
CHAPTER I

INTRODUCTION

1. 1  G en er al  c o n s i d e r a t i o n

Hevea b r a s i  1 i e n s i s  o r  para  ru bbe r  i s  on e  o f  t h e  i m p o r t a n t  

e c o n o m i c  p l a n t s  o f  T h a i l a n d .  In 1990 T h a i l a n d  p ro d u ced  1 , 2 4 9 , 9 2 1  t o n s  

o f  n a t u r a l  rubbe r  (NR),  o f  wh ich  o n l y  9 9 , 1 3 1  t o n  w er e  u se d  by t h e  l o c a l  

ru b b e r  i n d u s t r y  and t h e  r e s t  were  e x p o r t e d  (Rubber  R e s e a r c h  I n s t i t u t e ,  

T h a i l a n d  1 9 9 1 ) .

I t  i s  s t i l l  c o n s i d e r e d  t o  be u n s a t i s f a c t o r y  i n  t e r m s  o f  e c o n o m ic  

v a l u e  added r e t u r n s  o f  n a t i o n a l  p r o d u c t ,  b e c a u s e  m o s t  o f  t h e  e x p o r t e d  

s o l i d  ru b ber  p r o d u c t s  a r e  r i b b e d  smoked s h e e t  (R S S ) .  The d i s a d v a n t a g e  

o f  RSS compared t o  o t h e r  rubbe r  i s  i t s  l o w - p r i c e  due t o  c o n t a m i n a t i o n  

and d i s c o l o r a t i o n , s o  t h a t  t h e  p r i c e  o f  ru b b e r  a r e  u s u a l l y  s o l d  a t  t h e  

c h e a p e s t  g r a d e .  The s p e c i f i c a t i o n  f o r  t h e  b e s t  q u a l i t y  RSS i s  l i g h t  and 

u n i f o r m  c o l o r .

In some h i g h  g r a d e  ru bbe r  i n d u s t r i e s  s u c h  a s  f o o t w e a r  i n d u s t r y ,  

on e m a j o r  problem i s  t h e  dark  and v a r i a b l e  c o l o r  o f  t h e  raw ru bbe r  

i n p u t .  C u r r e n t l y  t h i s  pro b lem i s  s o l v e d  by m i n i m i z i n g  t h e  c o m p o s i t i o n  

o f  NR, and r e p l a c i n g  NR a s  much a s  p o s s i b l e  w i t h  s y n t h e t i c  ru b b e r  su ch  

a s  SBR 1 5 0 2 ,  SBR 1205 and BR 01 wh ich  have  c o n s i s t e n t  l i g h t  c o l o r  and 

o t h e r  p h y s i c a l  p r o p e r t i e s .  At  p r e s e n t  t h e  m a n u f a c t u r e s  g a i n  b e n e f i t
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T a b l e  1 . 1  T o t a l  p r o d u c t i o n  o f  T h a i l a n d ’ s  ru b b e r  in  1990 (Rubber  

R e s e a r c h  I n s t i t u t e ,  1991)

Type o f T o ta l D o m e s t i c E x p o r t s Pri ce *
r u b b e r p r o d u c t i o n  ' c o n s u m p t i o n

(Tons) ( T on s ) ( T o n s ) ( B a h t / k g )

RSS1 9 6 5 , 6 0 8 2 7 , 6 3 4 9 3 7 , 9 7 4 2 1 . 3 0  I

TTR2 1 6 1 , 5 8 4 3 1 , 2 7 5 1 3 0 , 3 0 9 2 2 . 1 7

Brown c r e p e 2 4 , 5 5 3 1 0 , 3 3 3 1 4 , 2 2 0 2 5 . 9 0

Cone,  l a t e x 65 ,0 1 1 18 ,8 5 1 4 6 , 1 6 0 1 4 .5 0

ADS3 1 9 ,4 9 5 5 , 1 4 4 1 4 , 3 9 5 I

O t h e r 1 3 ,6 2 6 5 , 8 9 4 7 , 7 3 2 -

T o t a l 1 , 2 4 9 , 9 2 1 9 9 , 1 3 1 1 , 1 5 0 , 7 9 0 1

w h er e 1. RSS = Ribbed smoked s h e e t
2 .  TTR - Thai t r a d e  rubbe r
3 .  ADS = A i r  d r i e d  s h e e t
* S o u r c e  ะ Bangkok Rubber Company, Ltd.  ( 1 9 9 1 - 1 9 9 2 )
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b e c a u s e  s y n t h e t i c  r u b b e r s  im port ed  a s  raw m a t e r i a l s  f o r  e x p o r t i n g  

p r o d u c t s  a r e  t a x  r e f u n d e d ,  b u t  t h i s  i s  n o t  a good l o n g  term ec on o m ic  

s o l u t i o n ,  e s p e c i a l l y  f o r  t h e  Thai ru b be r  p l a n t e r s .  S o ,  i f  we c o u l d  

s p e c i f y  o u r  raw ru b ber  p r o d u c t s  a c c o r d i n g  t o  t h e i r  c o l o r ,  and be a b l e  

t o  a c h i e v e  t h i s  q u a l i t y  c o n s i s t e n t l y ,  t h e  m a n u f a c t u r e r s  w i l l  consume  

more NR. In t e r m s  o f  raw rubbe r  e x p o r t s ,  o u r  t e c h n i c a l l y  s p e c i f i e d  NR 

would  be more v a l u e  a d d e d ,  and comp ete  b e t t e r  in  t h e  world  m ar k et  f o r  

w i d e r  r a n g e  o f  ru b be r  b a s e d  i n d u s t r i e s  b e s i d e s  t y r e s  s u c h  a s  f o u n d a t i o n  

ga rm en t  and f o o t w e a r .

One o f  t h e  c o n s i d e r a t i o n  in  l i g h t  ru b b e r  p r o d u c t  i s  t h e  c l o n e  

o f  n a t u r a l  ru bbe r  l a t e x  b e c a u s e  each  c l o n e  may c o n t a i n  d i f f e r e n t  amount  

o f  n o n - r u b b e r  s u b s t a n c e s  w h ich  a re  i n v o l v e d  in  t h e  d a r k e n i n g  o f  s o l i d  

r u b b e r .  C a r o t e n o i d  p i g m e n t s  a r e  m o s t l y  c l a i m e d  a s  d i s c o l o r a t i n g  f a c t o r  

in  p r e v i o u s  r e p o r t s  ( N a d a r a j a h  and K a r u n a r a t n e ,  1 9 7 1 ) ,  however  t h e r e  i s  

no e x p e r i m e n t a l  work w h i c h  c a r r i e d  o u t  on t h e  d i s c o l o r a t i o n  o f  l a t e x ,  

compound r u b b e r ,  u n t i l  t h e  f i n a l  form w h i c h  i s  ru bbe r  v u l c a n i z a t e ,  

e s p e c i a l l y  s t a r t i n g  w i t h  t h e  rubber  l a t e x  c l o n e s  wh ich  w er e  grown 

d o m i n a n t l y  in  T h a i l a n d .

1 . 2  Rubber c l o n e s  recommended f o r  p l a n t e r s  i n  T h a i l a n d

C l o n e  o f  NR i s  on e  o f  t h e  im p o r t a n t  f a c t o r  in  im p r o v in g  t h e  

q u a l i t y  o f  r u b b e r .  G e n e r a l l y ,  rubbe r  c l o n e s  recommended f o r  p l a n t e r s  

in  T h a i l a n d  have  been c h a n g i n g  e v e r y  4 y e a r  d e p e n d i n g  on e n v i r o n m e n t  and 

c l o n a l  c h a r a c t e r i s t i c s  s u c h  a s  volume and d i s t r i b u t i o n  o f  r a i n ,  wind  

p o w e r ,  y i e l d  o f  l a t e x  and d i s e a s e  r e s i s t a n c e ,  h o w e v e r  t h e  new c l o n e s  

recommended a r e  a l w a y s  t h e  same a s  t h e  o l d  c l o n e s
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Rubber c l o n e s  recommended in  T h a i l a n d  were  d i v i d e d  i n t o  2 

c l a s s e s  ะ t h e  f i r s t  c l a s s  ru b ber  a r e  c l o n e  ะ RRIM 6 0 0 ,  GT 1, PB 255  

and PB 2 6 1 ,  t h e  s e c o n d  c l a s s  ru b ber  a r e  c l o n e  ะ PB 2 3 5 ,  PB 2 6 0 ,  PB 2 1 7 ,  

PB 2 8 / 5 9  and RRIM 623,

1 . 3  C o m p o s i t i o n  o f  n a t u r a l  ru b ber  l a t e x

Hevea b r a s i 1 i e n s i s  l a t e x  i s  a c y t o p l a s m i c  s y s t e m  c o n t a i n i n g  

ru b b e r  and n o n - r u b b e r  p a r t i c l e s  d i s p e r s e d  in  an aq u eo u s  serum p h a s e  

(HO e t  a l . ,  1 9 7 5 ) .  Fresh  l a t e x ,  a f t e r  t a p p i n g  from t h e  t r e e ,  may be 

d i v i d e  i n t o  f o u r  main f r a c t i o n s  by u l t r a c e n t r i f u g a t i o n  a t  5 9 , 0 0 0  X g ; 
t h e s e  a r e  a w h i t e  rubber  f r a c t i o n ,  a y e l l o w i s h - o r a n g e  l a y e r  c o n t a i n i n g  

t h e  F r e y - W y s s l i n g  p a r t i c l e s ,  a c - s e r u m  f r a c t i o n  and a g r a y i s h - y e l l o w  

g e l a t i n o u s  bot tom f r a c t i o n  (B f r a c t i o n )  c o n t a i n i n g  l u t o i d s ,  a s  shown in  

F i g u r e  1 . 1  (Cook and S e h a r ,  1953 ; M oir ,  1 9 5 9 ) .

rubber

Frey-W yssling
serum

lu to ids

F i g u r e  1 . 1  F r a c t i o n a t i o n  o f  f r e s h  Hevea l a t e x  a f t e r  u l t r a c e n t r i f u g a t i o n
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The rubbe r  h y d r o c a r b o n  c o n s t i t u t e s  a b o u t  30-45% o f  t h e  wh o le  

l a t e x  w h i l e  t h e  n o n - r u b b e r  s u b s t a n c e s  a c c o u n t  f o r  3-5%, t h e  r e s t  b e i n g  

w a t e r .  The rubbe r  p a r t i c l e s  in  f r e s h  l a t e x  a r e  p r o t e c t e d  by a co mple x  

f i l m  c o n t a i n i n g  p r o t e i n s  and l i p i d s .  The n o n - r u b b e r  s u b s t a n c e s  c o n s i s t  

o f  p r o t e i n s ,  amino a c i d s ,  c a r b o h y d r a t e s ,  l i p i d s ,  a m i n e s ,  i n o r g a n i c  

c o n s t i t u e n t s ,  n u c l e i c  a c i d  and n u c l e o t i d e s .  Many o f  t h e s e  s u b s t a n c e s  

a r e  d i s s o l v e d  in  t h e  c - s e r u m ,  w h i l e  o t h e r s  a r e  a s s o c i a t e d  w i t h  t h e  

ru b b e r  o r  n o n - r u b b e r  p a r t i c l e s  in  B f r a c t i o n  ( A r c h e r  e t  a l . ,  1 9 6 3 ) .  

D u r in g  t h e  c o a g u l a t i o n  o f  r u b b e r ,  some o f  t h e s e  s u b s t a n c e s  a r e  l o s t  in  

t h e  a q u e o u s  serum,  but  many o f  them,  e s p e c i a l l y  t h e  w a t e r  i n s o l u b l e  

l i p i d s  and t h e  p r e c i p i t a t e d  p r o t e i n s  a r e  r e t a i n e d  in t h e  rubbe r  p h a s e .  

Some o f  t h e  r e t a i n e d  n o n - r u b b e r  s u b s t a n c e s  s i g n i f i c a n t l y  i n f l u e n c e  t h e  

p r o p e r t i e s  o f  rubber  b o t h  in  t h e  raw and t h e  v u l c a n i z e d  s t a t e .  T h e i r

Among s e v e r a l  f a c t o r s  c a u s i n g  d i s c o l o r a t i o n  o f  l a t e x  and o f  

r u b b e r ,  o n e  e n z y m a t i c  f a c t o r  i s  p o l y p h e n o l  o x i d a s e  (PPO) wh ich  i s  a 

c o p p e r - p r o t e i n ,  and has  been  known by v a r i o u s  names ,  s u c h  a s  p h e n o l a s e ,  

3 - h y d r o x y t y r o s i n e  o x i d a s e ,  c a t e c h o l  o x i d a s e  and t y r o s i n a s e ,  b e c a u s e  t h i s  

enzyme o x i d i z e s  a v a r i e t y  o f  p h e n o l i c  s u b s t r a t e s  ( R o b e r t s ,  1 9 7 1 ) .  PPO 

i s  r e s p o n s i b l e  f o r  t h e  d i s c o l o r a t i o n  o f  p l a n t  t i s s u e s  f o l l o w i n g  

m e c h a n i c a l  damage.  PPO i s  f r e q u e n t l y  m e n t i o n e d  i n  l i t e r a t u r e  a s  p r e s e n t  

in  Hevea  l a t e x .  De Haan-Homans ( 1 9 4 9 )  h a s  shown t h a t  l a t e x  c o n t a i n s  a 

c o m p l i c a t e d  s y s t e m  o f  o x i d i z i n g  e n z y m e s ,  n am el y  c a t a l a s e ,  t y r o s i n a s e ,  

p e r o x i d a s e  and a t  l e a s t  on e  o t h e r  o x i d a s e .  T h e s e  enzy mes  c a t a l y z e  t h e  

o x i d a t i o n  o f  p h e n o l s  and a m i n o p h e n o l s  by a t m o s p h e r i c  o x y g e n  t o
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o r t h o d i h y d r o x y  p h e n o l s  and t h e n  t o  o r t h o q u i n o n e s ,  wh ich  r e a c t  w i t h  

n a t u r a l l y  o c c u r r i n g  amino a c i d s  and p r o t e i n s  p r e s e n t  in  l a t e x  t o  g i v e  

c o l o r  p r o d u c t s  ( B o r g s t r o m ,  1968;  Nad ara ja h  and K a r u n a r a t n e ,  1 9 7 1 ) .  H s ia  

( 1 9 5 8 )  h as  r e p o r t e d  t h e  p r e s e n c e  o f  PPO in  t h e  l u t o i d  f r a c t i o n  o f  f r e s h  

f i e l d  l a t e x  ac co m p an ie d  by n a t u r a l  s u b s t r a t e s .  The method o f  enzyme  

i s o l a t i o n  i s  b a se d  on t h e  e v i d e n c e  t h a t  in  Hevea l a t e x ,  PPO i s  l o c a l i z e d  

in  l u t o i d  p a r t i c l e s .  By m i x i n g  t h e  l a t e x  w i t h  T r i s - M a n i t o l  b u f f e r ,  t h e  

l u t o i d s  a r e  k e p t  i n t a c t .  A brow nin g d i s c o l o r a t i o n  i s  shown d u r i n g  and 

i m m e d i a t e l y  f o l l o w i n g  t h e  l i b e r a t i o n  o f  t h e  b o t to m  l u t o i d s  f r a c t i o n  

i n d i c a t i n g  t h e  p r e s e n c e  o f  PPO ( K a r u n a r a t n e ,  1 9 7 0 ) .  A d d i t i o n  o f  0.1% 

T r i t o n  X-1 00 a t  t h e  b e g i n n i n g  o f  i s o l a t i o n  has  been s u g g e s t e d  by R o b e r t s  

( 1 9 7 1 )  t o  i n c r e a s e  t h e  PPO a c t i v i t y .

1 . 4 . 2  P o l y p h e n o l
Q u a n t i t a t i o n  o f  p o l y p h e n o l s  p r e s e n t  in  t h e  bot tom f r a c t i o n  

o f  l a t e x  in  v a r i o u s  rubbe r  c l o n e s  h as  been  p e r f o r m e d  by u s i n g  t h e  

c o l o r i m e t r i c  method ( N a d a ra j a h  and K a r u n a r a t n e ,  1 9 7 1 ) .  T h e i r  r e s u l t s  

i n d i c a t e d  t h a t  t h e  amount o f  n a t u r a l  p o l y p h e n o l s  v a r y  c o n s i d e r a b l y  from 

c l o n e  t o  c l o n e .  Thus t h e  l a t e x  o f  c l o n e  RRIC 7 i s  v e r y  pron e  t o  

e n z y m a t i c  d i s c o l o r a t i o n  and has  been found  t o  h av e  a v e r y  h i g h  p h e n o l i c  

c o n t e n t .  However ,  on t h e  w h o l e ,  t h e r e  i s  no c l e a r  r e l a t i o n s h i p  bet w ee n  

p h e n o l i c  c o n t e n t  and e n z y m a t i c  d i s c o l o r a t i o n .  F u r t h e r m o r e ,  t h e y  have  

r o u g h l y  m easu red  t h e  amount o f  d i s c o l o r a t i o n  p r o d u c e d  a f t e r  a d d in g  

e x c e s s  amount o f  p h e n o l s  ( 0 . 1 % v / w ) ,  s u c h  a s ;  c a t e c h o l ,  r e s o r c i n o l  and 

p y r o g a l l o l  t o  t h e  v a r i o u s  c l o n e s  o f  l a t e x  w h i c h  do n o t  g i v e  a d i s c o l o r e d  

coa gu lu m  o r  o n l y  a s l i g h t l y  d i s c o l o r e d  coa gu lu m  o b t a i n e d  a f t e r  f o r m i c  

a c i d  c o a g u l a t i o n .
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1 . 5  N o n - e n z y m a t i c  d i s c o l o r a t i o n

N a d a ra ja h  and K a r u n a r a tn e  ( 1 9 7 1 )  h av e  s u g g e s t e d  t h a t  

d i s c o l o r a t i o n  o f  l a t e x  o c c u r s  e v e n  i f  t h e  PPO had been  d e s t r o y e d  which  

i n d i c a t e d  f o r  o t h e r  mec han isms  i n  t h e  d i s c o l o r a t i o n  o f  l a t e x .  The main  

pathway  t o  n o n - e n z y m a t i c  bro w ning seem s  t o  b e g i n  w i t h  t h e  r e a c t i o n  

b e t w e e n  c a r b o n y l  and amino g r o u p s  t o  g i v e  an u n s a t u r a t e d  c a r b o n y l  amino  

d e r i v a t i v e .  Most n a t u r a l  s u b s t a n c e s  c o n t a i n  p h e n o l i c  compounds and some 

p o l y p h e n o l s  e n t e r  i n t o  r e a c t i o n  l e a d i n g  t o  d i s c o l o r a t i o n ,  and i t  i s  

c l a i m e d  i n t o  m e l a n i n  f o r m a t i o n .  R i n d e r k n e c h t  and Jurd ( 1 9 5 8 )  have  

r e p o r t e d  t h a t  p o l y p h e n o l s  can comb ine  w i t h  amino a c i d s  in  aq u eo us  

s o l u t i o n  a t  low t e m p e r a t u r e  t o  g i v e  a y e l l o w  c o l o r .  The c o l o r  was 

o b t a i n e d  on h e a t i n g  p h l o r o g l u c i n o l  w i t h  g l y c i n e .  The y e l l o w  c o l o r  o f  

r u b b e r  can be p o s s i b l y  formed by s i m i l a r  r e a c t i o n .  An i n c r e a s e  in  t h e  

pH o f  t h e  s o l u t i o n  o r  h i g h e r  a l k a l i n i t y  r e s u l t e d  in  an enormous i n c r e a s e  

in  t h e  b r ow n in g  ( B u r t o n ,  McWeeny and B i l t c l i f f e ,  1 9 62 )  form ed  by 

c a r b o n y l  amino r e a c t i o n s .  I t  i s  a l s o  known t h a t  a l k a l i n e  t r e a t m e n t  

c a u s e  r a p i d  a u t o x i d a t i o n  o f  p o l y p h e n o l s  t o  g i v e  dark c o l o r e d  p o l y m e r s .

1 . 6  E f f e c t  o f  some l i p i d s  on d i s c o l o r a t i o n

T h e r e  a r e  f a c t o r s  o t h e r  t h a n  o x i d a s e  and p h e n o l i c  c o n t e n t  o f  

l a t t i c e s  w h i c h  have  a b e a r i n g  on d i s c o l o r a t i o n .  The n a t u r a l  l a t e x  

l i p i d s  a r e  m o s t l y  c o n c e n t r a t e d  in  t h e  rubbe r  p h a s e  w i t h  s m a l l e r  q u a n t i t y  

in  t h e  b o t to m  f r a c t i o n  and t h e  F r e y - W y s s l i n g  p a r t i c l e s .  Ho e t  a l .  

( 1 9 7 5 )  h a v e  shown t h a t  t h e r e  a r e  t h i r t e e n  s p o t s  on t h i n  l a y e r  

c h r o m a t o g r a p h y  p l a t e  o f  n e u t r a l  l i p i d s  o f  NR, two o f  w h i c h  a r e  

c a r o t e n o i d  p i g m e n t s  and t o c o t r i e n o l s .
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1 . 6 . 1  C a r o t e n o i d  p ig m e n t s

The c r y s t a l ! i n e  y e l l o w  p ig m e n t  c a r o t e n o i d  was f i r s t  i s o l a t e d  

in  1831 by Wackenvoder .  C a r o t e n o i d  p i g m e n t s  a r e  compounds b a s i c a l l y  

c o n s i s t i n g  o f  e i g h t  i s o p r e n o i d  u n i t s .  The c o l o r  o f  t h e  F r e y - W y s s l i n g  

p a r t i c l e s  o f  ru b ber  l a t e x  i s  due t o  t h e  p r e s e n c e  o f  c a r o t e n o i d  p ig m e n t s  

w h ich  i s  t h e  c a u s e  o f  y e l l o w  c o l o r  o f  some l a t t i c e s  ( N ad a rajah  and 

K a r u n a r a t n e ,  1 9 7 1 ) ,  A s c h e r  e t  a l . ,  ( 1 9 6 3 )  have  s u g g e s t e d  t h a t
c a r o t e n o i d  p i g m e n t s  can  be found i n  t h e  b o t to m  f r a c t i o n  from 

u l t r a c e n t r i f u g e d  l a t e x  and a l s o  ap p ea red  a s  a y e l l o w  l a y e r  i m m e d i a t e l y  

b e lo w  t h e  rubbe r  crea m.  The y e l l o w  c o l o r  o f  l a t e x  i s  a c l o n a l  

c h a r a c t e r i s t i c  d e p e n d i n g  on t h e  amount o f  c a r o t e n o i d  p ig m e n t s  e x i s t e d  

in  t h e  l a t e x .

1 . 6 . 2  T o c o t r i e n o l
T o c o t r i e n o l s  a r e  c u r r e n t l y  a v e r y  i m p o r t a n t  n a t u r a l  

a n t i o x i d a n t  in  t h e  f o o d  i n d u s t r y  and c o s m e t o l o g y .  I t s  a n t i o x i d a n t  

a c t i v i t y  h a s  been shown i n  NR by s e v e r a l  i n v e s t i g a t o r s .  T o c o t r i e n o l s  

p l a y e d  an i m p o r t a n t  r o l e  in  t h e  o x i d i s a b i 1 i t y  o f  raw and v u l c a n i z e d  

ru b b e r  a s s e s s e d  by t h e  p l a s t i c i t y  r e t e n t i o n  i n d e x  ( P R I ) ;  a m ea su re  o f  

t h e  e x t e n t  o f  d e f o r m a t i o n  o f  rubbe r  t o  t h e r m a l  o x i d a t i v e  d e g r a d a t i o n ,  

and by r e t e n t i o n  o f  t e n s i l e  s t r e n g t h ;  a m e a s u r e  o f  t h e  s t r e s s  and s t r a i n  

p r o p e r t y  in  t e n s i o n  u n d er  s p e c i f i e d  c o n d i t i o n  ( N a d a r a j a h  e t  a l . ,  1972;  

Mo rim oto ,  1985;  Hasma and othman ,  1 9 9 0 ) .  In a d d i t i o n  t o  t h e s e  e f f e c t ,  

t o c o t r i e n o l s  car} r e t a r d  t h e  e n z y m a t i c  d i s c o l o r a t i o n  by c o m p e t in g  w i t h  

p o l y p h e n o l  s u b s t a n c e s  t o  r e a c t  w i t h  o x y g e n ,  t h u s  g i v i n g  an e n d - p r o d u c t  

w h i c h  h a v e  no e f f e c t  on c o l o r  o f  NR. Hasma ( 1 9 8 4 )  h as  shown t h a t  a b o ut  

3% o f  n e u t r a l  l i p i d s  a r e  t o c o t r i e n o l s  in  f r e s h  l a t e x  c l o n e  RRIM 50 1 .  
Dunphy e t  a l .  ( 1 9 6 5 )  and W h i t t e  e t  a l .  ( 1 9 6 6 )  r e p o r t e d  a s u r p r i s i n g l y  

l a r g e  amount  o f  f r e e  and e s t e r i f i e d  < * - 1 y -  and ธ- t o c o t r i e n o l s  t o g e t h e r
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w i t h  a much s m a l l e r  amount o f  « - t o c o p h e r o l  in  ammonia p r e s e r v e d  l a t e x  

c o n c e n t r a t e .  The Y ~ t o c o t r i e n o l  i s  p r e d o m in a n t  o v e r oc- and 5 - t o c o t r i e n o l  

b o t h  in  t h e  f r e e  and e s t e r i f i e d  form.

1 . 7  S t r u c t u r e  o f  n a t u r a l  ru b ber  and i t s  v u l c a n i z a t e

S o l i d  raw ru b b e r  i s  n o r m a l l y  o b t a i n e d  by c o a g u l a t i n g  t h e  l a t e x  

w i t h  a c i d  f o l l o w e d  by w a s h in g  and d r y i n g .  I t  c o n t a i n s  a h i g h  p r o p o r t i o n  

o f  ru b ber  h y d r o c a r b o n ,  mixed w i t h  some n o n - r u b b e r  c o n s t i t u e n t s ,

1 . 7 . 1  M o l e c u l a r  s t r u c t u r e  o f  n a t u r a l  ru bbe r
N a tu r a l  ru b b e r  i s  a p o lym er  o f  v e r y  h i g h  m o l e c u l a r  w e i g h t  

(MW) and w i d e  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  (MWD). The m o l e c u l a r  w e i g h t  

d i s t r i b u t i o n  o f  NR in  f r e s h l y  t a p p e d  l a t t i c e s  o f  d i f f e r e n t  c l o n e s  has  

been e x t e n s i v e l y  s t u d i e d  by Subramanium ( 1 9 8 0 ) .  By g e l  p e r m e a t i o n  

c h r o m a t o g r a p h y  (GPC), b imodal  d i s t r i b u t i o n  o f  10*-10? D a l t o n  h av e  been  

o b s e r v e d  in  s e v e r a l  c l o n a l  r u b b e r s  wh ich  can be c l a s s i f i e d  r o u g h l y  i n t o  

3 t y p e s  a s  shown in  F i g u r e  1 . 2 .  A l t h o u g h  t h e  s h a p e  o f  t h e  d i s t r i b u t i o n  

c u r v e s  a r e  d i f f e r e n t ,  t h e  ra nge o f  m o l e c u l a r  w e i g h t  (MW) i s  

a p p r o x i m a t e l y  t h e  same in  ru b ber  from a l l  c l o n e s ,  u s u a l l y  from a b o u t  

3x10* t o  107. The h i g h l y  m o l e c u l a r  w e i g h t  peak a p p e a r s  b e t w e e n  1X1o 6 and 

2.5x10® f o r  d i f f e r e n t  r u b b e r s .  The p o s i t i o n  o f  t h e  low m o l e c u l a r  w e i g h t  

peak a p p e a r s  b e tw e e n  1x10® and 2x10® f o r  a l l  c l o n e s  s t u d i e d  ( N a i r ,  1 9 7 0 ) .  

The c h a r a c t e r i s t i c  t y p e  o f  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  (MWD) shown by 

e a c h  c l o n a l  ru b ber  i s  shown in  T a b l e  1 . 2 .
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M o l e c u l a r  w e i g h t

F i g u r e  1 . 2  Type s  o f  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  c u r v e s  o f  

n a t u r a l  rubbe r  (Subramamium, 1 9 8 0 )
•  Type 1. ( . . . . )  D i s t i n c t l y  b im oda l  d i s t r i b u t i o n  w h er e  t h e  

p ea k  h e i g h t  in  t h e  low m o l e c u l a r  w i g h t  r e g i o n  i s  n e a r l y  e q u a l  o r  

s l i g h t l y  l e s s  t h e n  t h e  peak h e i g h t  a t  t h e  h i g h  m o l e c u l a r  w e i g h t  r e g i o n .
•  Type 2 .  c------- ) D i s t i n c t l y  b im o da l  d i s t r i b u t i o n  w h er e  t h e

h e i g h t  o f  t h e  low m o l e c u l a r  w e i g h t  peak i s  o n l y  h a l f  o r  l e s s  t h a n  t h e  

h e i g h t  o f  t h e  h i g h  m o l e c u l a r  w e i g h t  p ea k .
•  Type 3 .  ( _______) Skewed u n im od a l  d i s t r i b u t i o n  w i t h  a

“s h o u l d e r "  o r  a " p l a t e a u "  in  t h e  low m o l e c u l a r  w e i g h t  r e g i o n .
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T a b l e  1 . 2  Ty pes  o f  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  and f r a c t i o n  o f
low m o l e c u l a r  w e i g h t  in  c l o n a l  r u b b e r s  (Subramanium,  1980)

Clon e Usual  t y p e  o f  MWD c u r v e
»

W eig h t  f r a c t i o n  below  

m o l e c u l a r  w e i g h t  5 x 1 0 5 (%)

T j i r  1
I

3 2 0  ;

PB 5 / 5 1 3 1

PB 2 8 / 5 9 3 18

PB 5 / 6 3 3 2 1

RRIM 628 2 24

RRIM 701 2 30

RRIM 623 2 23

RRIM 600 2 33

GT 1 2 30

PR 251 2 34 I

RRIM 605 1 o r  2 36 !

RRIM 703 1 o r  2 39

RRIM 501 1  o r  2 40
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The s t r u c t u r e  o f  t h e s e  h i g h  m o l e c u l a r  w e i g h t  p o l y m e r s  have  

been  s t u d i e d  by many s c i e n t i s t s .  The p o lym er  c o n s i s t s  o f  i s o p r e n o i d  a s  

t h e  monomer u n i t  ( F i g u r e  1 . 3 ) .  U s i n g  NMR s p e c t r a ,  Golub e t  a l . ( 1 9 6 2 )  

showed t h a t  t h e  1,  4 -  p o l y i s o p r e n o i d  u n i t  o f  NR e x i s t s  a t  l e a s t  99% 

in  c i s  1, 4 - c o n f i g u r a t i o n .  By ,3C -NMR s p e c t r a ,  t h e  number o f  t r a n s  p er  

p o l y m e r  c h a i n  u n i t s  i s  r o u g h l y  e s t i m a t e d  t o  be 2 . 0 - 3 . 9  f o r  v a r i o u s  Hevea  

ru b b e r  s a m p l e s  by c a l c u l a t i n g  o f  r e l a t i v e  i n t e n s i t y  o f  t h e  t r a n s  s i g n a l s  

combined  w i t h  t h e  d e g r e e  o f  p o l y m e r i z a t i o n  a s  d e t e r m i n e d  by GPC (Tanaka,  
1 9 8 9 ) .  T h e s e  f i n d i n g  s u g g e s t  t h a t  Hevea ru b ber  h a s  t h e  fu n d am en ta l  

s t r u c t u r e  a s  shown in  F i g u r e  1 . 4 ,  however  t h e  s t r u c t u r e  o f  b o th  t e r m i n a l  

u n i t s  has  y e t  t o  be i d e n t i f i e d .

C ( 5 )

- C ( 1 ) - C ( 2 ) = C ( 3 ) - C ( 4 ) -

F i g u r e  1 . 3  s t r u c t u r e  o f  i s o p r e n e  u n i t  (Tanaka ,  1 9 89 )

HjC HjÇ H

(  terminal ) ------ ( C H 2C = C C H j) 3------- (CHj C = C C H j ) „ -------(or-terminal )

i  .
F i g u r e  1 . 4  s t r u c t u r e !  o f  n a t u r a l  ru b ber  ( Tan ak a ,  1 9 8 9 )
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The raw ru b b e r  i s  s e n s i t i v e  t o  h o t  and c o l d  w e a t h e r  1 and 

i s  l i a b l e  t o  o x i d a t i o n  t o  a s t i c k y  p r o d u c t .  T h e s e  f a c t o r s  im p o se  a 

s e v e r e  l i m i t a t i o n  on t h e  u s e f u l n e s s  o f  t h i s  m a t e r i a l .  Today m ost  o f  NR 

i s  u s e d  in  v u l c a n i z e d  form wh ich  h as  b e t t e r  p h y s i c a l  p r o p e r t i e s  o v e r  a 

w i d e r  t e m p e r a t u r e  ra n g e .

1 . 7 . 2  V u l c a n i z a t i o n
V u l c a n i z a t i o n  i s  a p r o c e s s  o f  c r o s s l i n k i n g  t h e  e s s e n t i a l  

l i n e a r  ru b b e r  c h a i n s  i n t o  a t h r e e - d i m e n s i o n  n e t w o r k .  V u l c a n i z a t i o n  can  

be r o u g h l y  c l a s s i f i e d  i n t o  2  t y p e s  ะ s u l f u r  v u l c a n i z a t i o n  and n o n - s u l f u r  

v u l c a n i z a t i o n .

1 . 7 . 2 . 1  S u l f u r  v u l c a n i z a t i o n

S u l f u r  i s  one  o f  t h e  m os t  common v u l c a n i z i n g  a g e n t  

o f  m a j o r  i n d u s t r i a l  i m p o r t a n c e  a l t h o u g h  many n o n - s u l f u r  r e a g e n t s  a r e  

known. The c o n t i n u e d  p o p u l a r i t y  o f  s u l f u r  can be a t t r i b u t e d  t o  s e v e r a l  

r e a s o n s  ะ low c o s t ,  c a s e  o f  a v a i l a b i l i t y ,  f a s t  v u l c a n i z a t i o n ,  minima l  

i n t e r f e r e n c e  w i t h  o t h e r  compounding i n g r e d i e n t s ,  and an e x c e l l e n t  

b a l a n c e  o f  v u l c a n i z a t e  p r o p e r t i e s  ( C r o w t h e r ,  l e w i s  and M c t h e r e l 1 ,  1 9 8 8 ) .  

U s u a l l y  s u l f u r  a l o n e  o r  u n a c c e l e r a t e d  s u l f u r  v u l c a n i z a t i o n  s y s t e m ,  i s  

s e l d o m  u s e d  a s  i t  r e q u i r e s  a v e r y  l o n g  c u r e  t i m e .  The m os t  common 

method o f  c r o s s l i n k i n g  NR i s  t h e  a c c e l e r a t e d  s u l f u r  v u l c a n i z a t i o n  

s y s t e m ,  w h i c h  r e q u i r e s  t h e  i n c o r p o r a t i o n  o f  o n e  o r  more a c c e l e r a t o r s  and  

a c t i v a t o r s .  A n a l y s i s  o f  a v a r i e t y  o f  a c c e l e r a t e d  s u l f u r  c u r i n g  s y s t e m s  

h a s  shown t h a t  t h e  g e n e r a l i z e d  s t r u c t u r e  o f  a v u l c a n i z a t e  i s  a s  d e p i c t e d  

in  F i g u r e  1 . 5  (Hasma, 1 9 8 4 ) .  The g r o u p i n g  i d e n t i f i e d  c o m p r i s e  o f  m on o- ,  

d i -  and p o l y s u l f i d i c  c r o s s l i n k s ,  c y c l i c  mono-  and d i s u l f i d e  g r o u p s ,  

p e n d e n t  s u l f i d e  g r o u p s  t e r m i n a t e d  by a c c e l e r a t o r  f r a g m e n t s  and 

c o n j u g a t e d  d i e n e  and t r i e n e  u n i t s .
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F i g u r e  1 . 5  s t r u c t u r a l  f e a t u r e s  o f  an a c c e l e r a t e d  s u l f u r  v u l c a n i z a t e  o f  

n a t u r a l  rubbe r
X ะ a c c e l e r a t o r  f r a g m e n t ;  x>3 ; y>1

The p r o p e r t i e s  o f  t h e  v a r i o u s  g r o u p i n g  p r e s e n t  in  

a g i v e n  netw or k  g e n e r a l l y  depend on a s u l f u r  d o n o r ,  on t h e  n a t u r e  and 

t h e  c o n c e n t r a t i o n  o f  t h e  a c c e l e r a t o r s  p r e s e n t ,  and on t h e  t e m p e r a t u r e  

and t h e  t i m e  o f  c u r e .

1 . 7 . 2 . 2  N o n - s u l f u r  v u l c a n i z a t i o n
The s e a r c h  f o r  an a l t e r n a t i v e  v u l c a n i z a t i o n  a g e n t  

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

r e s i s t a n c e  ( L e w i s ,  1 9 8 4 ) .  T h er e  a r e  s e v e r a l  k i n d s  o f  n o n - s u l f u r  

v u l c a n i z a t i o n  s u c h  a s  p e r o x i d e  v u l c a n i z a t i o n ,  u s i n g  d - t e r t - b u t y l p e r o x i d e  

and d ic u m y l  p e r o x i d e  a s  t h e  v u l c a n i z i n g  a g e n t  w h ich  g i v e s  c a r b o n - c a r b o n
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c r o s s l i n k s  ( F i g u r e  1 . 6 ) ,  and u r e t h a n e  v u l c a n i z a t i o n ,  u s i n g  n i t r o s o  

compound a s  t h e  v u l c a n i z i n g  a g e n t  w h i c h  l i n k  t h e  NR c h a i n  v i a  p en d e n t  

amino gro up  ( F i g u r e  1 . 7 ) .

CHj CH,
I

=  CH — CH---- CH, — c  — CH — CH, — CH, — c  ะ=  CH — CH ----- CH, — c  — CH -
CH,
I

=  CH — CH------ ------- - CH — C =  CH — CH, ----------------I ------------- - CH, — c  =  CH —
I *
CH, Scission

(ver/ small)

F i g u r e  1 . 6  Example o f  c a r b o n - c a r b o n  c r o s s l i n k  o f  p e r o x i d i c  

v u l c a n i z a t i o n  ( B a k e r ,  1988)

F i g u r e  1 . 7  Example o f  n i t r o n e  - ' p h e n y l  -  n i t r o n e  c r o s s l i n k  o f  

u r e t h a n e  v u l c a n i z a t i o n  ( B a k e r ,  1988)

1 . 8  P h y s i c a l  p r o p e r t i e s  o f  n a t u r a l  ru b ber

Two o f  t h e  m os t  s i g n i f i c a n t  p r o p e r t i e s  o f  a raw ru b b e r  a r e  i t s  

v i s c o s i t y  and t h e  c u r e  c h a r a c t e r i s t i c s  ( S u l l i v a n  and w i s e ,  1 9 7 3 ) .  The

018606
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former establishes the amount o f energy required to  mix and form the 

compounded rubber, while the la t te r  defines the time ava ilab le  fo r  these 

operations. These cha rac te ris tics  are v i t a l ly  important because they 

define the operating window ava ilab le  fo r  converting uncured rubber 

compound in to  a usable product.

1.8.1 Mooney v isco s ity

Mooney v isco s ity  is  a measure o f the flow property o f raw 

rubber determined in a Mooney shearing disk viscometer. I t  is  indicated  

by the torque required to  ro ta te  the disk embedded in a rubber specimen 

and enclosed in the die cav ity  under specified  conditions. V iscosity  

values determined by th is  te s t method depend on the molecular s truc tu re  

o f rubber p a rt ic le  and on non-rubber constituents attached to  i t .  

Subramanium (1975) has reported the d iv e rs ity  o f Mooney v isco s ity  

ranging from 63 to  94, among which RRIM 501 has been c la s s if ie d  as low 

v is c o s ity  clone (MV ะ 49). The va ria tio n  between clones are greater 

than the standard deviation o f the v isco s ity  measurement w ith in  each 

clone. This inves tiga tion  indicated th a t Mooney v is c o s ity  should be a 

clonal ch a ra c te ris tic . Besides the source o f la tex , the method in which 

dry rubbers are produced from la tex can a ffe c t Mooney v is c o s ity  o f the 

raw rubber.

A very serious defect o f NR is  th a t i t  is  mostly supplied 

at ra ther high and varying v is c o s itie s . P relim inary study o f th is  

the s is  has shown tha t NR has higher Mooney v is c o s ity  than syn the tic  

rubber (Table 1.3).
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Table 1.3 Mooney v isco s ity  va ria tio n  in  natura l rubber and

synthe tic  rubber (P re lim inary study o f th is  thes is)

Type o f rubber Number o f 

samples

Mooney v is c o s ity (ML (1+4) 100‘ C)

Mean Standard deviation

Natural rubber

RSS 1 24 82.1 6.9

RSS 3 29 84.0 6.2

TTR 5L 31 75.2 7.5

Crepe 57 79.4 4.2

ADS 23 75.9 6.4

Synthetic rubber

BR 01 21 46.0 2.3

ร 1502 12 62.4 5.9

There are two problems associated w ith  the high v isco s ity  

o f NR. The f i r s t  problem is  th a t NR undergoes hardening during 

processing, shipment and storage, and the v is c o s ity  can rise  by 10 to  

40 Mooney un its  (Nadarajah e t a l . ,  1985). The higher Mooney v isco s ity  

is ,  the higher energy consumed in mixing the compound rubber. The 

second problem is  th a t most clones give a va riab le  v is c o s ity  rubber, 

only the constant v is c o s ity  grade (CV-NR), where consistent a Mooney 

v isco s ity  o f 60±5 or 80±5 can be obtained (Chin, 1969), there fore  mixing 

time must be adjusted otherwise the q u a lity  o f d if fe re n t lo t  can be 

d iffe re n t. There are several advantages o f using rubber w ith  low 

i n i t i a l  v is c o s ity , one is  to  allow the e lim ina tion  or reduction in
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premastication and thus an important saving in energy cost. Another one 

is  g iv ing  a good f lo w -a b il i ty  in complicate molding process.

1.8.2 Cure cha ra c te ris tics

One o f the important ch a ra c te ris tics  o f an elastomer is  the 

consistency in cure or vu lcan iza tion  behavior. Cure behavior is  most 

comprehensively followed by the cure curve derived from rheometer 

measurements. The important cure parameters are scorch time, cure ra te , 

time to  optimum cure and maximum modulus. Scorch time is  the minimum 

safe time fo r  processing the compounded rubber before the rubber is  

converted from a p la s tic  to  a vulcanized sta te  where fu rth e r processing 

is  impossible. Rate o f cure determines the time to  cure a given product 

to  i t s  optimum s ta te . So the presence o f accelerators and ac tiva to rs  

w il l  a ffe c t the consistency o f cure ra te, and NR is  known to  contain 

these natura l accelerators and ac tiva to rs  at d if fe re n t amount (Hasma, 

1984).

In the production o f a rubber compound, the techno log is t 

s tr iv e s  to  balance these 3 stages ะ scorch, curing and overcure. 

S u ff ic ie n t scorch time is  mandatory to  get the stock through the process 

to  avoid scrap, yet not w ith  so much residual scorch time th a t the cure 

time w i l l  be excessively long, thus t ie in g  up expensive equipment. A 

fa s t cure rate is  desired fo r  the same reason, however i t  should not be 

so fa s t th a t in s u ff ic ie n t mold flow  occurs. F in a lly , one wants to  

achieve maximum u t i l iz a t io n  o f the curing system by removing the product 

from the mold a t the optimum time while avoiding the adverse e ffe c ts  o f 

overcured (S u llivan  and Wise, 1973).
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Figure 1.8 Rheometer curve

1 = minimum modulus

2 = scorch po int (1

v is c o s ity )

3 = optimum cure

4 ะ ,maximum modulus

5 -  scorch time (Tj)

6 ะ time to  optimum 7

(Ml )

torque u n it r ise  above minimum

«V

cure ('โ,,)

7 ะ cure rate



1.9 Objectives

The hypothesis o f th is  research is  th a t d isco lo ra tio n  o f NR is  

dependent on the presence o f some non-rubber ingred ients namely 

carotenoid pigments, to co tr ie n o ls , polyphenols and polyphenol oxidase. 

Removal o f d isco lo ra ting  fac to rs  should decrease the co lo r index, 

whereas add ition  o f each fa c to r should re f le c t the importance o f each 

fa c to r on d isco lo ra tio n  process. Three clones o f rubbers ะ RRIM 600, 

GT 1 and PB 5/51 which are recommended clones fo r  growing in Thailand 

are selected fo r  th is  te s t. By fo llow ing  the development o f co lo r 

s ta r tin g  from raw rubber s ta te , rubber compound and the f in a l 

vulcanizate, the mechanism o f d isco lo ra tion  can also be e lucidated.
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