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Abstract
R a d ia tion  vu lcan isa tio n  is a process to  produce preuu lcan ised n a tu ra l ruh he r(N R ) la tex free  o f  to x ic  residual 

chemicals. Some o f  the factors tha t con tro l the effic iency o fvu lca n isa tio n  o f  N R  la tex by gam m a ir ra d ia tio n  are in it ia l 

m olecu la r w e ig h t o f  rubber, green s treng th  o f  rubber, the a m o u n t o f  n o n -ru b b e r ing red ien ts  present a n d  num ber 

o f  pa rtic les  in  N R  la tex. G enera lly  la tex concentrate is stored p r  abou t three weeks to  achieve an im p rovem en t in  

m olecu la r w e ig h t and hence green streng th. I n  th is  w o rk  an a ttem p t is made to  im prove ge l con ten t o f  fresh  N R  la tex  

by exposure to  lo w  doses o f  gam m a rad ia tion  fo llo w e d  by cream ing  o f  la te x  to  reduce the no n -ru bbe r ingredients. 

The creamed la te x  is  then vu lcan ised by exposure to  gam m a ra d ia tio n  in  presence o fn -b u ty l ac ry la te  as sensitiser. 

I t  is  observed tha t on  exposure o f  fresh  N R  la tex  to  lo w  doses o f  gam m a ra d ia tio n  there is an increase in  ge l content 

fa v o u r in g  enhanced level o fvu lc a n is a tio n . D u e  to  concen tra tion  o f  la te x  by a cream ing process tlie re  is reduction  

in  no n -ru bbe r in g re d ie n ts  tha t he lp in  fo rm a tio n  o f  coherent la te x  fUm s. U n lik e  c e n trifu g a l process, the nu m be r o f  

sm a lle r rubber pa rtic les  in  la tex a fte r cream ing is h ighe r in  cream edfraction . A l l  these fac to rs  con tribu te  to enhanced 

m echanical p roperties o f  R ad ia tion  Vulcan ised N a tu ra l R ubber La tex (R V N R L ). I t  is  observed th a tR V N R L  cou ld  

be m ore eas ily  blended w ith  syn the tic  la tex because there is fo rm a tio n  o f  g ra ft  copolym er and an enhancement in  

co llo ida l s ta b ility  a fte r irra d ia tio n . O n  b lend ing  R V N R L  w ith  h ig h  s tyrene con ten t s tyrene butadiene copolym er 

la te x  (H S B L ) the m odu lus increase depending on its  concen tra tion  m a in ly  due to the r ig id i ty  o f  rub be r present. 

R V N R L  o f  im p roved  m echanical properties are obta ined by  u s in g  creamed N R  la tex th a t has h ig h e r ge l con tent 

and  b y  b le n d in g  R V N R L  lo ith  H S B L.

Introduction
N a tu r a l ru b b e r  la te x  (N R L )  fo rm s  th e  r a w  m a te r ia l 

f o r  th e  p r o d u c t i o n  d i f f e r e n t  ty p e s  o f  g lo v e s ,  

fo a m , e la s tic  th re a d , ru b b e r  b a n d , b a llo o n  e tc. F o r  

th is  th e  la te x  n e e d s  to  b e  s u b je c te d  to  a p ro ce ss  

o f  v u lc a n is a t io n .  L a te x  is  v u lc a n is e d  e i th e r  b y  

c o m p o u n d in g  w i t h  s u lp h u r  a n d  a cce le ra to rs  o r  b y  

e x p o s u re  to  g a m m a  ra d ia t io n . R a d ia tio n  V u lc a n iz e d  

N a tu r a l  R u b b e r  L a te x  (R V N R L )  possesses s e v e ra l 

a d v a n ta g e s  o v e r  th e  s u lp h u r  v u lc a n iz e d , s u c h  as 

th e  a b se n ce  o f  n i t r o s a m in e  c o m p o u n d s ,  b e t te r  

tra n s p a re n c y , v e ry  lo w  c y to to x ic ity  a n d  less ru b b e r  

p ro te in s  th a t  causes a lle rg ic  re sp o n se  . T h e  m a in  

d ra w b a c k  is  th e  lo w e r  m o d u lu s . S om e o f  th e  fa c to rs  

th a t  c o n tro l th e  e f f ic ie n c y  o f  v u lc a n is a t io n  o f  N R  

la te x  b y  g a m m a  ir r a d ia t io n  a re  in i t ia l  m o le c u la r  

w e ig h t  o f  r u b b e r ,  g re e n  s tre n g th  o f  ru b b e r ,  th e

a m o u n t  o f  n o n  - r u b b e r  in g re d ie n ts  p re s e n t a n d  

n u m b e r  o f  p a r t ic le s  in  N R  la tex .^  G e n e ra l ly  la te x  

c o n c e n tra te  is  s to re d  f o r  a b o u t  th re e  w e e k s  to  

a c h ie v e  a n  im p r o v e m e n t  i n  m o le c u la r  w e ig h t  

a n d  h e n ce  g re e n  s tre n g th . B o th  c o l lo id a l s ta b i l i ty  

a n d  g re e n  s t re n g th  o f  ru b b e r  in  la te x  c o n c e n tra te  

in c re a se  d u r in g  s to ra g e . T h is  is  d u e  to  fo rm a t io n  

o f  f a t t y  a c id  s o a p s  a n d  m ic r o  g e l.  A m m o n iu m  

soa p s  fo r m e d  d u e  to  re a c t io n  o f  a m m o n ia  w i t h  

h y d r o ly t ic  p ro d u c ts  o f  p h o s p h o lip id s  a d s o rb  o n  

su rfa ce  o f  ru b b e r  p a r t ic le  a n d  le a d s  to  im p ro v e m e n t 

in  c o l lo id a l s ta b ility ^ . T h e  fo rm a t io n  o f  m ic ro  g e l is  

a t t r ib u te d  to  in te ra c t io n  o f  n o n  -  ru b b e r  c o m p o n e n ts  

th a t  is  p ro te in s  a n d  p h o s p h o lip id s  b o n d e d  to  the  

ru b b e r  m olecu les.®  D u e  to  fo r m a t io n  o f  m ic ro  ge l 

th e  g re e n  s t re n g th  o f  th e  r u b b e r  in c re a s e s . T h e
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g re e n  s tre n g th  c a n  be in c re a s e d  b y  in c re a s in g  th e  

g e l c o n te n t.  T h e  d y n a m ic  m e c h a n ic a l p ro p e r t ie s  

o f  th e  f i lm s  d e p e n d  o n  th e  n o n  ru b b e r  in g re d ie n ts  

a n d  g e l c o n te n t o f  la te x .

T h e  m o d u lu s  a n d  te n s ile  s tre n g th  can  be  im p ro v e d  

b y  u s in g  la te x  c o n c e n tra te  o f  h ig h e r  g re e n  s tre n g th  

as th e  r a w  m a te r ia l  a n d  b y  s u i ta b le  le a c h in g  

o p e ra tio n s . I t  is  a ls o  p o s s ib le  to  g e t im p ro v e m e n t  

in  m o d u lu s  b y  d ire c t  r a d ia t io n  g ra f t in g  c u m  cross 

l in k in g  o f  N R  la te x  in  p re sen ce  o f  a m o n o m e r  lik e  

m e th y l m e th a c ry la te  ( M M A )  w i t h  M M A  c o n te n t in  

th e  ra n g e  o f  50 -60 p h r .*  O n  th e  o th e r  h a n d  d ire c t  

b le n d in g  o f  R V N R L  w i t h  u p  to  25 p a r ts  M M A  

g ra fte d  n a tu ra l ru b b e r  la te x , s h o w e d  o n ly  m a rg in a l 

im p ro v e m e n t  in  m o d u lu s .

I f  p o ly m e rs  o f  s u ita b le  p o la r i t y  a re  m ix e d ,  th e  

b le n d  is  e x p e c te d  to  p ro v id e  e n h a n c e d  m e c h a n ic a l 

p ro p e r t ie s  in c lu d in g  m o d u lu s .  T h e  p re s e n t w o r k  is 

a n  a t te m p t  in  th is  l in e  a n d  re p o r ts  th e  u se  o f  h ig h  

s ty re n e  c o n te n t  s ty re n e  b u ta d ie n e  c o p o ly m e r  in  

im p r o v in g  th e  m o d u lu s  o f  R V N R L  f i lm s  p re p a re d  

f r o m  la te x  o f  h ig h e r  g e l c o n te n t.

Experimental
H ig h  a m m o n ia  p re s e rv e d  f ie ld  la te x  w a s  o b ta in e d  

f r o m  P ilo t  c ru m b  ru b b e r  fa c to ry , R R II. H ig h  s ty re n e  

c o n te n t s ty re n e  b u ta d ie n e  c o p o ly m e r  la te x  (H S B L ),

P lo il i te  S B L  2058, w a s  o b ta in e d  f r o m  M / s  E lio k e m  

P v t  L td  M u m b a i,  In d ia  ( to ta l s o lid s  c o n te n t  =  2 9 3 2  

%, p H  “ 11 .3 ).T h e  la te x  w a s  s u b je c te d  to  a  c re a m in g  

p ro cess  u s in g  a m m o ru u m  a lg in a te .

T a b le  1. R a w  r u b b e r  p ro p e r t ie s  o f  u n - i r r a d ia te d  a n d  p re -  ir r a d ia te d  
la te x  s a m p le

P aram e te r C o n tro l (u n -irrad ia ted ) S a m p le  (p re> irrad iated)

B efore c ream ­
in g

A fte r
c ream in g

B efore
c ream in g

A fter
c ream in g

N itro g en  con ­
ten t, %

0.50 0.46 0.49 0.24

A cetone extract- 
ables,%

3.53 4.25 3.42 4.19

In itia l p lastic ity
(P J

30 - 33 -

G el con ten t, % 2 36 -

F ig .  1. G a m m a  c h a m b e r  5000 cc

R a d ia tio n  v u lc a n is a t io n  w a s  e ffec ted  b y  g a m m a  ra ys  

u s in g  G a m m a  C h a m b e r  -  5000 cc. N a tu r a l ru b b e r  

la te x (N R L )w a s  c o lle c te d  e xp o se d  to  lo w  doses o f  

g a m m a  ra d ia t io n .  T h e  la te x  w a s  th e n  s u b je c te d  to  

a  c re a m in g  p ro cess  b y  u s in g  a m m o n iu m  a lg in a te  

as th e  c re a m in g  a g e n t.  T h e  c re a m e d  la te x  w a s  

e x p o s e d  to  a dose  o f  15 k G y  a t a dose  ra te  o f  1.26 

k G y / h  u s in g  a  g a m m a  c h a m b e r 5000 c c . (F ig . l) .  

T h e  c re a m e d  la te x  w a s  c o m p o u n d e d  w i t h  0.3  p h r  

p o ta s s iu m  h y d ro x id e  as s ta b ilis e r a n d  5 p h r  n -b u ty l 

a c ry la te  (n -B A )  as s e n s it iz e r  p r io r  to  ir r a d ia t io n .  

L a te x  b le n d s  w e re  p r e p a re d  b y  b le n d in g  N R L  

a n d  H K B L  so  as to  h a v e  d r y  ru b b e r  c o n te n t in  th e  

r a t io  9 0 /1 0 ,  8 0 /2 0 .  T h e  p a r t ic le  s ize  d is t r ib u t io n  

o f  th e  la te x  s a m p le s  w e r e  d e te r m in e d  u s in g  

M a lv e rn  Z e ta s iz e r N a n o  S e rie s (N a n o  S )p a rtic le  s ize  

a n a ly z e r . T h e  q u a l i t y  o f  R V N R L  w a s  e v a lu a te d  b y  

m e a s u r in g  th e  la te x  q u a l ity  

p a ra m e te rs  a n d  s tre n g th  o f  

R V N R L  f i lm s  o b ta in e d  b y  

c a s tin g  te c h n iq u e . S o lv e n t 

a b s o rp tio n  w a s  c o n d u c te d  

u s in g  to lu e n e  as th e  s o lv e n t 

a n d  d u ra t io n  w a s  48  h  a t 

r o o m  te m p e r a tu r e .  T h e  

p ro p e r t ie s  o f  la te x  a n d  d r y  

ru b b e r  f i lm s  w e re  c a r r ie d  

o u t  as p e r  s ta n d a rd  te s t 

m e th o d s .



d r y  ru b b e r )  la te x  b le n d s  a t  d i f f e r e n t  s h e a r ra te s

Shear rate, 
(sec')

Control viscosity mFa.s Sample viscosity niPa.s

Pure RVNRL 9(V10 blend Pure RVNRL 9(yi0 blend

60 0.05 0.10 0.05 .09

120 0.05 0.05 0.05 .06

180 0.03 0.03 0.03 .03

Results and discussion
1. P a r t ic le  s iz e  d is t r ib u t io n  o f  la te x

T h e  p a r t ic le  s ize  v a r ie s  f r o m  a b o u t 100 n m  2000 

n m  f o r  b o t t i  u n - i r r a d ia te d  la te x  s a m p le  a n d  

i r r a d ia te d  s a m p le . T h e  b im o d a l d is t r ib u t io n  is  

u n c h a n g e d  b u t  th e  a m o u n t  o f  s m a lle r  p a r t ic le s  

in c re a se  a f te r  ir r a d ia t io n .  A f te r  c re a m in g  f o r  b o th  

u n - ir r a d ia te d  a n d  p re - ir ra d ia te d  la te x  th e  p a r t ic le  

s ize  decreases c o n s id e ra b ly . D u r in g  ir r a d ia t io n  i t  

is  p o s s ib le  th a t  so m e  c h e m ic a l c h a n g e s  ta k e  p lace  

f o r  th e  p ro te in a c e o u s  m a te r ia ls  a n d  th is  m a y  be 

c o n t r ib u t in g  to  re d u c t io n  o f  s iz e  a f te r  c re a m in g . 

T h e  re d u c t io n  in  p a r t ic le  s ize  c a n  b e  a t t r ib u te d  to  

re m o v a l o f  p ro te in s  p re s e n t o n  th e  ru b b e r  p a r tic le .  

T h e  n it r o g e n  c o n te n t  b e fo re  a n d  a f te r  c re a m in g  is  

s h o w n  in  T a b le  1. A s  o b s e rv e d  th e  n it ro g e n  c o n te n t 

decreases a f te r  c re a m in g .

2 . C re a m in g  c h a ra c te r is t ic s

I t  is  o b s e rv e d  th a t  a  h ig h e r  le v e l o f  c re a m in g  

is  o b s e r v e d  f o r  f r e s h  N R  la te x  w i t h o u t  p r i o r  

i r r a d ia t io n  as o b s e rv e d  b y  a  h ig h e r  le v e l o f  D R C . 

T h e  s m a lle r  s iz e d  p a r tic le s  o f  la te x  in c re a se  a f te r  

i r r a d ia t io n  a n d  a f te r  c re a m in g .  A d s o r p t io n  o f  

m a c r o m o le c u le s  o f  c r e a m in g  a g e n t  p r o m o te s

la te x  p a r t ic le s  b y  re d u c in g  

th e  e f f e c t iv e  d e n s i t y  o f  

e le c tr ic  ch a rg e  a t th e  p a rtic le  

interface®. T h e  p a rtic le s  th u s  

c o m e  to g e th e r  a n d  c o h e r  

lo (» e ly . T hese  a g g lo m e ra te d  

p a r t ic le s  g r o w  a n d  f o r m  

c lu s te rs  o f  ru b b e r  p a rtic le s . 

T h e se  c lu s te rs  g r o w  u n t i l  

th e ir  b u o y a n c y  is  s u f f ic ie n t  to  cause  th e m  b re a k  

fre e  f r o m  th e  n e tw o r k  le a d in g  to  c re a m in g  o f  la te x . 

H o w e v e r ,  s m a lle r  th e  s ize  o f  ru b b e r  p a r tic le s  m o re  

is  th e  re s is ta n c e  to  c re a m in g . T h e  p re - ir ra d ia te d  

la te x  ha s  p a r t ic le s  w h ic h  a re  o f  s m a lle r  s ize  a n d  

he nce  c re a m in g  e f f ic ie n c y  is  s l ig h t ly  lo w e r  th a n  

u n -  ir r a d ia te d  la te x .

3. F lo w  c h a ra c te r is t ic s (H a a k e  v is c o m e te r )

T h e  d a ta  o n  f lo w  c h a ra c te r is tic s  o f  v is c o s ity  v e rs u s  

s h e a r ra te  o f  th e  p u re  R V N R L  a n d  b le n d s  w i t h  

H S B L  in  9 0 /1 0  a n d  8 0 /2 0  p ro p o r t io n s  a re  s h o w n  

in  T a b le  2a a n d  th a t  o f  ru b b e r  s o lu t io n s  a t th e  sam e 

c o n c e n tra t io n  is  g iv e n  in  T a b le  2b.

F o r  p u r e  la te x  th e  v is c o s i t y  is  c o n s ta n t  o v e r  

d i f fe re n t  s h e a r ra tes  a n d  h e n ce  s h o w s  N e w to n ia n  

b e h a v io u r .  F o r  th e  b le n d s  th e  v is c o s ity  is  s l ig h t ly  

h ig h e r  a n d  v is c o s ity  s h o w s  v a r ia t io n  w i t h  she a r 

ra te . A t  lo w e r  s h e a r ra tes  v is c o s ity  is  h ig h e r  a n d  

decreases w i t h  she a r ra te  fo r  b o th  th e  la te x  sam p les. 

T h e  f lo w  c h a ra c te r is tic s  c h a n g e  o n  b le n d in g  a n d  

th e re  is  d e v ia t io n  f r o m  th e  N e w to n ia n  b e h a v io u r .  

I t  is  seen th a t  th e  f lo w  is  n o n -N e w to n ia n  f o r  th e  

ru b b e r  s o lu t io n s  as n o te d  e a r lie r^ .  T h e  v is c o s ity  

decreases as s h e a r ra te  increases. I t  is  a ls o  n o te d

T a b le  2 b . V is c o s ity  o f  0 .3  %  ( w /v )  r u b b e r  s o lu t io n s  i n  th a t  th e  v is c o s ity  in c rea ses  a f te r  i r r a d ia t io n  

to lu e n e  a n d  is  a t t r ib u te d  to  g e l fo rm a t io n .

4. R a w  r u b b e r  p ro p e r t ie s  

T h e  r a w  r u b b e r  p r o p e r t ie s  o f  r u b b e r  

o b ta in e d  b y  p re - ir r a d ia t io n  in  c o m p a r is o n  

w i t h  c o n t ro l s a m p le  is  g iv e n  i n  T a b le  1. I t  is  

o b s e rv e d  th a t  th e  n it ro g e n  c o n te n t  re m a in s

Shear rate (sec^’ Un-irradiated Pre-irradiated

60 3.5 5.5

120 3 4.5

180 2.5 3.5
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Table 3. Mechanical properties of RVNRL

Properties Control 
(Creamed FPL)

Saoiple(pre-iiradiat' 
ed creamed PPL)

Gum strength, MPa 1.54 3.0

Modulus 300%, MPa 0.85 1.1

Modulus 500%, MPa 1.14 1.6

Tensile strength, MPa 22.0 25.32

El<»igation at break, % ■ 1379 1283

Solvent swelling, % 
(after 24 hours)

230 170

Tension set after 1 hour 
a t 300 % elcmgation

10 6

a lm o s t  s a m e  a f te r  i r r a d ia t io n  .B u t i t  d e c re a se s  

a f te r  c re a m in g  f o r  b o th  ra d ia te d  a n d  im ir r a d ia te d  

s a m p le . T h e  d e c re a se  is  h ig h e r  f o r  th e  c re a m e d  

la te x  th a t  w a s  su t^e c te d  to  a  p re - ir ra d ia t io n  process. 

T h e re  is  a n  in c rease  in  in i t ia l  p la s t ic ity  (P^) o f  ru b b e r  

re c o v e re d  f r o m  la te x  s u b je c te d  to  p re - ir ra d ia t io n .  I t  

is  a lso  n o te d  th a t  o n  e x p o s u re  o f  fre s h  N R  la te x  to  

g a m m a  r a d ia t io n  g e l c o n te n t  increases.

E a r l ie r  re p o r ts  s h o w  th a t  p ro te in s  g e t d e g ra d e d  o n  

e x p o s u re  to  g a m m a  ra d ia t io n ^  C o n s e q u e n tly  th e re  

is  a  de c re a se  in  n it r o g e n  c o n te n t  a f te r  c re a m in g  

as lo w  m o le c u la r  w e ig h t  n i t ro g e n o u s  m a te r ia ls  

g o  in to  s e ru m  fra c H o rt a n d  a n  in c rea se  in  a ce tone  

e x tra c ta b le  f r a c t io n  in  th e  ru b b e r . N R  m o le c u le s  

a re  p re s u m e d  to  be  l in k e d  w i t h  p h o s p h o lip id s  a n d  

o th e r  g ro u p s  th a t  asso c ia te  w i t h  p ro te in  to  fo r m  

cross l in k in g  b y  in te rm o le c u la r  h y d ro g e n  b o n d in g .  

I t  is  e x p e c te d  th a t  b ra n c h in g  o f  N R  m o le c u le s  o c c u r  

d u e  to  th e  p h o s p h o l ip id  g ro u p s  p re s e n t in  th e  

m o le c u le s . T h u s , these  c ro s s lin k s  m a k e  i t  p o s s ib le  

to  fo r m  th re e  d im e n s io n a l n e tw o r k  s tru c tu re s  in  

NR®. T h is  cross U n k in g  a lo n g  w i t h  o th e r  l ik e ly  cross 

lin k s  fo rm e d  in  p re sen ce  o f  g a m m a  r a d ia t io n  le a d  

to  a n  in c rea se  in  ge l c o n te n t. A n  in c rea se  in  fo r

ir ra d ia te d  s a m p le s  c a n  be  d u e  to  fo rm a h o n  o f  ge l 

d u r in g  ir r a d ia t io n .

5. Mechanical properties of RVNRL 
5.1. Pure RVNRL
T h e  g u m  s t r e n g th  o f  N R  in c re a s e s  a f t e r  p r e

ir ra d ia t io n .  T h is  is  a t t r ib u te d  to  th e  

in c rea se  in  g e l c o n te n t  as s h o w n  in  

T a b le  3. T h e  e n h a n c e m e n t in  g re e n  

s t re n g th  d u e  to  e n h a n c e m e n t o f  

e n ta n g le m e n t a n d  g e l fo rm a t io n  is 

re p o r te d  e a r lie r

R V N R L  f i lm s  p r e p a r e d  a f t e r  

p r e - i r r a d ia t io n  s h o w e d  a  h ig h e r  

m o d u lu s ,  te n s i le  s t r e n g t h  a n d  

lo w e r  e lo n g a t io n  a t  b r e a k  a n d  

te n s io n  se t (p e rm a n e n t se t -  T a b le  

3). T h e  h y s te r is is  lo ss  is  h ig h e r  fo r  

th e  c o n t ro l c o m p a re d  w i t h  sam p le ; 

c o n s e q u e n t ly  te n s io n  se t is  a ls o  

lo w e r  f o r  th e  s a m p le .  A  h ig h e r  

c ro ss  l in k in g  is  o b ta in e d  a f te r  p r e - ir r a d ia t io n  as 

o b s e rv e d  f r o m  s o lv e n t  s w e llin g .

I t  is  e x p e c te d  t h a t  d u r i n g  p r e - i r r a d i a t i o n  

s e v e ra l c h a n g e s  ta k e  p la c e . T h is  in c lu d e s  c h a in  

e n ta n g le m e n ts , m ic r o  g e l f o r m a t io n  a n d  p a r t ia l  

re m o v a l o f  p ro te in s . A l l  the se  cha ng es  c o n tr ib u te  

to  e n h a n c e m e n t in  m e c h a n ic a l p ro p e r tie s . 

M o d if ie d  R V N R L  can  be  d ire c t ly  use d  fo r  p ro d u c tio n  

o f  la te x  based  h o u s e h o ld  g lo v e s  (F ig . 2).

5 X  Blends of RVNRL w ith HSBL

O n  b le n d in g  R V N R L  w i t h  H S B L  ( 9 0 /1 0  b a se d

o n  d r y  r u b b e r  c o n te n t)  th e  m o d u lu s  in c re a s e d

F ig .  2. H o u s e h o ld  g lo v e s  m a d e  f r o m  ra d ia t io n  
v u lc a n is e d  la te x



P aram ete r C o n tro l R V N R V H SB L  
(b ased  on  d rc * )

S am p le  R V N R l/H S B L  
(b a sed  o n  d r c )

90/10 8<V2D 9(yi0 SOft.0

M o d u lu s 
300%, M Pa

1.83 2.56 2.08 3.25

M odu lus 
500%, M Pa

3.64 5.02 4.24 6.51

M odu lus 
700%, ,M Pa

8.18 9.72 9.14 12.45

Ter\sile
streng th ,

M Pa

18.18 12.89 25.51 16.62

E longation  a t 
b reak  (%)

910 805 1055 800

s ig n i f ic a n t ly  (T a b le  4 ). F u r th e r  im p ro v e m e n t  in  

m o d u lu s  w a s  o b ta in e d  a f te r  p re - ir ra d ia t io n .  T h e  

te n s ile  s tre n g th  w a s  o n ly  m a rg in a lly  re d u c e d  b y  

a d d in g  H S B L . W h e n  th e  p r o p o r t io n  o f  H S B L  w a s  

in c re a s e d  f r o m  10 to  20 % in  th e  b le n d , th e  m o d u lu s  

in c re a s e d  s h a r p ly  a n d  th e  v u lc a n iz a te  b e ca m e  

h a rd  a n d  m o re  p la s t ic  n a tu re d .  T h e  in c re a se  in  

m o d u lu s  is  m a in ly  d u e  to  th e  r ig id i t y  o f  th e  s ty re n e  

b u ta d ie n e  cop o lym e r.®  L a te x  o f  h ig h e r  m o d u lu s  

c a n  be u s e d  fo r  p r o d u c t io n  o f  la te x  based  p ro d u c t  

l ik e  e la s tic  th re a d .

Conclusion
T h e  g re e n  s t re n g th  o f  N R  la te x  in c re a s e  a f te r  

e x p o s in g  f r e s h  la te x  to  lo w  d o s e s  o f  g a m m a  

r a d ia t io n  a n d  is  a t t r ib u t e d  to  g e l f o r m a t io n .  

R V N R L  p re p a re d  f r o m  la te x  o f  h ig h e r  g e l c o n te n t 

h a s  a h ig h e r  te n s ile  s tre n g th  a n d  m o d u lu s  a lo n g  

w i t h  b e t t e r  d y n a m ic  p r o p e r t ie s  l i k e  h ig h e r  

e la s tic  m o d u lu s ,  lo w e r  h y s te r is is  lo ss  a n d  lo w e r  

p e rm a n e n t  se t. T h e  f lo w  c h a ra c te r is t ic s  o f  th e  

la te x  c h a n g e  a f te r  b le n d in g  R V N R L  w i t h  lo w  

p r o p o r t io n  o f  H S B L  a n d  th e  la t te r  becom es m o re  

n o n  N e w to n ia n .  T h e  te n s ile  s tre n g th  a n d  m o d u lu s  

o f  R V N R L  f i lm s  in c re a s e  s ig n i f i c a n t l y  a f t e r  

b le n d in g  R V N R L  p re p a re d  f r o m  la te x  e xp o se d  to  

s m a ll doses  o f  g a m m a  r a d ia t io n  , w i t h  10 p a r ts  o f  

h ig h  s ty re n e  c o n te n t s ty re n e  b u ta d ie n e  c o p o ly m e r  

la te x  (H S B L ).
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Carbon Black/Silica M aster Batch From Fresh Natural Rubber Latex 

Or. Rosam m a A le x , Dr. KK Sas idharan , Dr. Thom as Kurien, Dr. A ru p  Kum ar Chandra

process fo r p rodu ct ion  o f  ca rbon  black/silica m aster batches w ith  enhanced  m echan ica l 

?rties has been deve loped- The un it operations in the  process are the p repa ra tion  of fille r 

U in presence o f su itab le  su rfactant, add ition  o f the  s lu rry  to  the  fresh  natura l rubber latex 

?r stirring, coagu la tion  o f th e  m ixtu re  by the add ition  o f acid, dew ate ring  o f the  coagulum ,

____ drying to  ob ta in  f ille r  in co rpo ra ted  NR, The com petence  o f the  new  techn ique  was

lis tab lished  by com paring  the  characteris tics o f carbon b lack/silica  in co rpo ra ted  NR by m iil
I

^■mng process (contro l). The m echan ica l p ropertie s of the  vu lcan izates ob ta in ed  from  the  latex
f
• Suage and dry rubbe r Inco rpo ra ted  m ixes w ere evaluated. The e ffect o f age ing on the

'  ♦ lechan ica l p rope rtie s w as a lso stud ied . M ixed  fille r con ta in ing  m aste r batch p repared  by the 
f
‘ «ew  process show ed good cu re  characteris tics as com pared to  the  d ry  rubber in corpora ted  mix.

mechanica l p rope rtie s like  ten s ile  strength, m odulus, tear strength, abrasion  resistance and 

hardness w ere  su pe r io r fo r  th e  vu lcan izates prepared by the  new  m ethod . The heat bu ild -  up 

w tues w ere con s ide rab ly  low  fo r  the  latex fille r m aster batches. Com para tive ly  be tte r ageing 

resistance was also re co rded  by these  vu lcan izates. The silica f illed  m ixes show ed com para tive ly  

te ry  good m echan ica l p rope rt ie s  in the  absence o f any coup ling  agent. The im provem en t in 

mechanical p rope rtie s show n by the  s ilica /carbon  black m aster ba tches ove r th e  conventiona l 

m iil m ixed com pounds w as a ttr ib u ted  to  be tte r fille r d ispersion  ev idenced  from  the  resu lt of 

MIer d ispersion data.




