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Quality improvement of radiation vulcanised natural rubber latex 
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Introduction

V u lc a n is a t io n  o f  n a tu ra l ru b b e r la te x  w i th  g a m m a  ra d ia t io n  can  p ro v id e  la te x  

p ro d u c ts  fre e  f r o m  c h e m ic a l t o x ic i t y ’ a n d  c a rc in o g e n ic  n itro s a m in e s ^ . S om e  o f  the  
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 ra 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  ru 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 se n t and  n u m b e r o f  p a r tic le s  in  N R  la te x . G e n e ra lly  la te x  

co 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  an im p ro v e m e n t in  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 . In  th is  w o rk  an  a tte m p t is  m a d e  to  im p ro v e  g re en  
s tre n g th  o f  f re s h  N R  la te x  b y  e xp o su re  to  lo w  doses o f  g a m m a  ra d ia tio n  fo l lo w e d  b y  
c re a m in g  o f  la te x  to  re d u ce  th e  n o n -ru b b e r in g re d ie n ts . T h e  c re a m e d  la te x  is  th e n  
v u lc a n is e d  b y  e x p o s u re  to  g a m m a  ra d ia t io n  in  p re sen ce  o f  n -b u ty l a c ry la te  as sen s itise r.

Experimental

N a tu ra l ru b b e r la te x  ( N R L )  w a s  c o lle c te d  a n d  e x p o s e 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 ce ss  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  ag en t. T h e  c re a m e d  la te x  w a s  e xp o se d  to  a  dose  o f  15 k G y  a t a 
dose  ra te  o f  1 .26  k G y /h ,  to  p ro d u c e  ra d ia tio n  v u lc a n is e d  n a tu ra l ru b b e r la te x  
( R V N R 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 th  0 .3  p h r  p o ta s s iu m  h y d ro x id e  as 
s ta b il is 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  ra d ia tio n  
v u lc a n is a t io n . L a te x  b le n d s  w e re  p re p a re d  b y  b le n d in g  R V N R L  and  H S B L  so  as to  
ha ve  d r y  ru b b e r  c o n te n t  in  the  ra t io  % /lO y  8 0 /2 0 . T h e  p a r t ic le  s ize  d is tr ib u t io n  o f  the  
la te x  sa m p le s  w e re  d e te rm in e d  u s in g  M a lv e rn  Z e ta s iz e r N a n o  S eries  (N a n o  S ) p a r t ic le  
s iz e  a n a ly z e r.

T h e  q u a l i ty  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  pa ra m e te rs  

and  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 the  s o lv e n t and  d u ra t io n  w a s  4 8  h  a t ro o m  te m p e ra tu re . T h e  
p ro p e r tie s  o f  la te x  a n d  d ry  ru b b e r f i lm s  w e re  c a rr ie d  o u t as p e r  s ta n d a rd  tes t m e th o d s .
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Results and discussion 

Latex properties

a) Particle size distribution of latex

T h e  p a r t ic le  s iz e  d is tr ib u t io n  o f  f re s h  N R  la te x  a n d  la te x  e x p o s e d  to  s m a ll doses 

o f  r a d ia t io n  a f te r  c re a m in g  is  s h o w n  in  F ig .  1. A f te r  c re a m in g  f o r  b o th  u n ir ra 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  decrease  c o n s id e ra b ly  a n d  c o m p a ra t iv e ly  lo w e r  
s iz e d  p a r t ic le s  a re  o b ta in e d  f o r  th e  p re - ir ra d ia te d  la te x . T h e  p ro p o r t io n  o f  b ig g e r  s iz e d  
p a r tic le s  is  h ig h  in  c re a m e d  la te x  p re p a re d  f r o m  fre s h  N R  la te x . D u r in g  ir ra 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 cha ng es  ta k e  p la c e  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  b e  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 .

b) Creaming characteristics

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 rv e d  f o r  fre s h  N R  la te x  

w ith o u t  p r io r  ir r a d ia t io n  as o b s e rv e d  b y  a  h ig h e r  D R C  o f  c re a m e d  f ra c t io n .  T h e  s m a lle r  
s iz e d  p a r t ic le s  o f  la te x  in c re a s e  a f te r  ir r a d ia t io n  a n d  a f te r  c r im i n g .  A d s o rp t io n  o f  
m a c ro m o le c u le s  o f  c re a m in g  a g e n t p ro m o te s  re v e rs ib le  a g g lo m e ra tio n  o f  la te x  p a r t ic le s  

b y  re d u c in g  th e  e f fe c t iv e  d e n s ity  o f  e le c tr ic  c h a rg e  a t th e  p a r t ic le  in te r fa c e  T h e  
p a r t ic le s  th u s  c o m e  to g e th e r  a n d  c o h e re  lo o s e ly . T h e s e  a g g lo m e ra te d  p a r t ic le s  g ro w  a n d  

fo r m  c lu s te rs  o f  r u b b e r  p a r tic le s . T h e s e  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 rk  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 iz e  o f  ru b b e r  p a r t ic 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  has 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  h e n ce  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 ra d ia te d  la te x .
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F ig u re  1 : P a r t ic le  s ize  d is tr ib u tio n  o f  c ream ed la te x  prepa red  f ro m  fresh  and p re -irra d ia te d  
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Raw rubber properties

T h e  ra w  ru b b e r p ro p e r tie s  o f  ru b b e r o b ta in e d  a f te r  c re a m in g  o f  fre s h  a n d  p re -  
ir ra d ia te d  la te x  a re  g iv e n  in  T a b le  1. I t  is  o b s e rv e d  th a t  th e  n itro g e n  c o n te n t re m a in s  
a lm o s t sam e a f te r  ir ra d ia t io n .  B u t  i t  decreases a f te r  c re a m in g  fo r  b o th  ir ra d ia te d  a n d  

u n ir ra d ia te d  sam p le s . I t  is  a lso  n o te d  th a t  o n  e x p o s u re  o f  f re s h  N R  la te x  to  g a m m a  
ra d ia t io n  g e l c o n te n t in c rea ses  w i th  ir r a d ia t io n  dose. I t  is  a ls o  o b s e rv e d  th a t  s o lu t io n  

v is c o s ity  is  h ig h e r  f o r  p re - ir ra d ia te d  la te x  c o m p a re d  to  fre s h  la te x . I t  is  e x p e c te d  th a t 

th e re  c a n  be s lig h t  c ross  l in k in g  in v o lv in g  p ro te in s  le a d in g  to  g e l fo rm a t io n .  A n  
in c re a se  in  P o  ( in i t ia l  p la s t ic ity )  f o r  ir ra d ia te d  s a m p le s  c a n  be  d u e  to  fo rm a t io n  o f  g e l 
d u r in g  ir ra d ia t io n .  A  s l ig h t  c ro ss  l in k in g  b e tw e e n  ru b b e r  c h a in s  a ls o  c o n tr ib u te  to  

in c re a se  in  P o  a n d  in c re a se  in  in t r in s ic  v is c o s ity .  D u e  to  th e  c h e m ic a l cha ng es in  the  
n o n  ru b b e r  in g re d ie n ts  th e re  is  an  in c re a se  in  a c e to n e  e x tra c ta b le s . 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  ra d ia t io n , ^

Mechanical properties of blend

T h e  g u m  s tre n g th  o f  N R  in c rea ses  a f te r  p re  ir ra d ia t io n .  T h is  is  a t t r ib u te d  to  th e  

in c re a s e  in  g e l c o n te n t as s h o w n  in  T a b le  1. T h e  e n h a n c e m e n t in  g re e n  s tre 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  In  th e  case o f  

la te x , th e re  is  g e l fo rm a t io n  d u r in g  s to ra g e  a n d  is  a t t r ib u te d  to  th e  c h e m ic a l b ra n c h in g  
th a t  fo r m  a t b o th  c h a in  ends  o f  th e  ru b b e r  m o le c u le  a n d  d u e  to  th is  th e  g re e n  s tre n g th  
o f  ru b b e r  in c rea ses  d u r in g  th e  p re s e rv a tio n  o f  the  la te x  in  U ie  p re sen ce  o f  a m m o n ia .^  
T h e  m e c h a n ic a l p ro p e r tie s  a re  b e tte r  f o r  R V N R L  p re p a re d  a f te r  p re - ir ra d ia t io n .  T h e  
p re - ir ra d ia te d  R V N R L  s a m p le  s h o w s  a  h ig h e r  te n s ile  s tre n g th , m o d u lu s  a n d  g o o d  
e lo n g a t io n . O n  b le n d in g  R V N R L  w i th  H S B L  (9 0 /1 0  b a sed  o n  d r y  ru 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  s ig n if ic a n t ly  (T a b le  3 ). 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 ro 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  2 0  %  , the  

m o d u lu s  in c re a s e d  s h a rp ly  and  th e  v u lc a n iz a te s  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  due  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  
c o p o ly m e r .

T a b le  1 : R a w  ru b b e r p ro pe rties

P a ra m e te r C o n t r o l  ( u n - ir r a d ia te d ) S a m p le  ( p r e - ir r a d ia te d )

B e fo re
c rea m ing ^

A f te r
c re a m in g

B e fo re
c re a m in g

A f te r
c re a m in g

N itro g e n  co n te n t,% 0.50 0 .4 6 0 .49 0 .24

A c e to n e  ex trac ta b le s ,% 3.53 4.25 3.42 4 .19
In it ia l  P la s tic ity  (Po) 30 - 33 -

G e l con ten t,% 2 - 36 -

In t r in s ic  v is c o s ity  o f  the  
ru b b e r s o lu tio n

2.67 4.67
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T a b le  2 : M e c h a n ic a l p ro pe rties  o f  R V N R L
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P ro p e r t ie s C o n t r o l
(C re a m e d  P F L )

S a m p le  
( p r e - ir r a d ia te d  
C re a m e d  P F L )

G u m  s treng th , M P a 1.54 3.0
M o d u lu s  3 0 0 % , M P a 0.85 1.1
M o d u lu s  5 0 0 % , M P a 1.14 1.6
T e n s ile  s treng th , M P a 22 .0 25 .32
E lo n g a t io n  a t b re a k ,% 1379 1283
S o lv e n t s w e llin g , %  (a fte r  2 4  hou rs) 230 170
T e n s io n  set a fte r  1 h o u r  a t 300  %  
e lo n g a tio n

10 6

S u m m a r y

T h e  g re e n  s tre n g th  o f  N R  la te x  in c rea se  a f te r  e x p o s in g  fre s h  la te x  to  lo w  doses 
o f  g a m m a  ra d ia t io n  a n d  is  a t t r ib u te d  to  g e l fo rm 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 has 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 th  b e tte r  d y n a m ic  
p ro p e r t ie s . 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 if ic a n t ly  
a f te 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 x p o s e d  to  s m a ll doses o f  g a m m a  ra d ia tio n  
,w ith  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 ) .

T a b le  3  : M e c h a n ic a l p ro p e rtie s  o f  the  b le n d

P a ra m e te r C o n t r o l  R V N R L /H S B L S a m p le  R V N R L /H S B L
(b a s e d  o n  d r c *  ) (ba sed  o n  d r c )

90/10 80/20 90/10 80/20
M o d u lu s  3 0 0 % , M P a 1.83 2 .5 64 2.08 3.25
M o d u lu s  5 0 0 % , M P a 3,64 5.02 4 .24 6.51
M o d u lu s  7 0 0 % , ,M P a 8.18 9 .7 2 9 .1 4 12.45
T e n s ile  s treng th , M P a 18.18 12.89 25.51 16.62
E lo n g a tio n  a t b re a k , % 910 805 1055 800

* d r y  ru b b e r  c o n te n t 
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