -accompanied by  an inc rease  

in t h e  f r ee  energy  of the  system and hence th e  expanded  s ta t e  i s  

in h e re n t ly  u n s tab l e .  Methods of s t a b i l i s i n g  t h i s  expanded  s ta t e  can 

be  c l a s s i f i e d  as

(a) Chem ica l ; -  By t h i s  t h e  f lu id  p h ase  i s  changing into a t h r e e

dimensional th e rm o se t  polymer

(b) P h y s i c a l ; -  In t h i s  , t h e rm o p la s t i c  p o lym ers  a r e  s t a b i l i s e d  by

cooling th e  expanded  po lymer  to  a t em pe ra tu re  below i t s  second o r d e r  

t rans i t ion  t e m p e ra tu re  o r  i t s  c r y s t a l l i n e  melting po in t  to p rev en t  

polymer  flow.

1 • 1 • 4. Manufacturing P rocess  fo r  C e l lu la r  P o ly m e r s ^^^

C e l lu la r  p o lym ers  h ave  been p r e p a r e d  by  aj wide v a r i e t y  

of p ro c e ss ,  invo lv ing  many methods of c e l l  i n i t i a t io n ,  ce l l  growth



and ce l l  s t a b i l i s a t i o n .  Most convenient c las s i f ica t ion  i s  based  on 

ce l l  growth and s t a b i l i s a t i o n .

According to, equation (1)^ th e  growth  of ce l l  depends  upon 

the  A P  between th e  in s id e  of th e  ce l l  and th e  surJounding medium. 

Such p r e s s u r e  d i f fe rence  may be genera ted  b y  lowering th e  ex te rna l  

p r e s su re  (decompress ion)  o r  by  inc reas ing  th e  in te rna l  p r e s s u r e  

(p re s su re  generation) o r  known as ex pandab le  t y p e .

Manufacturing methods are given in  a chart form in  

Figure 1C,
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(1) P h y s i c a l  S tab i l iza t ion  Process

e g ; -  P o l y s t y r e n e ; -  This i s  p r e p a r e d  by  heating po lym er  p a r t i c l e s  

in th e  p re sence  of a blowing agent and s tab i l i z in g  t h e  c e l lu la r  s t ru c tu re  

by  cooling th e  moulded a r t i c l e .

(2) Chemical S tab i l iza t ion

e g ; -  Po lyure thane  foam; -  Chemical in g red ien ts  of PU foam system 

a re  a polyfunc t iona l  i socyana te  and a h y d r o x y l  containing po lym er .

OCN-R-NCO+HO-R-OH

Orig ina l ly  CO2 was g enera ted  In - s i tu  as  a blowing agen t .  Now 

r ig i d  PU foam yis p roduced  b y  using v o la t i l e  l i q u i d s .  P h y s i c a l  p r o ­

p e r t i e s  of t h e  f ina l  c e l lu la r  m a te r i a l  can be  v a r i e d  b y  contro ll ing  

th e  degree  of c ro s sC l in k in g  and a lso  b y  th e  s t r u c tu r e  of R and R. 

Average molecular  weight be tween c r o s s C l i n k s  f o r  d i f f e r en t  t y p e s  of 

PU foams a re  given below;

400 -  700 

700 -  2500 

2500 -  20000

For  r i g i d  PU 

For  semi r i g i d  PU 

For  f l e x i b l e  PU



( 1 ) P h y s i c a l  S tab i l i sa t ion

eg. Cel lu la r  P o ly s ty r e n e ; -  Ex t rus ion  method i s  used in t h i s  p r o c e s s .  

A solution of blowing agent in molten po lymer  i s  formed in an e x t r u d e r  

under p r e s s u r e .  This  solution i s  fo rced  out th rough  an o r i f i c e  onto 

a moving b e l t  a t  ambient t e m p e ra tu re  and p r e s s u r e .  Blowing agent 

then v a p o u r i s e s  and causes t h e  po lym er  to  exp an d .  The po lym er  

i s  simultaneously  expanded  and cooled under  such conditions  t h a t  

i t  h a s  deve lo p ed  enough s t r e n g th  to  a t ta in  dimensional s t a b i l i t y .

In t h i s  case  s ta b i l i s a t io n  i s  a c h ie v e d  by  cooling the  po lym er  p h a se  

to a t em pe ra tu re  below i t s  Tg.

(2 ) Chemical S tab i l i sa t ion  P rocess

C e l lu la r  r u b b e r  and c e l l u l a r  ebonite  a re  produced  by  t h i s

method.

C e l lu la r  R u b b e r ; -  The te rm C e l lu la r  r u b b e r  r e f e r s  to an expanded  

e las tomer  w h ich  has  been p ro d u ced  by  expansion of a r u b b e r  s tock  

in con t ra s t  to  l a t e x  foam r u b b e r ,  w h ich  ha s  been produced  from l a t e x .

A decomposable  blowing agent  along w i th  vulcanis ing sys tem s  

and • o th e r  a d d i t i v e s  i s  compounded w i th  t h e  uncured e las tom er  a t  

a t e m p e ra tu re  below the  decomposit ion temjperature of th e  blowing 

a g en t .



When the  uncured e las tom er  i s  hea ted  in a foaming mold i t  

undergoes a v i s c o s i ty  change as  shown in th e  following figure  1D*

V is c o s i ty

Time/Temperature 

Figure 1D
Fig .  Viscos i ty  of c e l lu la r  r u b b e r  s tock  during production  cycle

Blowing agent and vulcan is ing  system a r e  so chosen to obta in  

ce l lu la r  ru b b e r '  of d i f f e ren t  q u a l i t i e s  i e .  open c e l l ed  or  c losed c e l l e d .

(1) Open ce l led  c e l lu la r  r u b b e r ; -

To produce  t h i s  t y p e  of r u b b e r  t h e  blowing agent i s  d e c o m p o s e d  

jus t  p r i o r  to  po in t  'B '  in t h e  f ig u r e .  So t h a t  t h e  gas i s  r e l e a s e d  

a t  the  po in t  of minimum v i s c o s i t y .  As t h e  po lym er  expands^ th e  c e l l  

wal ls  becomes th jn  and r u p t u r e ,  ho'Wever t h e  connecting wa l l s  h a v e  

developed  enough s t r e n g th  to  su p p o r t  t h e  foam. The p rocess  i s  c a r r i e d  

out in one s t e p  in s id e  a mold under  p r e s s u r e .



;

The timing of blowing agent decomposit ion i s  more c r i t i c a l  

in t h i s  case  -  i t  must occur soon enough a f t e r  poin t  ' A' , to allow 

the  ce l l  wall s  to become s trong enough not to r u p tu r e  under  th e  blowing 

s t r e s s .  ,

The expansion of c losed  ce l l  r u b b e r  i s  c a r r i e d  out in two 

s t e p s .  I n i t i a l  s t ep  i s  a p a r t i a l  cure  and i s  c a r r i e d  out in a mould 

th a t  i s  a reduced  sca le  r e p l i c a  of th e  f ina l  mold .  On removal from 

t h i s ^ t h e  specimen expands  p a r t l y  to i t s  f ina l  form. It  i s  then p o s t ­

cured in a l a r g e r  s ize  mold o r  oven to complete  t h e  curing p ro c e s s .

Most of th e  e las tom ers  can be made in to  e i t h e r  open celled  

or closed ce l l ed  m a te r i a l s .  NR, SBR, NBR, CR, CSM, EP t e rp o ly m e r ,  

HR and P o ly a c ry la t e s  can be  success fu l ly  used .

Cel lu lar e b o n i t e ; I t  i s  t h e  o ld e s t  r i g i d  c e l l u l a r  p l a s t i c .  I t was 

p roduced in t h e  e a r ly  1920’s ,  using a s im i l a r  method d e s c r ib e d  for  

ce l lu la r  r u b b e r .

1*1*4.3. Dispers ion Process

In t h i s  a gaseous m a te r i a l  i s ’ mechanica l ly  d i s p e r s e d  in a 

f lu id  polymer  by  a technique  ca l l ed  Fro th ing  te chn ique  and i s  s t a b i l i s e d .

Latex foam i s  p roduced  b y  t h i s  method .  Four s t e p s  a re  

involved in t h i s .

A gas i s  d i s p e r s e d  in a su i t a b le  l a t e x .



(b) Rubber  la tex  p a r t i c l e s  a re  caused to coalesce  and forms a

' continuous r u b b e r  p h a s e .

(c) Aqueous soap fi lm b r e a k s  due to d eac t iva t ion  of the  su r fac tan t .

(d) Expanded m a t r ix  i s  cured  and  d r i e d  to s t a b i l i s e  i t .

Two p ro c e sse s  a re  used fo r  l a tex  foam produc t ion .

(a) Dunlop P r o c e s s ; -  In t h i s  a ge ll ing agent sodium s i l i c o - f lu r o id e

is  used to  d e s t a b i l i s e  t h e  r u b b e r  p a r t i c l e s  a n d . d e ac t iv a te  t h e  soap .

(b) Tala lay  P r o c e s s ; -  In t h i s  a f r eeze  coagulation fol lowed by  d e a c t i ­

vation of the  soap w i th  CO2 i s  u sed .

NR, c a r b o x y la te d  s ty rene  -  butadiene  copo lym er ,  a c r y l i c ,

n i t r i l e  and v i n y l  po lym ers  can be used for producing foam.
/

1 . 1 . 4 . 4 .  L e a c h i n g  M e t h o d

In t h i s  so l id  p a r t i c l e s  a re  d i s p e r s e d  in a f lu id  po lym er  p h a se ,  

s t a b i l i s e  t h e  d i s p e r s io n  and then  leach  out t h e  s o l id  p a r t i c l e s  to 

get a c e l l u la r  m a te r i a l ,  eg^:- C e l lu la r  PE, C e l lu la r  PVC and Cel lulose  

sponges .

1*1*4.5.  Syntac tic  C e l lu la r  Polymer

In t h i s  c e l l u l a r  po lym er  i s  p roduced  b y  d i s p e r s in g  r i g i d ,

foamed microscop ic  p a r t i c l e s  in a f lu id  po lymer  and  then  s t a b i l i s e  

th e  sys tem .



This technique  i s  used to produce  porous PTFE. In t h i s

small  p a r t i c l e s  of r e s in  a re  h e a te d  under p r e s s u r e  suff ic ient to p roduce  

fusion of th e  po lym er  in te r faces  w i thou t  sealing th e  gaseous in te r s t i c e s  

between g ra n u le s .

1 ,2 .  Dif ferent T ypes  of Po lym ers  Used in Footwear Indus t ry

P r a c t i c a l l y  a l l  t y p e  of r u b b e r s  ex cep t  s i l icone ,  bu ty l  and 

fluorocarbons can be  used in soling a p p l i c a t io n s .  Different general  

purpose  po lym ers  used in footwear soling app l ica t ion  a re  na tu ra l  r u b b e r ,  

s ty rene-bu tad iene  r u b b e r ,  o i l  ex tended  SBR, i soprene  r u b b e r  and b u ta ­

diene r u b b e r  in d i f f e r en t  combinations .  Conventional po lym ers  used

are  a combination of na tu ra l  r u b b e r  and s ty ren e -b u tad ien e  po lym er

(7)with h igh  s ty re n e  content • OESBR is  used where  p r i c e  is  important 

and general  p h y s i c a l  p r o p e r t i e s  a re  l e s s  im p or tan t .  Po ly i sop rene  

ru b b e rs  a re  used w here  flow p r o p e r t i e s  a re  im por tan t .  eg: cases

l ik e  in jection moulding, d i r e c t  moulding on and in - so le  u n i t s .  P o ly ­

butadiene i s  used  as a b lend  w i th  NR o r  SBR to improve ab ra s ion  

re s i s tance  o r  to  .reduce  t h e  o v e r a l l  cost  by  increas ing  t h e  amount 

of f i l l e r ^ ® ^

The d i sad v an tag e  of n a tu ra l  r u b b e r  or  genera l  pu rpose  sy n th e t i c  

r u b b e r  b a se d  M.C. p roduc t  a r e  i t s  h ig h  d e n s i t y ,  v u ln e r a b i l i t y  to 

weather ing ,  wear  and d i f f i cu l ty  to make b r i g h t  coloured p ro d u c t s .

P o lyu re thane ,  PVC and th e rm o p la s t i c  r u b b e r s ^ a r e  l a t e r

add i t ions  in footwear i n d u s t r y .  A b len d  of Nitri le-PVC is  being used 

in soling a p p l ic a t io n s  w here  o i l  and chemical r e s i s t a n c e  a re  r e q u i r e d .



Another recen t  development i s  th e  use of a  combination of rubbe r

and e thy lene  v in y l  a ce ta te  co -po lym er  in m ic ro ce l lu la r  app l ic a t io n s* ’ ^ ' .

This  m a te r ia l  i s  of low d e n s i t y .  I t  i s  r e p o r t e d  to have  accep tab le

p h y s i c a l  and w ear  p r o p e r t i e s  and can be  obta ined  in a range of

a t t r a c t iv e  colours<’ 3)_ weakness  compared with  normal m ic ro -

ce l lu la r  r u b b e r  i s  i t s  tendency to  s h r i n k  d r a s t i c a l l y  at  t em pera tu res  

above 70°C.

The d i f f e r e n t  t y p e s  of p l a s t i c s  along w i th  t h e i r  a p p l i c a t io n s ' ^ ^ )  

are  given below:

PLASTIC APPLICATION

PVC

P o ly s ty ren e

P o lyp ropy lene

LDPE

EVA

Polyure thane

P o ly e s t e r s

Polyamides

Soles ,  U ppers ,  Upper  l ining and 

Inso les .

Heels ,  Toe p u f f s .

Heels,  F ib r e  component in some 

poromeric  u p p e r s .

Toe puf f s .  Inso le s .

Adhens ives ,  Soles .

Heels ,  Poromer ic  u p p e r s .  A dhes ives ,  

Soles ,  - Foam l in ing .

F i b r e  component in some poromeric  

u p p e r s ,  Adhens ives .

A d h es iv e s ,  Toe p u f f s .  F ib r e  component 

in some poromeric  u p p e r s .



In te rnational Synthe tic  Rubber  Company of UK .have  re p o r te d  

commercialisa tion of v in y l  po lybu tad iene  having p r o p e r t i e s  s im i la r  to 

th a t  of SBR/BR bl e nds ^^^’ . I t  i s  expec ted  t h a t  medium v in y l  p o ly -  

butadine  with  a v in y l  content of 50 p e r  cent c lo se ly  matches  s tanda rd  

emulsion SBR.

A recen t  technologica l  advancement in th e  po lymer  f i e ld  is
f 17 18^the  development of 1 , 2  po ly  bu tad iene  of con tro l led  c r y s t a l l i n i t y  ’

Japan Synthe tic  Rubber  Company s t a r t e d  commercial  p roduct ion  of

1,2 po lybu tad iene  w i th  90 p e r  cent 1,2 content and a con tro l led  degree

(19)of c r y s t a l l i n i t y  between 15 to 25 p e r  cent . 1,2 po lybu tad ine  is

expec ted  to p a r t i a l l y  rep lace  h igh  s ty ren e  re s in  in footwear a p p l i c a t io n s .

1 . 2-J .\,lPo ly b u tad ien e  '

In te rna t iona l  Synthe tic  Rubber  Company of UK h as  announced

the  commerc iali sa tion of new medium range ,  v in y l  p o lybu tad iene  r u b b e r  

having p r o p e r t i e s  equ iva len t  to  th o s e  of SBR/BR blends^^*^^. In the  

syn thes i s  of t h i s  r u b b e r ,  t h e  pendent b u lk y  phenylj  groups in SBR 

have  been r e p l a c e d  b y  v in y l  g roups .  In view of the  sm a l le r  s ize  

of v in y l  g roups ,  more pendant v in y l  groups  a re  needed along th e  chain

to  produce  a matching po lym er .  Various g rades  of medium v in y l  p o ly ­

butadiene r u b b e r s  w i th  42, 48 and 63 p e r  cent of v in y l  contents  have

been offered  b y  ISR. It h a s  been cons idered  by  many as  th e  t y r e  

r u b b e r  of the  fu tu re .

There  i s  a useful r e l a t i o n s h ip  between g lass  t r an s i t io n  tempe­

ra tu re  (Tg) and p h y s i c a l  p r o p e r t i e s  of elas tomers^^^ ^ . It can be



concluded th a t  as Tg d e c r e a s e s ,  ab ras ion  re s i s t a n c e ,  e l a s t i c i t y ,  low 

tempera ture  r e s i s t a n c e  and d if fusion  ra te  in c re a se s ,  w hereas  sk id  

res is tance  d e c r ea se s .

High c is  po lybu tad iene  w i th  Tg of -105°C h as  exce l len t  ab ra s io n  

re s is tance  but i t  po s se s s  poor  s k i d  re s i s t a n c e .  A compromise between 

abrasion  and s k id  re s i s t a n c e  in h ig h  cis  po lybutad iene  (BR) can be 

reached  by  blending 60 p a r t s  of SBR with  40 p a r t s  of BR to ge t  a 

Tg of -70°C. This  va lue  of Tg i s  c lose  to t h a t  of NR ( -7 2 °C ) .  The

Tg of random co-polymer,  of s ty re n e  and butadiene  p r e p a r e d  by  solution

technique v a r i e s  in v e r s e ly  w i th  s ty re n e  content and with  1 , 2  v in y l  

content of bu tad iene .  In the  case  of new v iny l  po lybu tad iene  r u b b e r ,  

i t  i s  seen t h a t  Tg in c rease s  w i th  1,2 v in y l  content .  An i l l u s t r a t i o n  

i s  given in F ig .  1.1 to 1 .3 .  For  a r u b b e r  with  35 p e r  cent  v in y l

content corresponding  Tg i s  +70°C, and t h i s  r u b b e r  has  p ro c e ss in g  

c h a r a c te r i s t i c s  s im i la r  to genera l  pu rpose  emulsion SBR. A pparen t  

Tg of -50°C to -70°C in an e la s to m er  comprises  th e  a cc e p ta b le  range 

of p r o p e r t i e s  fo r  va r ious  a p p l i c a t io n s  and th i s  can be a v a i l a b l e  in 

the  new po lybu tad iene  r u b b e r  w i th  35-55 p e r  cent 1,2 v in y l  con ten t .

( 2 2 )Kuntz r e p o r t e d  t h a t  by  using l i th ium based  c a t a l y s t  in

hydrocarbon medium gave PB w i th  8-12, p e r  cent of 1,2 v i n y l  g r o u p s .

1 . 2  v in y l  content can '^ 'be^^' in 'crea^d by  modifying t h e  l i th ium  b a se d  

ca ta ly s t  by  in troducing  e lec t ron  donors  such as e t h e r  and amines  in 

the  sys tem .  Strong anionic c a t a l y s t s  w i l l  give  h i g h e r  p e rc e n ta g e  of 

1>2 v in y l  groups in p o lybu tad iene  r u b b e r .

(23)  ^
Nordseik  c a r r i e d  out ex ten s iv e  s tud ies  on t e s t in g  and

performance of t y r e s  made from v in y l  po lybu tad iene  r u b b e r .  Mixing



of f i l l e r ,  o i l ,  e tc .  was as t ro u b le  f ree  as SBR/BR mix .  Test  data
I

on passenger  t y r e  t r e a d s  and vu lcan i sa te s  of v in y l  polybutad iene  ru b b e r  

compare favourab ly  with  those  on SBR/BR b le n d s .  A t r i p o ly m e r  b lend 

qI 45 p e r  cent v in y l  po ly b u tad ien e  w i th  SBR and c is  po lybu tad iene  

(30/35/35) shows 10 p e r  cent improvement  in t r e a d J e a r  compared to 

65/35 SBR/PB b len d .  The medium v in y l  po lybu tad iene  are  a lso e f fec t ive  

as p a r t i a l  o r  complete  rep lacem ent  of SBR in s e v e ra l  non- ty re  applicationi 

Medium v in y l  po lybu tad iene  w i th  a v in y l  content of about 50 p e r  cent 

is  expec ted  to match emulsion SBR in impor tant  p r o p e r t i e s .

Homopolymers of bu tad iene  w i th  1,2 v in y l  content between 35-55
( 2 4 )

p e r  cent r e p r e s e n t s  an a l t e r n a t i v e  to solution SBR and SBR/BR blends  

Vinyl po lybu tad iene  manufactured by  solution po lym er isa t ion  technique 

is  more expens ive  than emulsion techn iques  as  i t  uses so lven ts  l ik e  

t e t r a h y d ro fu ran  (THF) in p la ce  of w a te r ,  and a lso  a lka l im eta l  c a ta ly s t  

l ik e  b u ty l  l i th iu m ,  which a re  e x p e n s iv e .  Polymer isa tion  using s ingle  

monomer i s  com para t ive ly  e a sy  to h an d le .  P o s s i b i l i t y  of obta ining 

d e s i r e d  p r o p e r t i e s  by  s im ply  v a ry in g  th e  v in y l  content,  enhances the  

scope of i t s  a p p l i c a t i o n . I t s  lower  sp ec i f ic  g ra v i ty  and a b i l i t y  to 

accep t  g re a te r  amount of f i l l e r  a r e  an ad d ed  advan tage .

JSR 1,2 Po lybutad iene  R u b b er^^^^

This  new th e rm o p la s t ic  e la s to m er  i s  having 1 , 2  content g r e a t e r  

than 90 p e r  cent and a con tro l led  deg ree  of c r y s t a l l i n i t y  between 15 to 

25 p e r  cent.  The c r y s t a l l i n i t y  of t h i s  new 1,2 po lybutad iene  i s  markedly 

le ss  than p r e v io u s ly  r e p o r t e d  s y n d io ta c t ic  1 ,2  po ly b u tad ien e .  As the



c ry s t a l l i n i t y  is  l e s s ,  c ry s ta l l in e  melting point  is  80-90°C, which pcrmitj  

fabr ica t ion  on p l a s t i c s  fab r ica t ion  equipment!. .

As reported^^^^ by  JSR s c ie n t i s t s  th e  polymer  is  p rep a red  

by  a solution polymerisa t ion  technique  w i th  Z ieg le r - type  c a ta ly s t  systems
*

Japan Synthetic  Rubber  Company h ave  in t roduced  two grades  

of 1,2 po lybu tad iene  JSR RB 810 and JSR RB 820 which d i f f e r  in c r y ­

s t a l l i n i t y .

P h y s ic a l  P r o p e r t i e s

Some im por tant p h y s i c a l  p r o p e r t i e s  of 1 ,2  po lybutad iene  a re  

shown in Tab le  1 .1 .  P r o p e r t i e s  of 1,2 polybutadiLne i s  somewhat

s im i la r  to LDPE ex cep t  for i t s  g r e a t e r  f l e x i b i l i t y .  This  can be seen

in F ig .  1.6 ( v i s c o s i t y  Vs s h e a r  r a t e  g r a p h ) .  From Fig .  1.4 i t  is  

seen t h a t  1 , 2  po lybutad iene  has  a s t r e s s - s t r a i n  re la t ion  t h a t  is  i n t e r ­

mediate to t h a t  of the  p l a s t i c s  and r u b b e r .  The dynamic e la s t i c  modulus 

of 1,2 po lybu tad iene  i s  shown in F ig .  1,5 and i s  compared with  th a t

of p la s t i c i s e d  PVC, low den s i ty  p o ly e th y len e  and e thy lene  v iny l  a ce ta te .  

At t em pe ra tu res  below 20 °C, 1,2 pBD i s  more f l e x ib l e  than EVA o r

LDPE. A comparison of p h y s i c a l  p r o p e r t i e s  fo r  JSR 1,2 p o ly b u ta d in e , 

EVA and S tyrene-Butadiene  th e rm o p la s t i c  e las tom er  i s  given in Table  1 . 2 .

^hemical  P r o p e r t i e s

1,2 PBD can be  r e a d i l y  su l fu r  vu lcan ised  making i t  su i tab le  

fo r  b lending w i th  o th e r  su l fu r  vu lcan i sab le  s y s te m s .  I t  i s  r e p o r t e d



th a t  cured p ro d u c ts  b a sed  on 1,2 PBD e x h i b i t  w e a th e ra b i l i ty  and ozone 

re s is ta n c e  s im i l a r  to t h a t  of EPDM.

Processing

V is c o s i ty - s h e a r  r a t e  r e l a t io n s h ip  fo r  1 ,2  PBD of about 100,000 

molecular weigh t  i s  shown in F ig .  1.6 and i s  s im i l a r  to t h a t  of LDPE. 

It  i s  d e s i r a b l e  to keep  th e  tem pera tu re  of fa b r i c a t io n  r e l a t i v e l y  low 

to avo id  c r o s s C l in k in g .  Recommended maximum tem pera tu re  i s  150°C.

Applications

Areas of app l ica t ion  a re  th e rm o p la s t i c s ,  thermoset t ing  r e s in s ,  

coatings ,  r u b b e r ,  f i b r e s ,  adhe; s i v e s ,  f i lm , in jec tion  m dded  a r t i c l e s ,  

sponge o r  c e l l u l a r  a p p l i c a t io n s ,  e tc .

In the .  a rea  of footwear JSR 1,2 po lybu tad iene  i s  p roposed  

as a su i tab le  m a te r ia l  for  non-curing low blow molded shoe so les .

In p h y s i c a l  p r o p e r t i e s  JSR 1,2 p o lybu tad iene  i s  r e p o r t e d  to 

rank  between po lyu re thane  and EVA.

S^tructure of 1.2 po lybu tad iene  • I

C H  =  C H  -  C H  =  C H ,  F o l y m e r i s a t l o n  ^  _

^  Z I n
CH
II

CĤ

1 , 2  p o lybu tad iene .



^ F i l l e r s  Used in M icroce l lu la r  Applicat ions

The se lec t ion  of f i l l e r s  fo r  p a r t i c u l a r  app l ica t ion  i s  governed

in the  f i r s t  ins tance  by  t h e i r  chemical const i tu t ion ,  a v a i l a b i l i t y  and

p r i c e .  The l im i t  of t h e i r  usefulness  as f i l l ing  m a te r ia l s  i s  dependent

on t h e i r  p h y s i c a l  c h a r a c t e r i s t i c s .  Many of t h e  tr ea tm ents  a p p l i e d  

to f i l l e r s  in e x t rac t io n  p ro c e ss  i s  mere ly  fo r  obtaining them in a

p h y s ica l ly  useful form.

Thus an id e a l  f i l l e r  would have  to  comply with  a wide range
(27)of both chemical and p h y s i c a l  requ irement

Some of the  requ i rem en ts  needed a re  l i s t e d  be low.

(1) Abi l i ty  to im pa r t  improvement in p h y s i c a l  p r o p e r t i e s  of the  

polymer  compound.

(2) Low mois ture  ab so rp t io n .

(3) Specif ic  g r a v i ty  a p p r o p r i a t e  fo r  the  ap p l i c a t io n .

(4) Good wetting c h a r a c t e r i s t i c s .

(5) Free  from d e le t e r io u s  chemical im p u r i t i e s .

( 6) Low cost  and good a v a i l a b i l i t y .

(7) Non-inf lammabil i ty .

(8) Absence of odour .

(9) Good colour r e ten t ion .

(^0) Chemical and h ea t  r e s i s t a n c e .

(11) Controlled  p a r t i c l e  s i z e .

(12) Good d i s p e r s io n  c h a r a c t e r i s t i c s .

(13) Low s o lu b i l i t y  in w a ter  and environmental  so lv en t s .



P h y s ica l  p r o p e r t i e s
I

Some of th e  impor tan t  p h y s i c a l  p r o p e r t i e s  of f i l l e r s  used in 

ru b b e r  a re  i n d ic a ted .

(1) P a r t i c l e  s ize ,  shape  and d i s t r i b u t io n .

(2) Surface a re a .

(3 ) Bulk d e n s i t y .

(4) Density .  I

(5) R ef rac t ive  index ,  o pac i ty  and colour.

( 6) Hygroscopic i ty  and mois tu re  content

(7) Hardness .

As most of the  m ic ro c e l lu la r  p roduc ts  a re  coloured,  non-b lack  

f i l l e r s  a re  used  as  re inforc ing  ag en ts .  Non-black f i l l e r s  h ave  ce r ta in  

fea tu res  in common, compared to carbon b l a c k .  They have  h ig h e r  

spec i f ic  g ra v i ty  from 1.95 fo r  p r e c i p i t a t e d  s i l i c a  to  5.6 fo r  zinc ox ide .  

At th e  same loading by  weigh t  th e y  h ave  lower  t ens i le  s t r e n g th  than 

b l a c k s .  Modulus a lso  i s  low er  a t  t h e  same h a r d n e s s .  Non-black f i l l e r s  

im par t  le ss  ab ras ion  re s i s t a n c e  to  r u b b e r .

There  i s  e v e ry  chance t h a t  na tu ra l  non-b lack  f i l l e r s  w i l l  have

more o v e rs ize  p a r t i c l e s  ( p a r t i c l e s  not pass ing  through a 325 mesh s ize)

than b l a c k s .  Such p a r t i c l e s  can e a s i ly  lower  t h e  t ens i le  s t r en g th  

or  t e a r  s t r en g th  as  they  can w e l l  be  t h e  poin t of in i t i a l  rup tu re^^^^ .

In genera l ,  pigments  of number  average  p a r t i c l e  s i z e  l e s s  than 

50 M a n d /o r  sp ec i f i c  a rea  in excess  of 50 m^/gm have been cons ide red

re in forc ing .  E las tomer  re inforcement  i s  cons idered  as an a p p l ica t ion



z '

an e las tomer  by  th e  incorpora t ion  of some ingred ien t  thus  making i t
(24)

more su i tab le  fo r  a given app l ica t ion"

Although carbon b la ck s  ( e x c e p t  the rm a l)  a re  aggregates  of 

p a r t i c l e s  w hereas  most non-b lack  f i l l e r s  a re  not.  They cons is t s  of 

a c icu la r ,  p l a t e y  or b locky  p a r t i c l e s .  I t  i s  r e p o r t e d  t h a t  c lay ,  s i l i c a  

and s i l i c a t e s  a re  id ea l  for  m ic ro c e l lu la r  a p p l ic a t io n s

1 .3 .1 .  Clay^^^^

The most wide ly  used non-b lack  f i l l e r  f o r  r u b b e r  i s  c l a y .  

I ts  use i s  b a sed  on i t s  low com para t ive  cos t ,  v e r s a t i l i t y  and st if fening 

p r o p e r t i e s .

Clay r e f e r s  to  a p h y s i c a l  condition and not chemical  composi t ion.  

The ty p e  of c lay  used ’in r u b b e r  i s  ca l l ed  kaolin  c lay and  h as  been 

d e r iv e d  from t h e  weather ing  of aluminous minera ls  such as  mica and 

f e l d s p a r .  The clos e s t  ap p ro ach  to i t s  chemical  c(| 'mposition would 

p r o b a b ly  be  k l ^ 0 y 2  SiO^. 2 H^O.

Rubber  g rade  c lays  a r e  w h i te  to cream pow der  w i th  a d en s i ty  

of 2 .6 .  Clay i s  not' h y g ro sco p ic ,  w i th  a 1 p e r  cent maximum m ois tu re .  

Clay i s  p r e p a r e d  in four d i f f e r en t  ways  and th e y  a re  a i r  f lo a ted ,  

w a te r  washed ,  calc ined  and chem ica l ly  m odif ied .

A m a jo r i ty  of c lay  used in r u b b e r  in d u s t r y  i s  e i t h e r  a i r -  

f loa ted  o r  w a te r  washed .



Calcined clay  i s  used  in cab le  in d u s t ry  for  b e t t e r  e le c t r i c a l
I

Clay i s  an a d s o r p t iv e  m a te r ia l  and can a d so r b  organic acce le ­

r a to r s .  Th is  ef fec t  can be mit iga ted  b y  using smal l  amounts of t r i -  

ethanolamine o r  po lye thy lene  g lyco l .  They wi l l  p r e f e r e n t i a l l y  be  adsorbec  

at  the  a c t iv e  s i t e s  on th e  s i l i c a  l a y e r  of th e  c lay ;  t h e r e b y  prevent ing  

adsorption  of c u r a t i v e s .

1.-3.2. Si l ica  and S i l ica tes

Fine p a r t i c l e  s i l i c a  g ives  t h e  utmost in re inforcement  of r u b b e r  

among th e  non-b lack  f i l l e r s .  The s i l i c a t e s  w i l l  come next to s i l i c a .

Sil ica  can be produced  by a pyrogenic  o r  p r e c ip i t a t io n  p ro c e ss .  

Si l ica tes  fo r  r u b b e r  compounding a re  produced  mostly  by p r e c ip i t a t i o n .

Sil ica  p roduced  b y  th e rm a l  p ro c e ss  i s  ca l l ed  fumed s i l i c a .  

The or ig inal  p ro c e s s  was deve loped  b y  Degussa Company in 1940' s  

and th e  p ro d u c t  m arke ted  under  th e  t r a d e  name "A eros i l" .

Fumed s i l i c a s  a re  only occas ionally  used in po lym ers  as  th e y  

a re  e xpens ive .  Much of t h i s  is  used in s i l icone  r u b b e r  compounding.

P r e c ip i t a t e d  s i l i c a s  a r e  made by  the  action of a c id s  on w a te r -  

glass.- The a c id  used i s  su l fu r ic  and w a te rg lass  an a lka l ine  solution 

of sodium s i l i c a t e .  The react ion  invo lved  i s

n.  SiO^. \^Na20 + H ^ S O ^ ------>  Na^SO^ + 10 SiO^ . H^O



The h y d r a t e d  p r e c i p i t a t e d  s i l i c a  i s  f i l t e r e d  out and  washed 

to remove th e  sodium su l fa te .  I t  i s  then d r i e d  and ground to obtain 

the  r e q u i r e d  p ro d u c t .  Those used in r u b b e r  would have surface  a rea  

approx im ate ly  170 m^/gm.

The mois tu re  which  i s  d r iv e n  off a t  105°C must be carefu l ly  

controlled in s i l i c a ' s  for  r u b b e r  use .  Compared tol carbon b lack  

p re c ip i t a t ed  s i l i c a  p a r t i c l e s  a r e  much porous .

An app ro x im a te  composi t ion and p r o p e r t i e s  of p r e c i p i t a t e d  

s i l ica  used in r u b b e r  i n d u s t ry  i s  given below.

Feature Amount

( 1 ) Drying loss 4 -  7 %
(2 ) Ignit ion loss 8 -  12 %
(3) bas is ) . 83 -  90 %
(4) Surface Area (m^/gm) (BET method) 45 -  700
(5) P a r t i c l e  s ize  m

(Ari thmet ic  mean d ia ) 10 -  100
(6) Ref rac t ive  Index 1.45
(7) Density in r u b b e r 2.0

SILICATR.q

S i l i c a t e s  u s e d  i n  r u b b e r  i n d u s t r y  a r e  m o s t l y  c a l c i u m  a n d  a l u m i n i u m  

s i l i c a t e s .  T h e s e ^  p r e p a r e d  i n  m u c h  t h e  s a m e  w a y  a s  p r e c i p i t a t e d  

s U l M  b u t  t h e  a c i d  I S  r e p l a c e d  c o m p l e t e l y  o r  i n  p a r t  b y  m e t a l  s a l t s



l i k e  calcium c h lo r id e  or  aluminium su l fa te .  P rocess  condit ions 

be v a r i e d  w ide ly  to produce  d i f f e r e n t  qua l i ty  s i l i c a t e s .
can

Approximate composit ion and p r o p e r t i e s  of aluminium s i l i c a te  

i s  given below.

6

7

(1) Moisture (2 h r  105°C) %

(2) Ignit ion loss  (2 h r  1000°C) %

(3) SiO^. I  ■ • 82

(4) CaO, %

(5) AI2O3 , %

(6) Na, %

(7) pH

( 8) Sieve r e s id u e  (45 m),  %

(9) Average p a r t i c l e  s ize  (nm)

(10) B .E .T .  surface  a rea  ,(m^/gm)

9.5

8

10.4

0 . 1

15

100

Adding s i l i c a  10 a  r u b b e r  q u ick ly  in c reases  lh a  s t i f fnes s ,  of

m i x ,  so  t h a t  in p r a c t i c e  net more than  50 p a r t s  a re  inc luded .

The s t if fening w i l l  in c re a s e  t h e  Mooney v i s c o s i ty  of th e  compound 

making i t  d i f f i cu l t  to p ro c e s s .

s t if fening i s  supposed  to  cause . by  th e  in c o m p a t ib i l i ty  between 

Sil ica and hyd roca rbon  r u b b e r .

C o m p o u n d i n g  ^ t h ^  p r e c i p i t a t e d  s i l i c a  i s  v e r y  d i f f e r e n t  f r o m  

» l t h  c a r b o n  b l a c k ,  y h e r e  i s  a n  a f f i n i t y  b e t w e e n  c a r b o n  b l a c k

hydroca rbon  r u b b e r s .  \  S i l i ca  i s  h y d r o p h i l i c  and incom pa t ib le .

two s i tua t ions  a r i s e .



(2)

Sil ica  to s i l i c a  a t t r a c t io n  i s  h igh and la rge  aggregates  a re  

formed impending flow and th e  mix becomes v e ry  s t i f f .

Sil ica  f i l l e d  compounds w i l l  have  in f e r io r  abrasion  re s i s t a n c e  

compared to  carbon b la ck  f i l l e d  compounds^ as in th e  fo rmer  

the  po lym er  f i l l e r  bonding i s  weak.

MICRO CRUMB
— *

It  i s  a f ine ly  ground m a te r i a l  p roduced  from t h e  s c r a p  of 

mic roce l lu la r  sh ee t in g s .  It w i l l  h ave  - a den s i ty  of approx im a te ly  0 .5 .

1 .4 .  Blowing Agents^

Blowing agents a r e  used  to make so f t ,  l i g h t  impact r e s i s t a n t

sponge r u b b e r .  They a re  e i t h e r  used  alone o r  with  some d ilu t ing  

f i l l e r s  and o th e r  a c t i v a to r s .  These  m a te r ia l s  w i l l  r e lease  gases  at 

curing tem pera tu res  t h e r e b y  in troducing  th e  c e l l u l a r  s t ru c tu re  in th e  

r u b b e r  and makes, i t  sponge l i k e .  If th e  c e l l s  a re  in te r-connect ing  

the  p roduc t  i s  r e f e r e d  to  as open ce l led  and i f  not c losed  c e l l e d .

There  a r e  a lso  c e l lu la r  m a te r ia l s  which  a re  p roduced  without  

th e  use of blowing a gen ts . .  Latex foam produced  by  whipping  a i r  into

la tex  and ure thane  foam, p i^ d u c e d  b y  using C0_ a s  blowing gas which
• ■ . \  •IS produced in̂  s i tu  in the  reac t ion  medium b y  th e  reaction  between

w ater  and i socyana te ,  a re  examples  fo r  t h i s ,  
j

Sodium b ica rbona te  was th e  f i r s t  blowing agent r e p o r t e d .  I t

eac ts  with  s t e a r i c  ac id  giving CO^, as th e  t em p e ra tu re  i s  i n c re a se d .



B ecause of t h e  p e rm e ab i l i ty  of CO^ in terconnecting ce l l s  a re  p roduced .  

A d isadvan tage  of using sodium b ica rbona te  i s  t h a t  i t  will  le ave  r e s id u a l  

soap in th e  sponge.

Closed ce l l  s t ru c tu re s  l ik e  m ic ro ce l lu la r  solings a re  made by

using blowing agents which evolve  gas l a rg e ly  Nitrogen, by  the rm a l

d e c o m p o s it io n .

Choice of blowing g a s ^^^^ ^

Nitrogen i s  p r e f e r e d  as  t h e  blowing gas due to th e  following

r e a so n s .

(1) It i s  an i n e r t ,  od o u r le s s ,  non-toxic  gas .

(2) P e rm e a b i l i ty  of Nitrogen i s  the  l e a s t  compared to o th e r  blowing

gases .

Measured r e l a t i v e  p e r m e a b i l i ty  of NR to d i f f e r en t  gases  a re  

l i s t e d  below ( tak ing  hydrogen as 100) .

C O 2 =  2 6 0

H 2 =  1 0 0

■ O3 = 4 6  / '

“ 2 = 17

Organic blowing agents

Organic blowing agents v a r y  w id e ly  in t h e i r  p r o p e r t i e s .  

Im p o r tan t ly , t h e y  v a r y  in th e  t em pe ra tu re  a t  which  th e y  produce  gas



and in t h e  na ture  of t h e i r  decomposit ion p ro d u c t s .  Some produce  odor ,  

while o th e r  may y i e ld  coloured or  tox ic  subs tances  on decomposit ion.

Some*~times t h e  blowing agents  or  t h e i r  decomposit ion p roduc ts  may

function as a c t i v a to r s  or  r e t a r d e r s .  These fa c to r s  a re  im por tan t in

the  selection of blowing agent.

(33)Some of t h e  common blowing agents  a r e  Diazoaaminobenzene,

Dinit rosopentamethylene  te t ram ine ,  Azodicarbonamide,  p- to lueue  sulfonyl  

sem icarbaz ide ,  e tc .

(1) Diazoaminobenzene

Diazoaminobenzene

This  compound i s  so lub le  in r u b b e r  and i s  capab le  of producing 

fine un ice l lu la r  s t r u c t u r e .

But t h e  d i sadvan tage  of using t h i s  chemica l  i s  t h a t  t h e  d e ­

composition p ro d u c t  d iphenylam ine  is'  ̂ a sta in ing chemical and Diazoamino­

benzene i s  a s u s p e c t  carcinogen.

P i n i t r o so Pentamethylene  Tetramine^

This  compound i s  p r e p a r e d  by  the  n i t rosa t ion  of hexamethylene  

te t r a m in e .
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Whe„ hea ted  alone o r  in p re sence  of in e r t  d i luen ts  the  o h e . i c a l

decomposes near  195=0, but  when used in r u b b e r  o r  p l a s t i c s  in p resence

of cer ta in  a c t i v a to r s ,  p roduce  gas with in  a tempera ture  range of 130
to 190°c.

The decomposit ion p ro du c ts  include Nitrogen, Nitrous o . i d e ,

formaldehyde and ce r ta in  amines which  g ives  r i s e  to  a - f i sh y  odour"

th e  expanded p ro d u c t .  The odor  can be su p p re s s e d  by  the  add i t ion  
of urea ,  melamine,  e tc .  ■ '

Some of th e  fac to rs  to  /be cons idered  in se lec ting a blowing'
agent a re :

(1)

(2)

I t s  chemical  composit ion V n d  w he ther  a c t iv a to r s  a re  needed 
or not.

evo lved  p e r  gram of blowing agent.

(For DNPT i t  i s  200 cm^/gm).

The decomposit ion t e m p e ra tu re .  This  may v a r y  from lOO^C to
2 3 c o p  j

epending on t h e  t y p e  of blowing agent and th e  c a ta ly s t
used.



:rs

(4)

(5)

(6) 

(7)

U n ifo r m ity  o f c o lo u r  an d  c e l l  s t r u c tu r e  in  s u c c e s s iv e  b a tc h e s .  

A b sence  o f  o d o u r .

In f lu e n c e  o f v u lc a n is a t io n  an d  a g e in g .

(g ) P o s s ib i l i t y  o f d is c o lo r a t io n .

(9) Cost.

One of the  d i f f i c u l t i e s  invo lved  in making sponge is  the  d e t e r ­

mination of t h e  r i g h t  p l a s t i c i t y  of t h e  s tock  f o r  p r o p e r  blow with  

the  r a te  of vu lcan isa t ion .  If i t  i s  not,  blowing may occur r a p i d l y  

and the  expanded m a te r ia l  may co l lapse  before  vu lcan isa t ion .

1 .5 .  Rubber  Footwear Ind u s t ry  in India

Rubber  footwear in d u s t ry ,  r a n k s  t h i r d ,  following th e  automotive
*

ty re  and cycle  t y r e  sec to rs  accounting fo r  about 9 .8  p e r  cent of the  

to ta l  r u b b e r  consumption. T he re  a r e  over  30 unit s  manufacturing qua l i ty  

footwear of which about h a l f  a dozen units  account fo r  s u b s ta n t i a l  p r o d ­

uction.  Bes ides  about 66o \ i ^ i t s ^ ^ ^ ^  a re  engaged in th e  manufacture 

of hawai c h ap p a l s ,  so les ,  h e e l s ^ ^ t r a p s , e t c .

Indian footwear i n d u s t ry  manufactures  a w ide  range of footwear 

including a l l  r u b b e r ,  c a n v a s / l e a th e r  u p p e r  w i th  r u b b e r  s o le s ,  s p o r t s  

shoes of va r ious  t y p e s ,  gum b o o ts ,  combat boo ts ,  defence  boo ts ,  l a d ie s  

and c h i l d r e n ' s  w ear ,  e tc .

D e v e lo p m e n t o f  s y n th e t ic  m a te r ia ls  in  fo o tw e a r  e s p e c ia l ly  PVC 

h as  s l ig h t ly  a d v e r s e ly  a f fe c te d  t h e  r u b b e r  fo o tw e a r  in d u s t r y .



T h e  p e r  c a p i t a  u se  of f o o tw e a r  w as  r e p o r t e d  to  b e  a b o u t

5.03 pairs in USA, 4.45 pairs in UK, 4.16 pairs in France, 3.63 in

(35)
E u r o p e  w h e r e a s  that in India it is still around 0.5 . H o w e v e r

the p er capita consumption is likely to go u p  steadily in the w a k e  

of i m p r o v e d  standards of living.

M ic r o c e l l u l a r  s o l in g s  h a v e  be c o m e  p o p u l a r  f o r  t h e i r  l i g h t n e s s ,  

d u r a b i l i t y ,  s o f t  f e e l  a n d  good  lo o k in g .  Due to  a l l  t h e s e  f a c t o r s  an d  

econom ic  a v a i l a b i l i t y ,  M .C . s o l in g  h a s  be c o m e  t h e  common m a n 's  fo o tw e a r

1.6. Scope of the Work

T h e  s u p p l y  of general p u r p o s e  a n d  special p u r p o s e  styrene- 

butadiene p o l y m e r  will be inadequate as the production of styrene 

m o n o m e r  is insufficient to mee t  the d e m a n d ^ ^ ^ . S o m e  attempt h a v e  

been m a d e  to r educe tjie content of styrene in general p u r p o s e  SBR .  

Hence a substantial replacement of S B R  c o - p o l y m e r s  is necessary in 

the near future. S upply of styrene m o n o m e r  is reported diminishing

/ on \
and the cost of it is increasing m u c h  faster c o m p a r e d  to butadiene 

Attempts are going on to d e v e l o p  a substitute for S B R  in general p u r p o s e  

applications

O ne of the mos t  p r omising partial or complete replacement 

for solution or emulsion S B R  in tyre a n d  non-tyre application is p o l y ­

butadiene of m e d i u m  to h i g h  vinyl content. Heat build-; u p  a n d  b l o w  

out resistance w e r e  reported better for vinyl polybutadiene (of 45% 

vinyl) c o m p a r e d  to S B R  1712. Abrasion a n d  cut g r o w t h  resistance 

are also reported better for vinyl P B  c o m p a r e d  to S B R  1712^“̂°^



S o m e  of the features of expected advantage of using 1,2

polybutadiene in microcellular application as a substitute for high 

styrene resin are the following.

(1) Lightness or low density.

(2) L o w e r  shrinkage.

(3) Clear colour.

(4) Excellent snappiness.

(5) Sponge scrap utilisation.

(6) G o o d  abrasion resistance.

T h e  present w o r k  is a scientific evaluation of the adaptability

of 1,2 polybutadiene as a substitute for high styrene resin in „.icro- 

cellular applications.
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T A B L E  1 , 2  P h y s i c a l  P r o p e r t i e s  o f  J S I t  RB, E V A  a n d  

S B - T P E  a s  s o l e  m a t e r i a l s  f o r  F o o t w e a r

J S R  R B E V A S B - T P E

L i g h t n e s s 0 A X

R u b b e r y  f e e l i n g A X 0

H a r d n e s s A 0 X

P e r m a n e n t  s e t A X 0

C o m p r e s s i o n  s e t 0 X X

T e a r  s t r e n g t h 0 0 X

F l e x  r e s i l i e n c e 0 X A

W e a t h e  r a b i  1 i t y A 0 X

O z o n e  r e s i s t a n c e 0 0 X

A b r a s i o n  r e s i s t a n c e 0 0 A

O i l  r e s i s t a n c e 0 0  ■ X

F l o w a b i l i t y 0 0 X

N O T E  ; O  I E x c e l l e n t  

A  I M o d e r a t e  

X  : P o o r
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FIG. V4. S T R E S S  VS STRAIN CURVE OF 1,2 P B D
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C H A P T E R  - 2 ;; E X P E R I M E N T A L



2. E X P E R I M E N T A L

2.1. Materials U s e d

(A) P O L Y M E R S ;

(1) Natural R u b b e r ;

Natural r u b b e r  used w a s  c r u m b  rubber, ISNR-5 as obtained 

from the pilot c r u m b  r u b b e r  factory, R u b b e r  Board. T h e  Indian standards 

specifications for ISNR-5 grade is given below.

Par a m e t e r s Limit

1. Dirt content (%) b y  mass, M a x 0.05

2. Volatile matter, (%) b y  mass. M a x 0.8

3. Nitrogen (%) b y  mass. M a x 0.6

4. A s h  (%) b y  ma s s ,  M a x 0.6

5. Initial Plasticity, Po, M in 30

6. Plasticity Retention Index ( P R I ) , Min 60

Since it is k n o w n  that the molecular weight, molecular w e i g h t

distribution a n d  n o n - r u b b e r  constituents of natural r u b b e r  are affected

b y  clonal variation, season, use of yield stimulants a nd m e t h o d  of

Preparation^^^’̂^), r u b b e r  from the s a m e  lot h as b e e n  used in this 

study.



(2) S B R  195 8 ^^^^ (Synaprene S-1958)

This w a s  supplied b y  M/s. Synthetics a n d  C h emicals Ltd.

It is a self-reinforcing t y p e  of styrene butadiene r u b b e r  p r o d u c e d  

from a blend of synaprene S-1502 ba s e  latex and a reinforcing type

latex. T h e  b l e n d  is p r e p a r e d  at latex stage ensuring perfect dispersion

of the reinforcing polym e r .  This r u b b e r  is available in the form 

of bales.

R a w  R u b b e r  Properties M i n . M a x .

Volatile matter (%) - 0.75

Organic acid (%) 4.0 7.0

S oap (%) - 0.50

A s h  (%) - 0.75

Antioxidant (%) . 1.0 , 1.75

S yn a p r e n e  S-1958 is light coloured and non-staining typ e  rubber. 

It is w i d e l y  use d  in microcellular applications, leather like products, 

high hardn e s s  products, coloured h a r d  r u b b e r  (ebonite), highly abrasion 

resistant products, etc.

(3) S B R  - 1 5 0 2 ^^^^ (Synaprene S-1502)

This p o l y m e r  is supplied b y  M / s .  Synthetics a n d  C h e m i c a l s  Ltd. 

Syn a p r e n e  S-1502 is a c o - p o l y m e r  of styrene a n d  butadiene manufacture 

t>y cold emulsion polymerisation s y s t e m  using fatty acid and rosin acid 

soap as emulsifier. It is a non-staining a n d  a non-discolouring grade 

BR. SpecificatiOTs of this r u b b e r  is given below.



M o o n e y  visocisty, M L ^  at 100°C 46 58

Volatile matter (%) - 0.75

Organic acid (%) 4.75 7.0

Soap (%) - 0.50

B o u n d  styrene (%) 21.5 25.5

A s h  (%) - 1.5

Antioxidant (%) 0.5 1.5

It h a s  balanced properties as regards to loading capacity,

good flex resistance a n d  abrasion resistance w h i c h  m a k e s  it useful

for shoe soles, heels and bright coloured mechanical goojls, microcellular 

soling, etc.

(4) 1,2 Polybutadine (JSR R B  820)

This p o l y m e r  w a s  supplied b y  M/s .  Japan Synthetic R u b b e r

C o m p a n y .  T y p ical properties of the r a w  p o l y m e r  are given below.

Properties JSR R B  820

Microstructure 1,2 unit content (%) 92

Stabilizer Non-staining

3
Density g m / c m  0.91

Crystallinity (%) A p p r o x .  25



(B) F I L L E R S

Fillers used are precipitated silica, clay, aluminium silicate 

and micro c r u m b . All these are c o m m e r c i a l  grade materials.

(C) C U R A T I V E S

M B T S  a n d  T M T D  w e r e  us e d  as accelerators. T h e s e  chemicals 

are supplied b y  M / s .  B a y e r  India Limited. C h e m i c a l  Composition of 

these chemicals are given b e low.

M B T S :

r a j ' —

Metcapto benzothiazyl disulfide

T M T D :

HjC

H j c

O i - c -  s 
\l 
s

-  5 c — CM
w
5

CHj

T e t r a m e t h y l  thiuram disulfide

S u l p h u r : R u b b e r  gr a d e  sulfur w a s  use d  as the curing agent.

(D) P L A S T I C I S E R S

Napthenic oil w a s  us e d  as plasticiser.



(E) B L O W I N G  A G E N T
I

N-N-Dinitroso penta m e t h y l e n e  tetramine ( D N P T )  supplied by.

M/s. D i p a k  Nitrite w a s  used as the blowing agent.

(F) O T H E R  I N G R E D I E N T S

Ti02 supplied b y  M / s .  T r a v a n c o r e  Titanium Products w a s  used 

as the brightening agent. Lab o r a t o r y  reagent grade Diethylene glycol 

w a s  use d  for the w o r k .

2.2. Mixing and Process of Production

T h e  c o m p o u n d s  w e r e  p r e p a r e d  in t w o  stages. Initial m i xing 

of poly m e r s ,  fillers a n d  other additives excluding curatives a n d  blowing 

agent w a s  d o n e  in a laboratory m o d e l  intermix ( K O  Intermix) a n d  the 

final mixing of curatives a n d  b l o wing agent w a s  do n e  in a laboratory

m o d e l  (30 c m  x  15 cm) mixing mill.

Mixing in Internal M i x e r

Intermix w a s  set at a s p e e d  of 40 r p m  a n d  an initial c h a m b e r  

temperature of 80°C. Total m i x i n g  time' w a s  8 minutes. Natural r u b b e r  

w a s  masticated for 2 minutes followed b y  the addition of the second

p o l y m e r  1,2 polybutadiene, S B R  1958 or S B R  1502. Blending w a s  do n e  

for another 2 m i n u t e s . Fillers a n d  other additives w e r e  a d d e d  at 

■the e nd of 4 minutes and m ixing continued for another 4 minutes. 

M i x  w a s  d u m p e d  ^ t v t h e  e nd of 8 m i n u t e s .



Internal m i x e r  m o d e l  : K O  Intermix M K 3

Capacity : 1 Litre

Mixinp in laboratory mixing mill

Final m i x i n g  of curatives a n d  blowing agent w a s  done in the 

two roll mixing mill at a friction ratio 1:1.25. M i x i n g  roll temperature

w a s  8 0°C. Total mixing time w a s  about 12 minutes. Drder of addition

w a s  accelerators, followed b y  sulphur a n d  finally the blowing agent.

After complete' mixing, the stock w a s  sheeted out and p a s s e d

six times e n d w i s e  through a tight nip (0.3 m m )  a n d  finally sheeted 

out at 8 m m .

C o m p o u n d  Maturation

Fo r  p r o p e r  dispersion of the ingredients^ the m i x  w a s  stored 

for one day.

Molding of the Sheet

Molding w a s  carried out in a 18" x  18" hydraulic press having

steam h eated platens. Platens . w e r e  maintained at 150°C and at a

pressure of 45 k g / c m ^  on the mold. M o l d  w a s  l oaded with 3 p er cent

excess c o m p o u n d  than the m o l d  volume.

T h e  m o l d ' ~<was of rectangular bas e  w i t h  a loose fitting top. 

T h e  mold, completely f i l l e d  with r u b b e r  c o m p o u n d ,  placed in the press,



m o l d  closed a n d  sufficient hydraulic pressure applied. T h e  top cove 

of the m o l d  w a s  so close fitting that the gas generated b y  the blowin 

agent w a s  retained in the rubber. W h e n  the r u b b e r  w a s  sufficient!' 

cured (80 p e r  cent of the m a x i m u m  cure) the pr e s s  w a s  o p e n e d  quickl-; 

and the sheet e x p a n d e d  out of the m o l d  in all the three directions.

T r i m m i n g  of sheets

T h e  e xcess material flown out w a s  t r i m m e d  immediately after 

r e m o v a l  from the m o l d  so as to avoid bending of sheets.

Stabilization at r o o m  temperature

E x p a n d e d  sheets w e r e  allowed Ustabilize for one d a y  at r o o m  

temperature.

Post curing

In p r e c u r e  in the mol(^ only a partial vulcanisation w a s  given 

so that the r u b b e r  got adequate strength to ho l d  the nitrogen gas 

released after expansion. In our studies 80 p e r  cent of the m a x i m u m  

cure time a n d  an extra time of 2.5 minutes to c o m p e n s a t e  for the thick­

ness of the sheet w a s  taken as the precure time.

As it is u n d e r c u r e d  the vulcanised sheet will h a v e  still a 

large p e r m a n e n t  set. B y  postcuring the sheet b e c o m e s  pe r m a n e n t l y  

stabilised in t he e x p a n d e d  size. Postcuring will complete the cure 

of the p r e c u r e d  sheets a nd will help in attaining the m a x i m u m  physical 

properties. \



In the present e x p e r iments the postcuring given w a s  for 3 hou 

at 80°C in a thermostatically controlled hot air oven.

2.3. Exp>erinients

A  preliminary study w a s  conducted to standardise the curati^ 

concentration a n d  temperature of precure. F u r ther studies w e r e  conduct 

with the selected cure s y s t e m  a n d  it consists of three important parts

(1) Study of the effect of 1,2 polybutadiene in e x p a n d e d  rubbe

soles.

(2) Effect of filler on sole properties.

(3) Effect of blowing agent concentration on sole properties.

S E L E C T I O N  O F  C U R E  S Y S T E M  A N D  T E M P E R A T U R E

C o m p o u n d  with curative combination of M B T S / T M T D / S u l p h u i  

in the ratio 1,0/0.2/1,6 w a s  p r e p a r e d  a n d  its cure characteristics

w e r e  studied. C u r e  time for this s y s t e m  w a s  found to b e  a round five 

minutes, thus m a k i n g  the p r o cess v e r y  difficult. T o  increase the cure 

time for the s a m e  cure system, the temperature of cure w a s  reduced 

to 140°C. B y  this, t hough the cure time w a s  increased considerably, 

the resultant sheet w a s  of p o o r  quality wi t h  big b l o w  holes in it. 

This might h a v e  occured d u e  to i m p r o p e r  curing. This difficulty w a s  

o v e r c o m e  b y  the use of lesser proportion of curatives a n d  the t e m p e ­

rature of cure being maintained at 150°C.

Further s t u d i e s ^  w e r e  conducted wit h  a curative combination



of M B T S / T M T D / S u l p h u r  in the ratio 0.8/0.1/1.6 w h i c h  d o e s  not cause 

any processing p r o b l e m  with a convenient cure time of a round 7 minutes.

Table 2.1 a n d  2.2 give the c o m p o u n d s  use d  a nd their precure

time.

I. S T U D Y  O N  T H E  E F F E C T  O F  P O L Y M E R  R A T I O  O N  S O L E  P R O P E R T I E S

Eight c o m p o u n d s  w i t h  varying natural rub b e r / 1 , 2  polybutadiene 

ratio of 100/0, 90/10, 80/20, 70/30, 60/40, 40/60, 20/80 a n d  0/100

w e r e  prep a r e d .  Control c o m p o u n d s  w e r e  also p r e p a r e d  using N R / S B R - 1 9 5 8  

and N R / S B R - 1 5 0 2 / S B R - 1 9 5 8  in the ratio 70/30 and 35735/30 respectively. 

Microcellular sheets w e r e  p r e p a r e d  from these c o m p o u n d s  using the 

m e t h o d  given earlier. T h e s e  w e r e  then postcured a n d  tested for their 

properties as p e r  the relevant ISI standards.

R heographs a r e .g iv e n  i n  F ig u re  2a

II,. E F F E C T  o f ' d i f f e r e n t  F I L L E R S  O N  1,2 P B  B A S E D  M I C R O C E L L U L A R  S O L E

Seven c o m p o u n d s  w e r e  p r e p a r e d  to study the effect of varying 

proportions of c o m m o n l y  used fillers like clay, silica, aluminiun silicate 

a n d  m i c r o c r u m b  in 1,2 polybutadiene b a s e d  microcellular soles. C o m p o u n d s  

w e r e  p r e p a r e d  in the i n t e r m i x . Curatives a n d  blowing agent w e r e  

a d d e d  in the t w o  roll mixing mill. Microcellular sheets w e r e  p r e p a r e d  

from these c o m p o u n d s  using t he m e t h o d  d e s c r i b e d  earlier. Sheets 

w e r e  then postcured a n d  tested for its ^properties as p e r  the relevant 

ISI Standards.

R h e o g r a p h s  a r e  g i v e n  i n  E ' i g u r e  2 b .



Varying levels of blowing w a s  studied for three sets of compoun( 

In all these c o m p o u n d s  Natural R u b b e r / 1 , 2 poly butadiene ratio w a s  

70/30. In the first set of c o m p o u n d s  the filler combination use d  w a s  

clay/silica/aluminium silicate in the ratio 60/30/15. T h e  blowing agent 

concentrations studied for this c o m p o u n d  w a s  four, five, six a n d  seven 

parts p e r  h u n d r e d  r u b ber. In the second set the filler combination 

use d  w a s  clay/silica/aluminium silicate in the ratio 40/40/25. T h e  blowing 

agent concentrations studied w e r e  five, six a nd seven parts p e r  h u n d r e d  

rubber. In the last set the filler combination' used w a s  clay/cilica 

in the ratio 40/40 and the blowing agent concentrations studied for it 

w a s  five a nd six parts p e r  h u n d r e d  rubber.

C o m p o u n d  preparation a nd sheet moulding w e r e  done as d e scribed 

earlier. Sheets w e r e  thentested for its technical properties as per 

the relevant ISI Standards.

R h e o g r a p h s  a r e  g i v e n  i n  F i g u r e  2  c

2.4. Testing of Microcellulax Sheets

In the present w o r k  all tests w e r e  carried out as per 

IS 6664-1972, IS 3400-1974 a n d  IS 10702-1985.

2.4,1. Determination of compression set

/
T h e  c ompression set is the difference b e t w e e n  the original 

thickness a n d  that after the application of a specified load for a speci­

fied period of time a n d  is e x p r e s s e d  as a percentage of the initial 

thickness of the sample.



Testing;-

T h e  test piece having diameter 30 ± 0.2 m m  and thickness

9.5 ± 0.2 m m  w a s  conditioned at 27 ± 1°C an d  65 ± 5 p e r  cent relative

humidity for 24 hours. T h ickness of each test piece at the centre

w a s  m e a s u r e d  using the guage. Test pieces w e r e  then placed b e t w e e n

the parallel plates of the Wallace Constant Stress C o m p r e s s i o n  Set 

A pp a r a t u s  a n d  a load of 140 ± 1 k g  w a s  applied for 24 hours.

W h e n  the test period w a s  o v e r  s a m p l e s  w e r e  r e m o v e d  and

allowed to recover. After the r e c o v e r y  p eriod of one hour the thick­

ness of the s a m p l e s  w a s  noted.

C o m p r e s s i o n  set w a s  calculated using the formula

(tp - t^) X  100

C o m p r e s s i o n  set % =

0̂

tp = • Initial thickness in m m ,

t^ = Final thickness in m m .

2.4.2, Determination of Split Tear Strength

It is the m a x i m u m  load required to split off a s ample test 

piece of specific size, w h i c h  w a s  e x p e c t e d  at a constant s p e e d  of 

75 m m  p e r  minute.

Testing;-

F o u r  rectangular pieces of size 25 x  100 x  7 ± 0.2 m m  w e r e



t out along a n d  across the m o l d e d  sheet. T h e  test piece was 

ared b y  splitting the s a m p l e  m i d w a y  b e t ween the top a n d  bottom 

urface for a distance of 30 m m  from one e n d  a n d  thus forms two 

'tongues at the end.

T h e  t w o  tongues of the test piece w e r e  c l a m p e d  b e t w e e n  the

jaws of the Z w i c k  U T M ,  M o d e l  1474 and allowed to separate at a 

constant rate of 75 m m  p e r  minute. T h e  load w a s  noted with the

help of a recorder. M e a n  of the m a x i m u m  load of the 4 samples 

w a s  taken as the split tear strength.

2.4.3. Determination of Heat Shrinkage

It is the reduction in length that m a y  occur to a s a m p l e  

of specified size, w h e n  it is kep t  in a heating c h a m b e r  maintained

at 100 ± 1°C for one hour.

Testing;-
\

S a m p l e  of size 150 x  25 x  15 m m  w a s  cut from the sheet

after splitting all sides of the sample.

T h e  test piece w a s  conditioned in an a t m o s p h e r e  of relative 

humidity 65 + 5 p e r  cent and at a temperature of 27 ± 2°C for 24 hours 

prior to testing.

Length of the test piece w a s  m e a s u r e d / t o  the nearest 0.1 m m  

and placed in a heating c h a m b e r  maintained at 100 ± 1°C for one hour.



Test piece w a s  then r e m o v e d  from the heating c h a m b e r  and 

allowed to cool for 2 hours at 27 ± 2°C. Length of the test piece 

w a s  again noted. Heat shrinkage w a s  calculated using the equation

( L q - L^) X  100

Heat shrinkage, % = ----- ---------------

L q = Length before heating, in m m .

L^ = Length after heating, in m m .

,2.4.4. Determination of Relative Density

A s a m p l e  of size 50 x  50 m m  w a s  cut fro m  vulcanized and 

post cured sheets/soles.

Test piece w a s  conditioned at an a t m o s p h e r e  of 65 ± 5 per cent 

relative humi d i t y  at a 'temperature of 27 ± 2°C for 24 hours prior 

to testing. After conditioning, the mass, length, b r e a d t h  and thickness 

of the s a m p l e  w e r e  noted.

Relative density w a s  then calculated as follows;

L  X  B  X  T

W h e r e  M  = M a s s  of the test piece in g r a m s  after conditioning.

I
L  = Length of the test piece after conditioning.

!
B  = B r e a d t h  of the test piece after conditioning.

T  = T h i c k n e s s  of the test piece after conditioning.



2.4.5. Determination of Hardness

H a r d n e s s  is m e a s u r e d  as the resistance offered b y  the material 

for the indentation of a pointer of specified dimentions attached to 

a precalibrated spring a nd is e x p r e s s e d  as a n u m b e r .  Test piece

of size 50 X  50 m m  w a s  conditioned at 65 ± 5 per cent relative h u m i d i t y  

a n d  at a temperature of 27 ± 2°C for .24 hours. H a r d n e s s  w a s  then

m e a s u r e d  using Sh o r e  - A Durometer.

• Result is e x p r e s s e d  directly in Shore-A.

2.4.6. Determination of C h a n g e  in H a r d n e s s  After Ageing at 100 ± 1°C

for 24 hours

It is the change in h a r d n e s s  that m a y  occur to a sole s a m p l e  

that undergoes ageing at a specified temperature a n d  for a definite 

time. Difference in h a r d n e s s  of the s a m p l e  before a nd after ageing

at 100 ± 1°C for 24 hours is taken as the change in hardness.

2.4.7. Determination of R o o m  T e m p e r a t u r e  Shrinkage

It is the percentage linear shrinkage that m a y  occur to the

s a m p l e  before a n d  after keeping the s a m p l e  at 27 ± 2°C for t w o  w e e k s .
■

Testing

Test pieces of size 125 x  5 x  15 m m  /was cut fro m  the s a m p l e  

sheet after splitting off all the sides of the sample. It w a s  then 

conditioned in an a t m o s p h e r e  of 65 ± 5 p e r  cent relative h u m i d i t y



and at a temperature of 27 ± 2°C for 24 hours prior to testing. Initial 

length of the test piece w a s  noted to the nearest 0.1 m m .  T h e  test

piece w a s  p l a c e d  in a c h a m b e r  maintained at 27 ± 2°C for two w e e k s .

It w a s  then r e m o v e d  and its length noted.

R o o m  temperature shrinkage is expe c t e d  as

L  - L  X  100

Shrinkage, % = — =-------------

^0

L q = L ength of test piece in m m  before testing.

= Length of test piece in m m  after testing.

2.4.8. Determination of Water Absorption

It is the increase in weight that m a y  occur jto a s a m p l e  of 

specified size d u e  to absorption of w a t e r  b y  it after keeping it in 

distilled water for a specified period.

Testing; -

Test piece of size 5 x 5 x 5  m m  w a s  cut fro m  the s a m p l e  

after r e m o v i n g  the skin from both sides.
I

After conditioning for 24 h o u r s  at 27 ± 2°C the test piece

w a s  w e i g h e d  to the nearest 0.5 m g  a n d  then k e ^ i m m e r s e d  in distilled 

w a t e r  for a p eriod of 24 hours, at 27 ± 2°C. T h e  test piece w a s  

r e w e i g h e d  within t w o  minutes of the r e m o v a l  from water.



- ^ 0
W a t e r  absorption % b y  m a s s  =

W h e r e  = M a s s  in g r a m s  of s a m p l e  after i m m e r s i o n .

M q = M a s s  in g r a m s  of s a m p l e  before i m mersion in water.

2.4.9. Determination of Abrasion Resistance

A b r a s i o n  loss is e x p r e s s e d  as the v o l u m e  of test piece getting

a b r a d e d  b y  its travel through 42 m e t e r  standard abrasion surface, as

u - A m

V  = Abrasion (volume loss of m m ^  unit)

A m  - M a s s  loss (mg unit)

P = Density ( m g / m m ^  unit).

Testing

Abrasion test w a s  conducted using DIN abradejr. It consists 

of a d r u m  w h i c h  p r o v i d e s  the abrasive surface for the sample. T h e  

d r u m  rotates at an r p m  of 40 ± 1 a n d  the total abrasion length of 

the s a m e  is 42 metres. T h e  s a m p l e  having a diam e t e r  16 ± 0.2 m m  

a n d  length of 6 to 10' m m ,  k e e p s  a horizontal feed of 4.2 mm/rotation.



T

s a m p l e  h o l d e r  a nd a load of 5 N w a s  applied. S a m p l e  holder with 

the s a m p l e  w a s  allowed to travel through the specified distance. 

After giving an initial surface smoothening run the w eight of the s ample 

w a s  noted. T h e n  the test run w a s  conducted a n d  the weight w a s

again noted. F r o m  difference in weight the abrasion loss can be

calculated.

2.4.10. Determination of Flex Life

In this test the n u m b e r  of flexing cycles required for a s a m p l e  

with an initial cut of definite size to g r o w  to a definite length and 

for complete cr a c k  failure are noted.

Ross flexing m a c h i n e  is used to determine! the cut g r o w t h

of r u b b e r  samples. T h e  m a c h i n e  allows the p i e rced flexing area 

of the test s p e c i m e n  to b e n d  freely o v e r  a rod of 10 m m  dia b y

an angle of 90°. T h e  m a c h i n e  runs at 100 ± 5 cycles p e r  minute.

O n e  end of the test s p e c i m e n  is c l a m p e d  firmly to a holder a r m  and 

the other e nd is placed b e t w e e n  t w o  rollers w h i c h  permit a free

b ending m o v e m e n t  of the test spec i m e n  during each cycle.

S a m p l e  w a s  given a cut of 2.50 ± 0.02 m m  in length at the

centre of the flexing face at a definite length of 62.0 ± 1.0 m m  from 

the clamping side. Test piece w a s  having a length of 150 m m ,  w i d t h  

of 25.0 ± 1.0 m m  a n d  thickness of 6.30 ± 0.2 m m .



Test s p ecimens w e r e  c l a m p e d  to the holder a r m  of the flexing 

m a c h i n e  in such a position that w h e n  the spec i m e n s  w e r e  flexed at 

90° the cuts w e r e  at the centre point of the arc of flexure.

Adjustable top rollers are let d o w n  till it touches the specimen 

and permits the speci m e n  to travel freely b e t w e e n  rollers.

Frequent observations w e r e  taken for determining the rate 

of increase in cut length.

Observations w e r e  taken for

(1) N u m b e r  of cycles required for propagation of the initial crack 

g i v e n .

(2) Extent of crack g r o w t h  for 100,000 cycles.

2.4.11. Determination of Shrinkage

Sheet size of each s a m p l e  w a s  noted on 2 occasions to study

the extent of shrinkage of w h o l e  sheet.

(a) After stabilization of the p r e c u r e d  sheet at r o o m  temperature

for 24 hours.

(b) After stabilization of the post cured sheet at r o o m  temperature

for 24 hours.



(a) P R I N C I P L E  O F  S E M ;-

A simplified block d i a g r a m  s h o wing the principle of w o r k i n g

of S E M  is given in the Fig. 2.1. Electrons fro m  an emission source 

or filament are accelerated b y  a voltage usually in the range of 1-30 K V  

a n d  directed d o w n  the centre of an electron-optical column consisting 

of t w o  to three magnetic lenses. T h e s e  lenses cause a fine electron

b e a m  to b e  focussed in the s p e c i m e n  surface. Scanning coils placed

before the final lens cause the electron spot to b e  scanned across 

the s p e c i m e n  surface in the for m  of a square raster, similar to that 

of a television screen. T h e  currents passing through the scanning

coils are m a d e  to pass through the corresponding deflection coils 

of a cathode r ay tube, so as to p r o d u c e  a similar but larger raster 

on the viewing screen in 'a synchr o n o u s  manner.

I

T h e  electron b e a m  incident on the s p e c i m e n  surface causes

various p h e n o m e n a ,  of w h i c h  the emission of s e c o n d a r y  electrons is 

used in S E M .  T h e  emitted electrons strike the collector a n d  the

resulting current is amplified and u s e d  to modulate the brightness 

of the cathode r a y  tube. T h e  time for the emission a n d  collection

of the s e c o n d a r y  electrons is negligibly small c o m p a r e d  with the

time for the scanning of the incident electron b e a m  across the s p e c i m e n  

surface. Hence there is a one-to-one c o r r e s pondance b e t w e e n  the 

n u m b e r  of s e c o n d a r y  electrons collected f r o m  a ny particular point 

of the s p e c i m e n  surface a n d  the brightness of the analogous point



on the screen, a nd thus an image of the surface is progressively 

built u p  on the screen.

In S E M ,  the image magnification is determined solely b y  the ratio 

of the sizes of the rasters on the screen and on the specimen surface. 

In o r d e r  to increase the magnification, it is only necejssary to r educe 

the currents in the S E M  scanning coils. As a consequence of this, 

it is easy to obtain high magnification in S E M ,  while for e v e r y  l ow 

magnification of lOX, it w o u l d  b e  necessary to scan a specimen,

a p p r o x i m a t e l y  10 m m  across and this presents difficulties because 

of the large deflection angles required.

(b) T E S T I N G

T h e  S E M  observations reported in the present investigations 

w e r e  m a d e  using a Jeol 35 C  m o d e l  scanning electron microscope. 

Cell structure w a s  investigated using a thin s a m p l e  cut from the centre 

of the microcellular sheeting. T h e  surface to b e  e x a m i n e d  w a s  then 

sputter coated with gold within t w o  hours after s a m p l e  preparation. 

It w a s  then investigated for cell characteristics within five hours 

after gold coating. P h o t o m i c r o g r a p h s  of the special features of each 

s a m p l e  w e r e  taken.

\



TA BL E - 2.1

m a t e r i a l

Natural R u b b e r  

S B R  - 1502 

S B R  - 1958 

1 >2 Polybutadiene 

Zinc oxide 

Stearic acid 

Alox S P  

K 03

P r e c i p i t a t e d  s i l i c a
China clay

Alum inium  s i l i c a t e

D i e t h y l e n e  g l y c o l

N a p h th e n ic  o i l
M B T S

T M T D

Sulphur

D N P T

C O M P O U N D  N U M B E R  

2

70

30

60

40

5

2

5 5 5
30 30 30
60 60 1 60
15 15 • 15
2 2 2
10 10 1! 10

. 1.0 11 ^'0 1.0
0.2 0.2 0.2
1.6 1.6 1 1.6
7.0 7.0 7.0



T A B L E - 2.2

T E M P E R A T U R E P R E C U R E T I M E  (taa + 2.5) M I N U T E S
O F  C U R E C o m p o u n d  1 C o m p o u n d  2 C o m p o u n d  3

150°C 6.0 7.25 - 5.6

140°C 7.8 9.7 6.5

” 80 p e r  cen t  o f  maximum' c u r e .
oU





C H A P T E R  - 3 ;; RRqnT.Tc
a n d  PISCU.S.9TnM



3. R E S U L T S  A N D  DISCUSSION

In t h i s  c h a p te r  r e s u l t s  of our  s tu d ie s  on ex p a n d ed  ru b b e r

b a s e d  on b le n d s  of n a tu ra l  r u b b e r / 1,2 p o ly b u ta d ie n e  a r e  d isc u sse d

in com parison  w ith  t h e  conven tional t y p e  b len d s  b a se d  on n a tu ra l  

r u b b e r / h ig h  s ty r e n e  r u b b e r .  R esu lts  a re  d isc u s s e d  in | t h r e e  d i f f e re n t  

p a r t s .

(1) E ffec t  of 1,2 p o ly b u ta d ie n e  in NR/1,2 PB b a sed  e x panded  s o le s .

(2) E ffec t  of f i l l e r s  in 1 ,2  PB b a s e d  expanded  s o le s .

(3) E ffec t  of v a ry in g  b low ing  agent concentra tion  on th e  p r o p e r t i e s

of 1 ,2  PB b a se d  e x p a n d e d  s o le s .

3.1. Effect of Polybutadiene Ratio in NR/1,2 P B  based M C  Soles

E igh t  compounds w i th  v a ry in g  N R /1 ,2 PB r a t i o  of 100/0 , 90 /10 ,

80/20 , 70 /30 , 60 /40 , 40 /60 , 20/80 and 0/100 w ere  p r e p a r e d .  Two

con tro l  compounds w ith  NR/SBR-1958 and NR/SBR-1502/SBR-1958 w ere

a lso  p r e p a r e d .  MC s h e e ts  w ere  p r e p a r e d  from th e s e  compounds and

e v a lu a te d  fo r  i t s  t e c h n ic a l  p r o p e r t i e s .  S hee ts  p r e p a r e d  from compounds

containing more than  60 p a r t s  of PB w ere  d e fe c t iv e  and hence  we



h a v e  l im ite d  our s tu d ie s  to  a maximum of 60 p a r t s  1 ,2  PB in th e

b le n d .  The te c h n ic a l  p r o p e r t i e s  a re  given in Tab le  3 .2  and F ig .

3.1  to  3 .9 .

R e la t iv e  d e n s i ty  v a r i a t io n s  w ith  v a ry in g  PB content a re  p lo t te d  

in F ig .  3 .1 .  R e la tiv e  d e n s i ty  was found to  d e c re a s e  from 0.75 to

0.35 as th e  content of 1 ,2  p o ly b u ta d ie n e  in th e  b lend  in c re a s e d  from

zero  to  s ix t y  p a r t s .  The p r o b a b le  rea so n s  fo r  th e  low ering  of r e l a t i v e  

d e n s i ty  w i th  in c reas in g  1 ,2  p o ly b u ta d ie n e  content is  th e  r e l a t i v e ly

low er  d e n s i ty  of th e  p o ly m e r  and th e  h ig h e r  expansion  t h a t  i t  causes  

due to  i t s  th e rm o p la s t ic  n a tu re .  As a low er  d e n s i ty  i s  a lw ays  d e s i r ­

a b le  fo r  so ling  m a te r i a l s ,  t h e  use of 1 ,2  PB in MC compounds i s  thus  

found to be advan tageous.

H ardness  v a r ia t io n s  w ith  v a ry in g  PB content a re  p lo t te d  in

F ig .  3 .2 .  Though th e  , h a rd n e s s  of MC s h e e t  in c re a se d  i n i t i a l l y ,  i t

d e c re a s e d  w ith  inc reas ing  amount of 1 ,2  p o ly b u ta d ie n e .  The o b se rv e d

(44 45)in c re a s e  in h a rd n e s s  may be  due to  t h e  in h e re n t  p o lym er  c h a ra c te r  ’ 

Lowering of h a rd n e s s  beyond  30 p a r t s  of 1 ,2  PB i s  due to  th e  h ig h e r  

expansion  of th e  s h e e t  a t  t h i s  lev e l ,  .

I
Com pression se t  v a r ia t io n s  w ith  v a ry in g  PB content a re  p lo t te d  

in  F ig .  3 .3 .  Com pression s e t  was found to  in c re a s e  as t h e  1 ,2  PB,
« I

content in t h e  b lend  in c r e a s e d .  T h is  i s  due to  t h e  th e rm o p la s t ic

n a tu re  of 1,2 PB and th e  l e s s e r  e x te n t  of c ro s s l in k in g  in t h i s  p o ly m e r .

O b se rv a t io n s  on h e a t  s h r in k a g e  a re  p lo t t e d  in F ig ,  3 .4 .  Heat 

s h r in k a g e  a lso  in c re a s e d  w ith  in c re a s in g  PB con ten t.  T h is  i s  because



of t h e  f a c t  t h a t ,  t h e  1 ,2  p o ly b u ta d ie n e  w h ic h  i s  ge tt ing  softened 

a t  h ig h e r  t e m p e ra tu re  enhances  t h e  d iffus ion  of th e  e n tr a p p e d  gas 

from th e  c e l l s  causing  h ig h e r  s h r i n k a g e ^ ^ . Room te m p e ra tu re  s h r in k ­

age was found to  be  a lm ost constan t i r r e s p e c t i v e  of th e  po lym er 

v a r ia t io n .

S p l i t  t e a r  s t r e n g th  v a r i a t io n s  w ith  PB content a re  p lo t te d  

in F ig .  3 .5 .  It a lso  was found d e c re a s in g ,  w ith  in c re a s in g  PB content. 

H igher  expansion  w il l  r e s u l t  in th in n e r  p o ly m e r  w all  g iv ing  low er 

s p l i t  t e a r  s t r e n g th  fo r  th e  p r o d u c t .  The SEM o b s e rv a t io n s  r e p o r te d  

l a t e r  in t h i s  c h a p te r  a ls o  s u p p o r t  t h i s  v iew .

Sheet a re a  i s  a m easure  of th e  p roduction  o u tp u t .  F ig . 3 .6  

g ives  a p lo t  of s h e e t  a re a  aga in s t  PB con ten t.  I t  in c re a s e s  as the

PB content in th e  b len d  in c r e a s e d .  Thus even w ith in  a c c e p ta b le  

p r o p e r ty  l i m i t s ,  in c re as in g  PB content in t h e  b le n d  w i l l  in c re ase  

th e  p roduction  o u tp u t .  H igher expansion  of th e  s h e e t  may be due 

to  th e  lo w e r  compound v i s c o s i ty  and b e t t e r  th e r m o p la s t i c i t y  a t the  

molten s tage  a s s o c ia te d  w ith  th e  h ig h e r  PB con ten t.  The r h e o g ra p h ic  

d a ta  as  given in F ig .  3 .7  a lso  s u p p o r t  t h i s  v ie w .  Area of th e  p o s t ­

cu red  s h e e t  i s  l e s s  than  th e  p re c u re d  s h e e t .  T h is  h a s  o c c u ^ d  due

to  th e  enhanced  d iffu s ion  of th e  gases ' a t  th e  p o s tc u r in g  c o n d it io n s .

Water a b s o rp t io n  i s  a m easu re  of th e  open c e l l s  p ro d u ced  

in t h e  e x p a n d ed  s h e e t .  The o b s e rv a t io n s  on w a te r  a b s o rp t io n  a re  

p lo t t e d  a g a in s t  1 ,2  PB content in F ig .  3 .8 .  As t h e  1,2 PB content 

i n c re a s e d  th e  w a te r  a b so rp t io n  a lso  in c re a s e d  in d ic a t in g  h ig h e r  number



m i

of open c e l l s  a t  h ig h e r  PB con ten t.  Thus th e  chances  of ce ll  wall 

b reakage  i s  m ore as th e  PB content i s  in c re a s e d .

A brasion  d a ta  w ith  v a ry in g  PB content i s  p lo t t e d  in F ig .  3 .9 .

Abrasion lo s s  was found to  in c re a s e  as  t h e  PB content in c re a s e d .

As 1,2 PB i s  a known ab ra s io n  r e s i s t a n t  p o ly m e r^  th e  in c re ase  in 

a b ra s ion  lo s s  may b e  due to  th e  h ig h e r  expansion  of th e  MC s h e e t .

1

Ross f le x in g  d a ta  is  given in T ab le  3 .2 .  F lex  r e s i s ta n c e

is  h igh  fo r  1 ,2  PB b a s e d  s o le s .  In t h i s  r e s p e c t  PB b a se d  MC so les

a re  b e t t e r  in  pe rfo rm ance  com pared  to h igh  s ty r e n e  b a sed  MC so le .

On ke e p in g  fo r  3 w eeks n a tu ra l  r u b b e r  and h igh  s ty r e n e  based

so les  have  shown blooming ten d en cy ,  w hereas  PB b a sed  so le  d id  not

show any blooming ten d e n c y .

T h e re fo re  i t  i s  concluded  t h a t  a d d i t io n  of 1 ,2  PB to NR in 

MC s h e e t  p ro d u c t io n  i s  b e n e f ic ia l  in d e c re a s in g  th e  r e l a t i v e  d e n s i ty ,  

inc reas ing  f le x  l i f e  and in c re a s e d  expansi6n  r e s u l t in g  in in c re a se d

p ro d u c t io n .  H ow ever, p r o p e r t i e s  l i k e  s p l i t  t e a r  s t r n e g th ,  a b ra s io n  

r e s i s ta n c e ,  h a r d n e s s ,  e t c .  a re  a d v e r s e ly  a f f e c te d .

I t  i s  a ls o  o b s e rv e d  th a t  th e  p r o p e r t i e s  of MC so le  p roduced  

from n a tu ra l  r u b b e r / 1 ,2  p o ly b u ta d ie n e  b le n d s  a r e  g e n e ra l ly  in fe r io r  

to  n a tu ra l  rubber/SB R -1958  b le n d .

3.2. Effect of Different Fillers on 1,2 P B  Based Microcellular Soles

Seven compounds w ere  p r e p a r e d  to  s tu d y  th e  e ffec t  of v a ry in g  

p ro p o r t io n s  of commonly used  f i l l e r s  such  as  c l a y ,  s i l i c a ,  aluminium



s i l i c a t e  and m icrocrum b in 1,2  p o ly b u ta d ie n e  b a se d  m ic ro c e l lu la r  s o le s .

MG s h e e ts  w ere  m olded and t e s t e d  fo r  i t s  te c h n ic a l  p r o p e r t i e s .  Recipe 

used  i s  g iven  T a b le  3 .3 .  T e c h n ic a l  p r o p e r t i e s  a re  given in T ab le  3 .4  

and Fig.? 10 to ' ‘17.
•

V aria tion  in r e l a t i v e  d e n s i ty  w i th  d i f f e re n t  f i l l e r  load ings  

a re  given in  F ig .  3 .10 . R e la t iv e  d e n s i ty  of th e  p ro d u c t  d e c re a s e d  

as  th e  s i l i c a / s i l i c a t e  conten t in th e  p ro d u c t  in c r e a s e d .  T h is  is  due 

to  th e  low er  d e n s i ty  of t h e s e  m a te r ia ls  com pared  to  c lay  and th e  

h ig h e r  expansion  ob ta ined  fo r  th e  s h e e t .  H igher expansion  of th e  

p ro d u c t  may be due to  th e  low er  v i s c o s i ty  of th e  compound. Th is

v iew  i s  s u p p o r te d  by  th e  r h e o g ra p h  d a ta  given in F ig .  3 .1 1 .  M icro­

crumb a lso  r e d u c e s  th e  r e l a t i v e  d e n s i ty  of th e  p ro d u c t .  T h is  is

due to  th e  lo w e r  sp e c i f ic  g r a v i ty  of t h i s  m a te r ia l  and th e  h ig h e r  

expansion  i t  f a v o u r s .

H ardness  d a ta  w ith  v a ry in g  f i l l e r  loading i s  given in F ig .  3 .1 2 .  

Although s i l i c a  and s i l i c a t e s  a r e  more re in fo rc in g  than  c la y ,  h a rd n e s s  

of MC was found to  d e c re a s e  as th e  s i l i c a  and s i l i c a t e  content in c r e a s e d .  

T h is  may be  due  to  th e  h ig h e r  expansion  caused  by th e s e  f i l l e r s .

O b se rv a t io n s  on s p l i t  t e a r  s t r e n g th  a r e  p lo t t e d  in F ig .  3 .1 3 .

S p l i t  t e a r  s t r e n g th  d e c re a s e d  as th e  s i l i c a  and s i l i c a t e  content in c re a s e d .  

S ubst itu tion  of c lay  w ith  m icrocrum b a lso  gave c o m p a ra t iv e ly  low 

s p l i t  t e a r  v a lu e .  The h ig h e r  expansion  r e s u l t in g  from t h i s  f i l l e r

a l te ra t io n  caused  red u c t io n  of c e l l  w a l l  th ic k n e s s  and hence  lo w ered
\

t h e  s p l i t  t e a r  s t r e n g th .



Com pression ' s e t  v a r i a t io n s  w ith  f i l l e r  v a r ia t io n s  a re  p lo t t e d

in F ig .  3 .1 4 .  H igher com pression  s e t  v a lu es  a re  o b s e rv e d  fo r  s h e e ts  

made from in c re a s e d  s i l i c a / s i l i c a te /m ic r o c r u m b  loaded  compounds. 

T h is  a lso  may be due to  t h e  h ig h e r  expansion  and th e  consequent 

low er  w all  th ic k n e s s  of th e  p r o d u c ts  o b ta in ed  from th e s e  compounds.

Shee ts  a re a  o b s e rv a t io n s  a re  p lo t t e d  in F ig .  3 .15 . S u b s t i tu tin g

clay  w ith  s i l i c a ,  s i l i c a t e s  and m icrocrum b r e s u l te d  in in c re a s e d  s h e e t  

a r e a .  Hence fo r  h ig h e r  ex p an s io n  and h ig h e r  ou tpu t i t  i s  p r e f e r a b l e

to red u ce  c la y  and s u b s t i tu te  i t  w ith  s i l i c a / s i l i c a te /m ic r o c r u m b .  How­

ever^ some of t h e  d e s i r a b le  p r o p e r t i e s  of th e  MC s h e e t  w i l l  be  a d v e r s e ly  

a f fe c te d  by  t h i s  change.

F ig .  3 .16 g ives  a p lo t  of w a te r  a b s o rp t io n  aga in s t  v a ry in g  

f i l l e r  load ing . I t  a lso  shows an in c re a s in g  t re n d  w ith  in c re a se d  s u b s t i ­

tu tion of c lay  w i th  s i l i c a / s i l i c a t e / m i c r o c r u m b .  Due to  t h e  in c re a s e d
it

expansion  - chances  fo r  c e l l  in te rconnec tion  i s  h igh  and hence  may have
A

caused  h ig h e r  w a te r  a b s o rp t io n .

Abrasion d a ta  fo r  d i f f e r e n t  f i l l e r  load ings  a re  given in 

F ig .  3 .1 7 .  An in c re a s e d  a b ra s io n  lo s s  was o b s e rv e d  fo r  in c re a s e d  

s i l i c a / s i l i c a te /m ic r o c r u m b  lo a d in g .  From th e  f i l l e r  re in fo rcem en t  

po in t  of v iew  s i l i c a / s i l i c a t e  lo ad e d  fcompounds m ight h a v e  h ig h e r  

a b ra s io n  r e s i s t a n c e .  O b se rv ed  p o o r  a b ra s io n  r e s i s ta n c e  may be due 

to  th e  h ig h e r  expansion  and consequen t ea sy  w ear of th e  s h e e t .  

The f le x  r e s i s ta n c e  d a ta  g iven  in T a b le  3 .3  show ed ^hat m icrocrum b 

f i l l e d  s h e e ts  h a v e  le s s  f le x  r e s i s t a n c e  com pared  to o th e r  f i l l e r s .



From th e  above r e s u l t s ^  i t  i s  concluded  th a t  su b s t i tu t io n  of 

ch ina  c lay  w ith  s i l i c a / s i l i c a te /m ic r o c r u m b  causes  h ig h e r  expansion  

fo r  m ic ro c e l lu la r  s h e e t .  Although th i s  i s  b e n e f ic ia l  in inc reas ing  

th e  o u tp u t ,  some of th e  d e s i r a b l e  p r o p e r t i e s  of th e  p ro d u c t  a r e  found 

to  b e  a d v e r s e ly  a f f e c te d .  ^

3.3. Extent of Blowing and Sole Properties

Varying l e v e l s  of b low ing  was s tu d ie d  fo r  t h r e e  s e ts  of 

compounds. . In  a l l  t h e s e  compounds n a tu ra l  r u b b e r / 1 ,2  p o ly b u ta d ie n e  

r a t i o  was 70 /30 . In th e  f i r s t  s e t  of compounds th e  f i l l e r  combination 

used  was c la y / s i l ic a /a lu m in iu m  s i l i c a t e  in t h e  r a t i o  60 /30 /15 . The

blowing agent concen tra tions  s tu d ie d  fo r  t h i s  compound w ere  fo u r ,  

f iv e ,  s ix  and seven p a r t s  p e r  h u n d re d  p o ly m e r .  In th e  second se t^

th e  f i l l e r  combination used  was c la y /s i l ic a /a lu m in iu m  s i l i c a t e  in th e  

r a t io  40/40/25 and th e  blowing c oncen tra t ions  s tu d ie d  w ere  f iv e ,  s ix

and seven  p a r t s  p e r  h u d re d  p o ly m e r .  In th e  t h i r d  s e t  th e  f i l l e r  

combination used  was c l a y / s i l i c a  in th e  r a t i o  40/40 and th e  blowing 

agent c oncen tra t ions  s tu d ie d  fo r  i t  w ere  f iv e  and s ix  p a r t s  p e r  h u n d red  

p o ly m e r .  Compound p r e p a r a t io n  and molding was done as d e s c r ib e d  

e a r l i e r .  Compound r e c ip e  i s  given in  T ab le  3 .4 .  The te c h n ic a l  p r o ­

p e r t i e s  a re  given in T a b le  3 .5  and in F ig .  3 .18 to  3 .2 4 .  R e la tive

d e n s i ty  v a r i a t io n  w ith  v a ry in g  blow ing  agent i s  p lo te d  in F ig .  3 .1 8 .  

In a l l  t h e  above  th r e e  s e t s ,  r e l a t i v e  d e n s i ty  was found to  d e c re a s e  

w ith  in c re a s e  in blowing agen t.  H igher  dosage of b lowing agent r e s u l t s  

in  in c re a s e d  e x te n t  of b low ing  and  in c re a s e d  num ber of c e l l s  p e r



unit  vo lum e, w hich  in tu rn  w i l l  r e s u l t  in low er po lym er  content p e r  

un it  volume of th e  s h e e t .

O b se rv a t io n s  on h a rd n e s s  d a ta  fo r  th e  t h r e e  s e ts  of compounds 

a re  p lo t t e d  in  F ig .  3 .19 . F o r  a l l  t h e  t h r e e  cases  h a rd n e s s  was found 

to  d e c re a s e  w ith  in c re a se d  b low ing agent concen tra t ion . T h is  occurs  

due to  th e  in c re a s e d  e x pansion .

Com pression se t  d a ta  fo r  v a ry in g  blowing agent concen tra tions  

a re  given in  F ig .  3 .2 0 .  I t  show ed an in c re as in g  t r e n d  w ith  in c re a se d  

blowing agent concen tra t ion . T h is  i s  due to  th e  in c re a s e d  expansion  

of th e  s h e e t  w i th  in c re a se d  blowing agen t.

S p l i t  t e a r  s t r e n g th  v a r i a t io n s  fo r  d i f f e re n t  e x te n ts  of expansion

a re  g iven  in F ig .  3 .2 1 .  Fo r  a l l  t h e  th r e e  s e ts  of ex p e r im e n ts  s p l i t

t e a r  s t r e n g th  was found to d e c re a s e  w ith  in c re a s e d  blowing agent con­

c e n tra t io n .  As th e  expansion  in c re a se d ^  p o ly m e r  c e l l  w a l ls  may be 

ge tt ing  th in n e r  r e s u l t in g  in low er  s p l i t  t e a r  s t r e n g t h . SEM Pho tom icro ­

g ra p h  given l a t e r  a lso  s u p p o r t s  t h i s  v ie w .

Sheet a r e a  v a r ia t io n s  of p r e c u r e d  and  p o s tc u re d  p ro d u c t  fo r  

v a ry in g  e x te n t  of blowing a re  given in F ig .  3 .2 2 .  As th e  ex ten t  

of b low ing  in c re ase d ^  s h e e t  a re a  a lso  . in c re a s e d .  In c re a se d  blowing 

agent in c re a s e s  t h e  expansion  and th e  num ber of c e l l s .  SEM p h o to ­

m ic ro g ra p h  g iv e s  ev idence  fo r  t h i s  v ie w .

Change in w a te r  a b s o rp t io n  pe rc e n ta g e  w ith  change in blowing

agent c oncen tra t ions  a re  p lo t te d  in F ig .  3 .2 3 .  In c re a se d  w a te r  ab so rp t io n

\



w ith  in c re a s e d  e x ten t  of blowing in d ic a te d  b rea k a g e  of c e l l s  re su l t in g  

in in te rconnec tion  of c e l l s  a t  h ig h e r  ex p an sio n .

A brasion  d a ta  fo r  a l l  th e  th r e e  s e t  of experin:ients a re  f iven 

in F ig .  3 .2 4 .  A brasion lo ss  was found to in c re a s e  w i th  in c rease  

in blowing agent c o n c en tra t io n .  T h is  may be due to t h e  f ac t  th a t  

as  th e  e x ten t  of blowing d e c re a s e d ,  th e  po lym er  w a lls  may be getting  

t h i c k e r  th u s  p re v e n t in g  th e  easy  w ear  of th e  m ic ro c e l lu la r  s h e e ts  

a t  low er b lowing l e v e l s .

The r e s u l t s  in d ic a te d  th a t  in c re ase  in b lowing agent concentration 

in c re a se d  th e  e x te n t  of blowing w hich  in tu rn  a d v e r s e ly  affect'_i'. some 

of th e  c r i t i c a l  p r o p e r t i e s .  T h e re fo re  th e  optimum le v e l  of blowing 

ha s  to  be used  fo r  p roducing  m ic ro c e l lu la r  of a c c e p ta b le  q u a l i ty .
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CHAPTER - 4 ;; OBSERVATIONS OF SEM ■9TtmTT.c



4 .  OBSERVATIONS OF SEM STUDIES

■ The SEM observations were made only on seven selected vu lca- 

nizates. Formulations are given in Table 4 .1 . The SEM photomicro­

graphs are given in Figi. 4.1 to 4 .7 .

F ig . 4.1 is the photomicrograph prepared from natural rubber 

alone. The cells  are found to be com paratively small in siz'le, the

ce ll w alls are appreciab ly  th ic k . Cells of d iffe ren t diam eters are  

seen. The la rg er cells have an approxim ate diam eter of 10 M.m. The

introduction of SBR-1958 (Compound Number 2) caused a larger expansion 

to the m icrocellu lar sheet. This la rg er expansion is also c lear from 

the SEM photom icrograph, of the sample as given in F ig . 4 .2 . The 

average size of the ce ll is la rg e r and the number of cells are also

h ig h er. The ce ll walls are not th ic k  ' and continuous as in the case

of pure natural ru b b e r. Here also the maximum diam eter of the cell 

is  around 100 Km. However when 1,2  polybutadiene is  blended w ith  

natural rubber instead of SBR-1958 as in Compound Number 3 , the 

expansion of the sheet is  s t i l l  la rg er and SEM photographs given 

in F ig . 4 .3  shows evidence fo r th is  la rg er expansion. The cells  

are la rg er in s ize , the maximum diam eter exceeding w e ll over 100 K m .



The ce ll w alls were also found to be much th inner compared to those
[

observed in Compound Number 1.

A reduction in blowing agent le v e l reduced expansion, however 

th is  does not cause a reduction in the c e ll size as is evident from  

Figfc 4 .4  to 4 .6  which are - th e  SEM photomicrographs of compounds

4 to 6 containing s ix , f ive  and four p h r each of the blowing agent. 

The cells  in these vulcanizates were found to be of more c ircu lar  

shape and the c e ll , w alls were found to be becoming more th ic k  as 

the blowing agent is reduced.

F ig . 4.7 is the SEM photomicrograph of sheet prepared from 

Compound Number 7 in which microcrumb was added as a f i l l e r  in 

place of c lay . A comparison of F ig . 4.3 and 4.7  c learly  indicated  

tha t the higher expansion of the mix containing microcrumb correlated  

w ith  a la rg er number of c e lls . The c e ll w alls in th is  m icrocellu lar 

sheets are also found to be much th in ner.

I t  was observed that as the 1,2 polybutadiene content is  

increased^ the expansion of m icro cellu lar sheet increases. However^ 

most of the des irab le  p roperties  l ik e  s p lit  tea r strength, compression 

set, e tc . are adversely  affected . Water absorption also is  found 

to be more as the expansion increased. Some of the explanations 

are supported by the SEM photom icrographs. As the expansion of 

m icrocellu lar increased ce ll w alls  became th inner and at least some 

of the cells  are getting interconnected. The th inner walls accounts 

fo r the low er s p lit  tear strength and higher compression set. The 

p a rtia l interconnection of the cells  accounts fo r the higher water 

absorption.
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5 .  SUMMARY OF THE WORK

Effect of d iffe ren t proportions of 1,2 polybutadiene in blend 

w ith  natural rubber was evaluated fo r th e ir  application in m icrocellu lar  

solings, in comparison w ith  the conventional natural rubber-h igh  styrene

based blend.

In a selected blend d iffe ren t f i l le r  combinations were also 

evaluated. F in a lly  in three selected systems having d iffe ren t extent 

of blowing were also studied.

(1) M icroce llu lar sheet prepared from a 70/30 blend of natural

ru b b e r/1,2 polybutadiene, though is  s lig h tly  in fe rio r  in 

technical physica l p roperties  compared to the conventional 

typ e , has got specific  advantage of lig h t weight and higher 

production output.

(2 ) A suitable f i l l e r  combination fo r 1,2 polybutadiene based

m icrocellu lar soling was found to be c lay /s ilica /a lum in ium  

s ilica te  in the ra tio  60/30/15.

(3)  F ille rs  such as s ilic a , aluminium s ilic a te , and microcrumb

can favour higher expansion.



iO O

(4) Increased 1,2 polybutadiene content causes higher expansion.

(5) As the 1,2  polybutadiene content increases sheet ,becomes

lig h te r .

(6) For the same le v e l of expansion addition of 1,2 polybutadiene

in natural rubber can increase hardness.

(7) For the same leve l of expansion, abrasion properties are

comparable w ith  that of the conventional typ e .

(8) As compared to the high styrene based sole for the same

le v e l of expansion, only lesser amount of blowing agent is 

needed.
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