
CHAPTER I I

THEORY AND L ITERATURE SURVEY

2 .1  S IL K

S i l k ,  t h e  o n l y  n a t u r a l  c o n t i n u o u s  f i l a m e n t  f i b r e ,  i s  

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

s e r i c i n ,  t h e  n a t u r a l  gum o r  s i z e  w h i c h  c o a t s  t h e  f i b r o i n  as  

i t  i s  e x t r u d e d  b y  t h e  s i l k w o r m .

S i l k  i s  u s e d  t o  d e n o t e  t h e  f i b r o i n  o b t a i n e d  f r o m  

t h e  s p e c i e s  B o m b y x  m o r i .  I t  i s  c l a s s i f i e d  a s  a p o l y p e p t i d e  

a n d  i s  c o m p o s e d  p r i m a r i l y  o f  f o u r  a m i n o  a c i d s :  g l y c i n e ,  

a l a n i n e ,  s e r i n e  a n d  t y r o s i n e  as  s h o w n  i n  T a b l e  2 . 1  [ 1 ] .  

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

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

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

a c i d  a n d  g l u t a m i c  a c i d .  T a b l e  2 . 2  d e p i c t s  t h e  c h e m i c a l  

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

a c i d s  c o n t a i n e d  i n  s i l k  f i b r e s  1 2 1 .
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TABLE 2 . 1  A m i n o  a c i d  c o m p o s i t i o n s  o f  f i b r o i n  ( B o m b y x  m o r i )  

( g m / p r o t e i n  100  g m )

A m i n o  a c i d F i b r o i n

N o n p o l a r G l y c i n e 4 1 . 2 5

a m i n o  a c i d A l a n i n e 2 8 . 8 7

V a l i n e 2 . 6 3

L e u c i n e 0 . 3 2

I s o i e u c i n e 0 . 4 4

P h e n y l a l a n i n e 0 . 5 5

A c i d i c A s p a r t i c  a c i d 0 . 7 6

a m i n o  a c i d G l u t a m i c  a c i d 0 . 6 9

B a s i c A r g i n i n e 0 . 5 6

a m i n o  a c i d L y s i n e 0 .  17

Ox y S e r i n e 1 3 . 2 2

a m i n o  a c i d T h r e o n  i n e 0 . 8 1

T y r o s  i n e 1 0 . 9 6
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TABLE 2 . 2  s t r u c t u r a l  f o r m u l a e  o f  t h e  m a i n  a m i n o  a c i d s  

c o n t a i n e d  i n  f i b r o i n

S i l k  c o n t a i n s  n o  d i s u l f i d e  c r o s s l i n k s .  I t  i s  a 

h i g h l y  c r y s t a l l i n e  m a t e r i a l  w i t h  h y d r o g e n ,  h y d r o x y l  a n d  

v a r i o u s  s a l t  l i n k a g e s  a l l  o f  w h i c h  m a k e  i t  n o n - t h e r m o p l a s t i c  

T h e  g e n e r a l  f o r m  o f  p o l y p e p t i d e  c h a i n  o f  s i l k  i s  s h o w n  b e l o w

-CO-NH-CH-CO-NH-CH-CO-NH-CH-
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T h e  i m p o r t a n c e  o f  s i l k  a s  a t e x t i l e  f i b r e  l i e s  i n  

i t s  s o f t  a n d  d e e p  l u s t r e ,  h a n d l e ,  d r a p i n g  q u a l i t i e s  a n d  

l u x u r i o u s  a p p e a r a n c e .  S i l k  i s  c o m f o r t a b l e  t o  w e a r  

b e c a u s e  i t  i s  s o  a b s o r b e n t .  I t  d r i e s  q u i c k l y  a n d  g i v e s  u p  

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

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

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

. I t s o l u t i o n ,  i t i s  a t t a c k e d  b y s t r o n g  ac i d  w h i c h

r s i t d i s s o l u b l e i  ท s u c h s o  l u t  i o n .

l k h a s  a h i g h e l a s t i c modu l u s w i t h a l i m i t e d

e f  น 1 e x t e n s  i b i 1 i t y  b u t h i g h s t r e n g t h b o t h  wh e n

w e t ♦ m a i n l y  d u e t o  i t s p e c u  1 i a r m i c r o s t r u c t u r a l

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

ie c
t
=0

1
a n d  - NH  g 

1
r o u p s  o f a d  J a c e n t m o l e c u l e s  a n d

r e g i o n s  s h o w i n g a h i g h  c r y s t a l l i n e o r d e r  a n d

o f bu I k y  s i d e c h a i n . Ho we v e r , t h e  ร i l k  f  i b r e

a l o w 1 l i g h t  r e s i s t a n c e a n d  1ow ■พr i n k l e r e c o v e r y

b e i m p r o v e d  b y m o d i f . y i n g  i t s p r o p e r t i e s  t h r o u g h

' l y m e r  i z a t  i o n  c 3 1 .

2 . 2  N , N ’ - METHYLENEBISACRYLAMIDE

N , N ’ - m e t h y l e n e b i s a c r y l a m i d e  o r  N , N ’ - MBA w h o s e  

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

as  a c r o s s l i n k i n g  a g e n t  i n  g r a f t  c o p o l y m e r i z a t i o n  t o
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i n c r e a s e  t h e  q u a l i t y  o f  n a t u r a l l y  o c c u r r i n g  f i b r e s .  T h e  

a p p r e c i a b l e  d y e a b i l i t y  e f f e c t  o f  N , N ’ - MBA on  n a t u r a l  

f i b r e s  h a s  p r o m p t e d  i n v e s t i g a t i o n  o f  g r a f t i n g  o f  t h i s  

m o n o m e r  o n t o  s i l k  f i b r e s  i n  t h e  p r e s e n c e  o f  m e t a l  c h e l a t e ,  

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

r a d i c a l s  b y  e n h a n c i n g  t h e  h o m o l y t i c  c l e a v a g e  o f  M - 0  b o n d  143 

I t  i s  a  n o n - c o n j u g a t e d  d i v i n y l  m o n o m e r  w i t h  t h e  f o l l o w i n g  

s t r u c t u r e

CH=CHa

c =  0

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

y i e l d s  a s o l u b l e ,  g e l - f r e e  p o l y m e r  a c c o r d i n g l y  1 5 3 .

2 . 3  GRAFT COPOLYMERIZATION

M o d i f i c a t i o n  o f  f i b r e s  s u c h  a s  s i l k ,  w o o l ,  

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

v i n y l  m o n o m e r  h a s  b e e n  t h e  s u b j e c t  o f  m u c h  i n t e r e s t  a n d  

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

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

f o r m a t i o n  o f  a  r e a c t i v e  c e n t r e  on  a p o l y m e r  m o l e c u l e  i n  

t h e  p r e s e n c e  o f  a p o l y m e r i z a b l e  m o n o m e r .

I t  i s  i m p o r t a n t  t o  g r a f t  c o p o l y m e r i z e  o n t o  f i b r e s  

w i t h  m a x i m u m  p e r c e n t a g e  g r a f t i n g  b u t  m i n i m u m  h o m o p o l y m e r .  

T h e  h i g h e r  t h e  g r a f t i n g ,  t h e  b e t t e r  p r o p e r t i e s  o f  t h e  

g r a f t e d  f i b r e s ,  a s  i n d i c a t e d  b y  K o b a y a s h i  e t  a l . C B l .  T h e y  

o b s e r v e d  t h a t  t h e  w r i n k l e  r e c o v e r y  o f  t h e  M M A - g r a f t e d  

s i l k  f i b r e s  i n c r e a s e d  w h e n  t h e  g r a f t  y i e l d  was  i n  t h e  r a n g e  

o f  3 0 - 6 0 % .  T h e  f o r m a t i o n  o f  h o m o p o l y m e r  on  t h e  f i b r e  

s u r f a c e  u s u a l l y  d e s t r o y s  t h e  b a s i c  p r o p e r t i e s  o f  f i b r e s .

M o s t  m e t h o d s  o f  s y n t h e s i z i n g  g r a f t  c o p o l y m e r s  

i n v o l v e  t h e  u s e  o f  f r e e - r a d i c a l  c h a i n  p o l y m e r i z a t i o n  r a t h e r  

t h a n  i o n i c  c h a i n  p o l y m e r i z a t i o n  b e c a u s e  o f  t h e  r e a c t i o n  

c o n d i t i o n s  a n d  e a s e  o f  c a r r y i n g  o u t  t h e  r e a c t i o n .

2 . 3 . 1  F r e e - r a d i c a l  G r a f t  C o p o l y m e r i z a t i o n

R a d i c a l  c h a i n  p o l y m e r i z a t i o n  i s  a  c h a i n  

r e a c t i o n  c o n s i s t i n g  o f  a s e q u e n c e  o f  s t e p s  a s  f o l l o w s :  

( 1 )  a n  i n i t i a t i o n  s t e p , w h i c h  may i n v o l v e  m o r e  t h a n  o n e  

r e a c t i o n ;  ( 2 )  a  p r o p a g a t i o n  s t e p ,  w h i c h  i n v o l v e  a l o n g

s e q u e n c e  o f  i d e n t i c a l l y  r e p e a t i n g  r e a c t i o n s ; a n d  ( 3 )
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a  t e r m i n a t i o n  s t e p ,  w h i c h  e n d s  t h e  k i n e t i c  c h a i n  r e a c t i o n .  

T h e  e x a m p l e  o f  r e a c t i o n  m e c h a n i s m  o f  g r a f t  c o p o l y m e r i z a t i o n  

o n t o  s i l k  f i b r e  i s  s h o w n  b e l o w  โ 7 1 :

P r o d u c t i o n  o f  f r e e  r a d i c a l s  o n  t h e  s i l k  b a c k b o n e ’.

I  ----------------- » 2 R* -----------  ( 2 . 1 )

k * .

SH + R* ----------------- » ---- ------ร  + RH -----------  ( 2 . 2 )

I n i t i a t i o n  ะ

k 1

' พ ร • + M --------------- + ร ----- พ'  ---------  ( 2 . 3 )

R* + M ------------------ » RM* -----------  ( 2 . 4 )

P r o p a g a t i o n  ะ

kO

- '~ ' -รพ ‘ + ทพ -----------4 รพ*n +1 -------  (2.5a)

k XJ

‘ 11+ 1 + M ----------- » '•รพ* n + 2 -------  (2.5b)

k
XJ

RM' + ทพ -----------+ R-M‘ n+ 1 -------  (2.5c)

k
XJ

R— M'*n+1 + พ --- ------- -» R--- >M'n + 2 -------  ( 2.5d)
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T e r m i n a t i o n  ะ

S M ’ + M'  S

R —  M‘

K

---------- » G r a f t e d  p o l y m e r  ------ ( 2 . 6 a )

K

---------- > H o m o p o l y m e r  ------ ( 2 . 6 b )

2 . 4  I N I T I A T I O N

R a d i c a l s  c a n  b e  p r o d u c e d  b y  a v a r i e t y  o f  r e d o x ,  

t h e r m a l ,  a n d  i r r a d i a t i o n  m e t h o d s .  I n  o r d e r  t o  f u n c t i o n  a s  a 

u s e f u l  s o u r c e  o f  r a d i c a l s ,  an  i n i t i a t o r  s y s t e m  s h o u l d  b e  

r e a d i l y  a v a i l a b l e ,  s t a b l e  u n d e r  a m b i e n t  o r  r e f r i g e r a t e d  

c o n d i t i o n s ,  a n d  p o s s e s s  a p r a c t i c a l  r a t e  o f  r a d i c a l  

g e n e r a t i o n  a t  t e m p e r a t u r e s  w h i c h  a r e  n o t  e x c e s s i v e  

( a p p r o x i m a t e l y  < 1 5 0 ° C )  โ ร ! .

2 . 4 . 1  R e d o x  I n i t i a t i o n

m e t h o d  o f  

r e s u l t s  i n  

s i n c e  o n l y

R e d o x  i n i t i a t i o n  i s  o f t e n  an  e 

i n i t i a t i n g  g r a f t  p o l y m e r i z a t i o n .  I t  

g r a f t i n g  w i t h  a m i n i m u m  o f  h o m o p o l y m e  

t h e  p o l y m e r i c  r a d i c a l  i s  f o r m e d .

f  f  

น 

r  i

i c  i e n t  

s u a l l y  

z a t  i o n

r a d i c a l  p r  

w i d e  r a n g e

A p r i m e  a d v a n t a g e  o f  r e d o x  

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

o f  t e m p e r a t u r e s ,  d e p e n d i n g

i n i t i a t i o n  i  

r a t e s  o v e r  

on  t h e  p a r t

ร t h a t  

a v e r y  

i c u l a r

0 1 7 8 3 7
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r e d o x  s y s t e m ,  i n c l u d i n g  i n i t i a t i o n  a t  m o d e r a t e  t e m p e r a t u r e s  

o f  0 - 5 0 ° C  a n d  e v e n  l o w e r  C8D.

Some r e d o x  s y s t e m s  i n v o l v e  d i r e c t  e l e c t r o n  

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

i n v o l v e  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  r e d u c t a n t - o x i d a n t  

c o m p l e x e s ;  t h e  l a t t e r  a r e  c h a r g e  t r a n s f e r  c o m p l e x e s  i n  

some c a s e s  โ 8 1 .

2 . 4 . 1 . 1  T y p e s  o f  R e d o x  I n i t i a t o r

w i t h  a r e d u c i n g  a g e n t  

e x a m p l e ,

2 . 4 . 1 . 1 . 1  P e r o x i d e s  i n  c o m b i n a t i o n  

a r e  common s o u r c e s  o f  r a d i c a l s ,  f o r

H2 0 2 + F e 2+

2 . 4 . 1 .

v a r i e t y  o f  i n o r g a n i c  o x i d a n t s  

t i o n ,  f o r  e x a m p l e ,

■> HO"  + HO'  + F e 3 + ------ ( 2 . 7 )

1 . 2  T h e  c o m b i n a t i o n  o f  a 

i n i t i a t e s  r a d i c a l  p o l y m e r i z a -

0 3S-0 -0-S0~ + Fe2+ ---------» Fe3+ + so 4 2~ + รอ7 '  - -  ( 2 .8 )

p a i r ' s  c a n  a l s o  i n i t i a t e  

a l w a y s  b y  o x i d a t i o n  o f

2 . 4 . 1 . 1 . 3  O r g a n i c  -  i n o r g a n i c  r e d o x  

p o l y m e r i z a t i o n ,  u s u a l l y  b u t  n o t  

t h e  o r g a n i c  c o m p o n e n t ,  f o r  e x a m p l e ,
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R - C H 2 -OH + C e A+ ----------------- » C e 3+ + H+ + R - C H - G H  - -  ( 2 . 9 )

O t h e r  r e d o x  p a i r s  i n c l u d e

t r a n s i t i o n  m e t a l  c h e l a t e s .

2 . 4 . 2  T h e r m a l  D e c o m p o s i t i o n  a n d  M e c h a n i c a l  D e g r a d a t i o n

may b e  u s e d  

d e c o m p o s i t i o n  

b a c k b o n e  โ 9 1 .

T h e r m a l  d e c o m p o s i t i o n  i s  t h e  

t o  i n i t i a t e  g r a f t  c o p o l y m e r i  

o f  t h e r m a l l y  u n s t a b l e  g r o u p s

m e t h o d  w h i c h  

z a t i o n  b y  t h e  

on  a p o l y m e r i c

t h e  m e t h o d  

c a p a b l e  o f  

i n f l u e n c e  o 

c a r b o n  o r  

b a c k b o n e  o f

M e c h a n i c a l  d e g r a d a t i o n  o r  M a s t  

w h i c h  l e a d s  t o  t h e  f o r m a t i o n  o f  

i n i t i a t i n g  g r a f t  c o p o l y m e r i z a t i  

f  an a p p l i e d  s t r e s s  s c i s s i o n  

o t h e r  c h e m i c a l  b o n d s  b e t w e e n  a t  

a p o l y m e r  m a c r o m o l e c u l e .

i c a t  i o n  โ 91 i s  

m a c r o r a d i c a l s  

on  u n d e r  t h e  

o f  t h e  c a r b o n -  

oms w i t h i n  t h e

2 . 4 . 3  I o n i z i n g  R a d i a t i o n

P o l y m e r i c  r a d i c a l s  

p r o d u c e d  b y  t h e  i r r a d i a t i o n  o f  a 

w i t h  i o n i z i n g  r a d i a t i o n .  R a d i a t i o n  

s o u r c e  f o r  g r a f t  i n i t i a t i o n  as  i t  a

can  a l  

p o l y m e r -  

i s  a V 

l l o w s  a

t e r n a t e l y  b e  

m o n o m e r  s y s t e m  

e r y  c o n v e n i e n t  

c o n s i d e r a b l e

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

c a r e f u l  s e l e c t i o n  o f  t h e  d o s e  a n d  d o s e - r a t e .  P r e i r r a d i a t i o n  

a n d  m u t u a l  i r r a d i a t i o n  a r e  t w o  d i f f e r e n t  t e c h n i q u e s  u s e d  f o r  

r a d i a t i o n  g r a f t i n g  118 , 91 .

2 . 4 . 4  U l t r a v i o l e t  R a d i a t i o n

G r a f t  c o p o l y m e r i z a t i o n  c a n  a l s o  b e  a c h i e v e d  

b y  i r r a d i a t i o n  o f  a p o l y m e r - m o n o m e r  s y s t e m  w i t h  u l t r a v i o l e t  

r a d i a t i o n ,  o f t e n  i n  t h e  p r e s e n c e  o f  p h o t o s e n s i t i z e r  s u c h  as  

b e n z o p h e n o n e  o r  b e n z o i n .  P h o t o l y t i c  g r a f t i n g  i s  s i m i l a r  t o  

r a d i a t i o n  g r a f t i n g  e x c e p t  t h a t  t h e  d e p t h  o f  p e n e t r a t i o n  

b y  u v  i s  l e s s  t h a n  b y  i o n i z i n g  r a d i a t i o n .  U V - i n i t i a t e d  

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

p o l y m e r  C 8 , 9 1  .

2 . 4 . 5  C h a i n  T r a n s f e r  a n d  C o p o l y m e r i z a t i o n

An a c t i v e  s i t e  c a p a b l e  o f  i n i t i a t i n g  g r a f t  

c o p o l y m e r i z a t i o n  may b e  f o r m e d  on a p o l y m e r  v i a  a

" c h a i n  t r a n s f e r "  s t e p  i n  v i n y l  a d d i t i o n  p o l y m e r i z a t i o n .  

F o r  i n i t i a t i o n  b y  c h a i n  t r a n s f e r ,  t h e  e f f i c i e n c y  o f  t h e  

g r a f t i n g  r e a c t i o n  i s  d e p e n d e n t  on  t h e  t e n d e n c y  o f  a 

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

p r o p a g a t i o n  1 1 0 1 .
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2 .5  METAL CHELATES

Meta l  c h e l a t e s  are compounds c o n t a i n i n g  donor  

atoms t h a t  can combine by c o o r d i n a t e  bond ing  w i t h i n  a 

s i n g l e  meta l  atom t o  form a c y c l i c  s t r u c t u r e  c a l l e d  a 

c h e l a t i o n  complex o r ,  s i m p l y ,  a c h e l a t e .

The s t r u c t u r a l e s s e n t i a l s  o f a c h e l a t e are

c o o r d i n a t e bonds between a meta l  atom and two or more

atoms i n the mo lecu le o f t he  . c h e l a t i n g a g e n t . The

c o o r d i n a t i n g  atoms o f  t he  l i g a n d s  are e l e c t r o n  donors  and 

t he  meta l  atom i s  t he  e l e c t r o n  a c c e p to r  [ 1 1 ] .

Meta l  c h e l a t e s  have many a p p l i c a t i o n s  and t he  one 

which i s  v e r y  i m p o r t a n t  t o  p o l y m e r i z a t i o n  o r  g r a f t  

c o p o l y m e r i z a t i o n  i s  be ing  t h e  i n i t i a t o r .  Most o f  them 

u s u a l l y  are concerned i n  redox  i n i t i a t i o n .  when a me ta l  i s  

capab le  o f  e x i s t i n g  i n  more than one v a l e n c y  s t a t e ,  t he  

co m b i na t i o n  o f  an o r g a n i c  l i g a n d  w i t h  t he  h i g h e r  v a l en cy  

s t a t e  o f  t he  meta l  may r e s u l t  i n  an e l e c t r o n  t r a n s f e r  t o  

the  meta l  and t he  i n i t i a t i o n  o f  a chemica l  r e a c t i o n  as a 

consequence o f  t h i s  e l e c t r o n  t r a n s f e r ;  i n  o t h e r  words,  t he  

c h e l a t e s  c o n t a i n i n g  t he  me ta l  i n  t he  h i g h e r  v a l e n c y  s t a t e  

are a lways more a c t i v e  C121. In  o t h e r  c a t a l y t i c  e f f e c t s  o f  

meta l  c h e l a t e s ,  r e a c t i v e  c e n t e r s  may be b ro ug h t  i n t o  c l o s e
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p r o x i m i t y ,  charge o r  bond s t r a i n  e f f e c t s  may be c r e a t e d ,  

o r  e l e c r o n  t r a n s f e r  may be made p o s s i b l e  c 11 ว.

Meta l  c h e l a t e s  have been r e p o r t e d  t o  produce f r e e  

r a d i c a l  s pe c i es  upon h e a t i n g  and t hese  s pe c ie s  were found 

t o  e f f e c t  t h e  p o l y m e r i z a t i o n  o f  s t y r e n e .  F o l l o w i n g  t h i s  

f i n d i n g ,  a number o f  workers  a t t em p te d  t h e  p o l y m e r i z a t i o n  

of  a v a r i e t y  o f  v i n y l  monomers by us ing  meta l  c h e l a t e s  as 

i n i t i a t o r s .

The use o f  meta l  c h e l a t e s  f o r  i n i t i a t i n g  v i n y l  

p o l y m e r i z a t i o n  has a t t r a c t e d  a t t e n t i o n  i n  r e c e n t  ye a rs .  The 

i n i t i a t i n g  a c t i v i t i e s  o f  a c e t y l a c e t o n a t e  complexes o f  some 

m e t a l s ( Me( a c a c ) x ) -such  as M o ( I I ) ,  M o ( I I I ) ,  F e ( I I I > , C r ( I I I ) ,  
C o ( I I I ) ,  and M n ( I I I ) -  which i n v o l v e  t he  c e n t r a l  me ta l s  o f  

h i g h e r  va l e n c y  s t a t e  a re  known as e x c e l l e n t  i n i t i a t o r s  o f  

v i n y l  p o l y m e r i z a t i o n  โ ! ร ] .

A r n e t t  and Mendelsohn โ 14] observed t h a t  meta l  

c h e l a t e s ,  upon h e a t i n g ,  decompose t o  g e ne ra te  f r e e  r a d i c a l  

spec ies  by homo ly s i s  o f  me ta l - oxygen  bond w i t h  t he  r e d u c t i o n  

o f  t he  meta l  t o  a l ower  v a l e nc y  s t a t e  as shown i n  ecjn. 2.10

ch3 CH->

/  CZ==G'\ *
CII M n(acac) 0 โ CH ! «
^ 0 - 0 ^ ^ c - 0
y /

CII3 ch3

+ M n (a c a c ) „ 2 .  10
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The monomer mo lecu le  must p a r t i c i p a t e  i n  t he  

homo lys i s  o f  Me (acac )x , i . e . ,  i n  t he  i n i t i a t i n g  r a d i c a l  

p r o d u c t i o n  s te p  i n  eq u a t i o n  2.11

Me (aca c )x + M — โ M—f Me (acac )x 1

(acac)  - - M ’ + Me(aoac) x_ 1 -------------( 2 .11 )

2 . 5 . 1  Manganese( I I I ) A c e t y l a c e t o n a t e

K a s tn i n g  e t  a l .  โ ! 51 showed t h a t  w i t h  v a r i o u s  

c h e l a t e s  o f  M n ( I I I ) ,  t he  a c e t y 1ac e to n a te  i s  c o n s i d e r a b l y  

more a c t i v e  than d i b enzo y lme thane  d e r i v a t i v e s ,  t hose  o f  

M n ( I I I )  and C o ( I I I )  are t he  most a c t i v e  i n i t i a t o r s  as shown

in F ig u r e  2 .1 .
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FIGURE 2.1  P o l y m e r i z a t i o n  o f  s t y r e n e  us in g  meta l  

a c e t y 1ace to n a t es  as i n i t i a t o r s .  The 

pe rcen tage  o f  co n v e rs i o n  (บ) as a 

f u n c t i o n  o f  t he  t e m p e r a tu re  (T ) .  

acac = A c e t y 1a c e t o n y 1. ( D u r a t i o n  o f

p o l y m e r i z a t i o n  1 hour ,  i n i t i a t o r  

c o n c e n t r a t i o n  0 .5  wt% ) .

o t su  e t  a l .  c 161 found t h a t  Mn (aca c )3 was t he  

most e f f e c t i v e  i n i t i a t o r ,  and C o (a c a c )3 , Mn (acac )E, 

C u (a c a c )2 and C r ( a c a c ) 3 gave moderate a c t i v i t y  f o r  t he  

p o l y m e r i z a t i o n  o f  m e t h y l m e t h a c r y l a t e  a t  80 °c ,  as shown in

Tab le  2 .3 .
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TABLE 2 .3  R e s u l t s  o f  b u l k  p o l y m e r i z a t i o n  o f  MMA i n i t i a t e d  

by M e ( a c a c ) x a t  80°C:  C M e(a ca c )x I = 0 .5 3  t o  MMA

Me in 

Me( a c a c ) x

Time,

hr

C o n v e r s i o n , 

%
Rp,
% / h r

S y n d i o t a c t i c i t y ,

%

M n ( I I I ) 0 .5 15.11 30.22 39

C o ( I I I ) 1.5 4.82 3.21 43

Mn( 11 ) 1.5 4.25 2.8  3 53

C u ( I I ) 2.0 4.64 2.3  2 48

C r ( I I I ) 2 .0 5.61 2. 24 -

Al ( I I I  ) 8 .0 2.89 0.36 -

N i ( 11 ) 10.0 1.82 0.18 46

F e ( I I I ) 11.0 3.87 0.35 47

Co( 11) 11.0 3.53 0.32 42

T i O ( I I ) 11.0 2.88 0.26 41

Z r ( IV) 11.0 2. 18 0.20 42

z ท ( 1 1  ) 11.5 2.56 0.22 -

V 0 ( I I ) 20.0 2.48 0.12 -

L i ( I ) 20.0 1.87 0.09 -

Na ( I  ) 20.0 0.66 0.03 -

M g ( I I ) 30.0 3.28 0.11 -

V( I I I ) 30.0 0. 15 0 -

Mo0 2 ( I I ) 30.3 0.13 0 -
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The observed a c t iv i t y  order of Me(acac) 11 was 

independent of th e i r  s t a b i l i t y  constant ( in water), thermal 

s t a b i l i t i e s ,  ionizat ion potent ia ls  or e lec t ronega t iv i t ies  

of th e i r  centra l metals.

The abnormally high i n i t i a t o r  a c t i v i t y  of Mn(acac)3 

might be based on i t s  s t ruc tu ra l  s t ra in  [15].

2 . 6  FACTORS INFLUENCING THE PERCENTAGE GRAFT COPOLYMERIZATION

There are several in f luencing parameters imposing 

degree of g ra f t  copolymerization; however, the most 

important ones are l is te d  below.

2.6.1 I n i t i a t o r

The var ia t ion  of g ra f t ing  e f f ic iency  or % 

conversion in g ra f t  copolymerization or polymerization 

depends to a certa in level on the initiator effect. 

Smets et a l.  [17] have shown that the polymerization of 

methyl methacrylate in the presence of polystyrene y ie lds an 

appreciable amount of g ra f t  copolymer i f  the reaction is 

in i t i a t e d  with benzoyl peroxide. In contrast, when using 

a z o -b is - is o b u ty ro n i t r i le  (AIBN) or d i -  tert- butyl peroxide 

as an i n i t i a t o r  the degree of g ra f t in g  is in s ig n i f ic a n t .  

The explanation fo r  the i n a b i l i t y  of AIBN to i n i t i a t e  g ra f t
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c o p o l y m e r i z a t i o n  i s  t h a t  t h e  (CH3 ) 2C-CN r a d i c a l  from 

AIBN i s  a p p r e c ia b l y  le s s  r e a c t i v e  than  th e  c <3H0 and CeHs C00‘ 

r a d i c a l s  from be n zo y l  p e r o x id e  because o f  th e  resonance 

s t a b i 1i z a t i o n .

Bamford and L in d  โ ! 83 s t u d i e d  how M n (aca c )3 

was r e l a t i v e l y  e f f e c t i v e  w i t h  MMA a t  80°c  and v i n y l  a c e ta te  

bu t  i n e f f e c t i v e  w i t h  a c r y l o n i t r i l e .  In  a d d i t i o n ,  th e y  a ls o  

examined th e  i n f l u e n c e  o f  s u b s t i t u e n t s  i n  th e  a c e t y l -  

a c e to n a te  l i g a n d .  Manganese 1 , 1 , 1 - t r i f l u o r o a c e t y l a c e t o n a t e ,

( Mn( f a c a c ) 3 ) ,  i n i t i a t e s  th e  p o l y m e r i z a t i o n  o f  m e thy l  

m e th a c r y la te  and a c r y l o n i t r i l e  r a p i d l y ,  b u t  i s  i n a c t i v e  

tow ard  s t y r e n e  and v i n y l  a c e t a t e ;  thu s  i t  i s  a good 

i n i t i a t o r  f o r  monomer s t r u c t u r e s  s u s c e p t i b l e  t o  a n i o n i c  

p o l y m e r i z a t i o n ,  a l th o u g h  th e  a c t u a l  p r o p a g a t io n  pathway i s  

by f r e e  r a d i c a l .  I n i t i a t i o n  by M n ( fa c a c ) 3 i s  more e f f e c t i v e  

w i t h  a c r y l o n i t r i l e  compared t o  M n (a ca c )3 . T h is  im p l i e s  t h a t  

th e  c e n t r a l  carbon atom o f  th e  r a d i c a l ,  CH3COCHCOCH3, 

c a r r i e s  a p a r t i a l  p o s i t i v e  cha rge ,  so t h a t  r e a c t i o n  w i t h  

a c r y l o n i t r i l e  w i l l  be r e l a t i v e l y  s lo w ;  on th e  o t h e r  hand, 

i n i t i a t i o n  by M n ( fa ca c>3, h a v in g  some i o n i c  c h a r a c t e r ,  can 

be ve ry  r a p i d  โ ! 8 ,1 93 .

The g r a f t  y i e l d  i n c re a s e d  w i t h  i n c r e a s in g  

i n i t i a t o r  c o n c e n t r a t i o n ,  bu t  t h e r e a f t e r  th e  p e rce n ta g e  o f

g r a f  t i n g d e c r e a s e d  a p p r e c i a b l y  due t o  r e t a r d a t i o n  or
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i n h i b i t i o n  by th e  i n i t i a t o r  ( t h e  c h e la t e s )  wh ich  o c c u r re d  a t  

th e  h ig h e r  c o n c e n t r a t i o n  C181. M n (a ca c )3 i s  known t o  a c t  as 

r e t a r d e r  o f  v i n y l  p o l y m e r i z a t i o n  a t  h ig h e r  c o n c e n t r â t ionC201 . 

The r e t a r d a t i o n  in  g r a f t  r e a c t i o n  i s  p resum ably  due t o  

the  o x i d a t i o n  o f  th e  po lym er  backbone r a d i c a l  and th e  

v a r i a t i o n  in  r a t i o  between monomer and c h e la t e s .  In  

a d d i t i o n ,  th e  e x c e e d in g ly  f r e e  r a d i c a l s  formed a t  h ig h  

c o n c e n t r a t i o n s  o f  i n i t i a t o r ,  th e  t e r m i n a t i o n  o f  f r e e  

r a d i c a l s  a l s o  o c c u r re d  171.

2 . 6 . 2  Monomer

V i n y l  monomers which a re  a b le  t o  g r a f t  

c o p o ly m e r iz e  by u s in g  m e ta l  c h e la te s  as i n i t i a t o r s  sh o u ld  

have a f u n c t i o n a l  g roup which in c re a s e s  th e  ข- e l e c t r o n  

d e n s i t y  o f  th e  doub le  bond.

ร. Samal and G. Sahu 121-231 s t u d i e d  th e  

e f f e c t  o f  v a r io u s  monomers on g r a f t  y i e l d .  MMA was found  

t o  be the  most a c t i v e  v i n y l  monomer, th e  o r d e r  o f  r e a c t i v i t y  

be ing  m e thy l  m e th a c r y la te  > m e th y l  a c r y l a t e  > e t h y l  

a c r y l a t e  > n - b u t y l  a c r y l a t e  > a c r y l o n i t r i l e  > a c r y l i c  a c id .  

T h is  o r d e r  o f  r e a c t i v i t y  sug ges ts  t h a t  th e  f o r m a t i o n  o f  

i n i t i a t i n g  r a d i c a l  i s  o f  monomer dependence, l e a d in g  t o  th e  

f o r m a t i o n  o f  an i n t e r m e d i a t e  complex. The ease of  

f o r m a t i o n  o f  such a complex w i l l  be maximum w i t h  MMA
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because o f  t h e  in c re a s e d  ซ- e l e c t

e f f e c t  o f  t h e  s u b s t i t u t e d  m e thy l  
I

and AA, th e  -CN and -COOH groups 
l

th e  ซ- e l e c t r o n  d e n s i t y  due t o  an e l  

a t t a c h e d  t o  th e  v i n y l i c  carbon atom 

r e a c t i v i t y  fo r m in g  a complex 

decrease in  g r a f t  y i e l d  from MA 

s t e r i c  h in d ra n c e .  The approach 0 

charge t r a n s f e r  complex w i t h  th e  

h i n d e r e d .

ron d e n s i t y  due t o  +1 

g roup .  In  case o f  AN 

s i g n i f i c a n t l y  decrease  

e c t r o n  a t t r a c t i n g  g roup 

, l e a d in g  t o  a decreased 

w i t h  th e  c h e l a t e .  The 

t . 0 BA i s  l a r g e l y  due t o  

f  t h e  monomer t o  form 

i n i t i a t o r  i s  s t e r i c a l l y

S t r u c t u r e  o f  monomer, indeed ,  p 

im p o r ta n t  r o l e  in  g r a f t  y i e l d  due t o  th e  f a c t  

r a t e  o f  i n i t i a t i o n  i s  d e te rm in e d  by th e  ease f a c i l i  

which th e  monomer e n te r s  i n t o  th e  me ta l  c h e la t e  t  

charge t r a n s f e r  complex [ 1 8 ] .

la ys  an 

t h a t  th e  

t y  w i t h  

o form a

By i n c r e a s in g  th e  monomer c o n c e n t r a t i o n ,  th e

g r a f t  y i e l d  in c re a s e d .  However, a t  h i g h e r  c o n c e n t r a t i o n  o f  

the  monomer, th e  r a t e  o f  c o m b in a t io n  and d i s p r o p o r t i o n a t i o n  

o f  PMMA m a c r o r a d ic a ls  i s  i n c re a s e d  f a s t e r  than  th e  r a t e  o f  

t h e i r  c o m b in a t io n  w i t h  th e  po lymer  backbone . B e s id e s ,  th e  

r a t e  o f  monomer d i f f u s i o n  i s  bound t o  be p r o g r e s s i v e l y  

a f f e c t e d  by th e  po lym er  d e p o s i t  fo rmed, and t h i s  i s  more

pronounced a t  h ig h e r  c o n c e n t r a t i o n  o f  monomer [221 .
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2 . 6 . 3  A c i d i t y

To g r a f t  c o p o ly m e r iz e  th e  v i n y l  monomer on to  

s i l k  f i b r e s  by manganese( I I I ) a c e t y l a c e t o n a t e  as an 

i n i t i t o r ,  i t  i s  necessa ry  t o  s t a r t  th e  r e a c t i o n  in  an a c i d i c  

medium w i t h  a p p r o p r i a t e  c o n c e n t r a t i o n .  A c id  f a c i l i t a t e s  th e  

d e c o m p o s i t io n  o f  t h e  i n i t i a t o r ,  l e a d in g  t o  th e  f o r m a t i o n  

o f  a l a r g e  number o f  i n i t i a t i n g  f r e e  r a d i c a l s .  

I n c o r p o r a t i n g  t . 0 0  h ig h  o f  a c o n c e n t r a t i o n  o f  th e  a c id  

sh o u ld  be avo id e d  because i t  does suppress  th e  g e n e r a t i o n  o f  

r a d i c a l s  due t o  th e  r e v e r s i b l e  r e a c t i o n  wh ich  scavenges 

th e  e x i s t i n g  r a d i c a l s  C21H.

Mn ( acac) 3 ~  ~~ acac ' + M n (a ca c )2 - -  (2 .1 2 )

H4-

M n (aca c )3 + M ^  (a ca c )M ’ + M n (a ca c )a - -  (2 .1 3 )

H +

2 . 6 . 4  Temperature

In  g r a f t  c o p o l y m e r i z a t i o n  by th e  m e ta l  a c e t y l -  

a c e to n a te  w i t h  i n c r e a s in g  te m p e ra tu re  w i t h i n  th e  range o f  

45°C-75°C, th e  g r a f t  y i e l d  in c r e a s e s .  T h is  can be a s c r ib e d  

t o :  (a) g r e a t e r  ease o f  a c e t y l a c e t o n a t e  f r e e  r a d i c a l s

f o r m a t i o n ;  (b) i n c re a s e d  s o l u b i l i t y ;  and (c)  enhanced 

d i f f u s i o n  r a t e  o f  monomer m o le cu les  t o  th e  v i c i n i t y  o f  th e
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grow ing  m a c r o r a d i c a l s .  However, a t  h i g h e r  te m p e r a tu r e ,  i t  

appears  t h a t  t e r m i n a t i o n  r e a c t i o n s  are  a l s o  a c c e le r a t e d  

le a d in g  t o  a decrease in  p e rc e n t  add-on.

2 . 6 . 5  Time

The p e rce n ta g e  g r a f t  

r e a c t i o n  p e r i o d s  was s t u d ie d .  The 

an in c re a s e  in  th e  r e a c t i o n  p e r i o d ,  

i n c r e a s e s .

ing  on v a r i a t i o n  o f  th e  

r e s u l t s  show t h a t  w i t h  

th e  p e rc e n ta g e  g r a f t i n g

2 . 6 . 6  A d d i t  i ve s

The f o r m a t i o n  o f  a c e t y l a c e t o n a t e  f r e e  r a d i c a l  

i s  a s s i s t e d  by th e  s o l v e n t  and monomer. Bamford e t  a l .  C181 

sugges ted  t h a t  i f  th e  s o l v e n t  m o le cu les  were a p o l a r  s o l v e n t ,  

they  p r o b a b ly  encourage th e  d e c o m p o s i t io n  o f  t h e  c h e la t e  by 

s t a b i l i z i n g  th e  d i v a l e n t  c h e la t e  g e n e ra te d  in  th e  p rocess

+ 2S

M n ( a c a c )

รุÏ
acac + Mn(acac)

Î
ร

(2 .1 4 )

O rg an ic  s o l v e n t s  g r e a t l y  a f f e c t  th e  g r a f t  

y i e l d .  The e f f e c t  o f  d i f f e r e n t  ty p e s  o f  s o l v e n t s  such as 

a l c o h o l i c  s o l v e n t s ,  ch a in  t r a n s f e r  s o l v e n t s ,  o r g a n i c  a c id  

and s o l v e n t s  a c t i n g  as s o l u b i l i z e r s  f o r  th e  monomers i s

d is c u s s e d  be low.
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W ith  a l c o h o l i c  s o l v e n t s  th e  g r a f t  y i e l d  

f o l l o w s  th e  o r d e r :  MeOH > EtOH > n-Pr-OH > n - b u t y l - O H  > amyl 

a l c o h o l .  I t  was shown t h a t  i n  i n c r e a s i n g  th e  m o le c u la r  

w e ig h t  o f  t h e  a l c o h o l ,  g r a f t  y i e l d  decreased  due t o  th e  

adverse  e f f e c t  o f  th e  w a te r  on th e  s w e l l i n g  o f  s i l k .  The 

h yd ro p h o b ic  c h a r a c t e r  o f  t h e  s o l v e n t  in c re a s e s  f rom methanol  

t o  amyl a l c o h o l ,  t h e r e b y  h i n d e r i n g  monomer access t o

r e a c t i v e  s i t e s  on th e  s i l k .

W i th  ch a in  t r a n s f e r  s o l v e n t s ,  th e  g r a f t

y i e l d  o r d e r  i s  CHCl3 > CC1A > EtSH.

W ith  o t h e r  s o l v e n t s ,  th e  g r a f t  y i e l d  o rd e r  

i s  f o r m ic  a c id  > a c e t i c  a c id  > ace tone > DMF > d io x a n e .  

B es ides ,  DMF, DMSO and p y r i d i n e  appear t o  a c t  as ch a in  

t r a n s f e r  s o l v e n t s  wh ich  d e a c t i v a t e  th e  a c t i v e  s i t e s  o f  

backbone po lym er  โ221.

R egard less  o f  th e  s o l v e n t  used, an in c re a s e  

in  th e  amount o f  s o l v e n t  i n  th e  r e a c t i o n  m ix t u r e  tends  t o  

decrease g r a f t  y i e l d .  T h is  m igh t  be due to  th e  f a c t  t h a t  

a t  h i g h e r  c o n c e n t r a t i o n ,  th e  s o l v e n t s  a c t  as cha in

t e r m i n a t o r  โ4 ,241 .

Dependence o f  g r a f t i n g  upon th e  n a tu r e  o f

th e  s o l v e n t  sugges ts  t h a t  th e  s o l v e n t s  examined behave
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c o n s id e r a b l y  d i f f e r e n t l y  in  t h e i r :  (a)  c o m p a t i b i l i t y  o f  

s w e l l i n g  s i l k ;  (b) m i s c i b i l i i t y  w i t h  monomer; (c )  f o r m a t i o n  

o f  s o l v e n t  r a d i c a l  from th e  p r im a ry  r a d i c a l  s p e c ie s  o f  th e  

i n i t i a t i n g  sys tem; (d) c o n t r i b u t i o n  o f  th e  s o l v e n t  r a d i c a l  

in  th e  a c t i v i t a t i o n  o f  th e  s i l k ;  (e) in c re a s e d  c o n c e n t r a t i o n  

o f  th e  i n i t i a t i n g  f r e e  r a d i c a l  by a s s i s t i n g  th e  d e g r a d a t io n  

o f  the  c h e la t e ,  and t e r m i n a t i o n  o f  th e  g r a f t  r a d i c a l  

and s i l k  m a c r o r a d ic a l  v i a  cha in  t r a n s f e r .  S i t u a t i o n s  a -d  

are f a c t o r s  f a v o r i n g  g r a f t i n g  by s i m p l i f y i n g  access and 

d i f f u s i o n  o f  th e  monomer; b u t  s i t u a t i o n  (e) i s  th e  o n ly  

f a c t o r  l o w e r in g  m o le c u la r  s i z e  o f  th e  g r a f t  [43 .

In  re s p e c t  t o  s u r f a c t a n t s ,  a n i o n i c  s u r f a c t a n t  

such as sodium l a u r y l  s u l f a t e  (NaLS) in c re a s e s  th e  g r a f t  

y i e l d .  The g r a f t  i s  promoted in  forms o f  m i c e l l e s  o f  NaLS, 

and th e  s u l f a t e  ions  from th e  Gouy-Chapman d o ub le  l a y e r .  

The en tan g lem e n t  o f  th e se  m i c e l l e s  w i t h  s i l k  f i b r e s  

f a c i l i t a t e s  th e  f o r m a t i o n  o f  charge t r a n s f e r  complex w i t h  

the  i n i t i a t o r .  The c o n c e n t r a t i o n  o f  th e  i n i t i a t o r  i s  

in c re a s e d  in  th e  v i c i n i t y  o f  th e  f i b r e  which enhances th e  

f r e e  r a d i c a l  f o r m a t i o n  on th e  s i l k  backbone, r e s u l t i n g  in

an in c re a s e d  g r a f t  y i e l d  [43 .
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2 . 7  CHARACTERIZATION OF GRAFT COPOLYMER

The c h a r a c t e r i z a t i o n  te c h n iq u e s  a p p l i c a b l e  t o  

homopolymers and random copo lymers  a re  g e n e r a l l y  

a p p l i c a b l e  t o  g r a f t  co p o lym e rs .  However, i t  must be 

assumed t h a t  th e  p r o d u c ts  o f  in te n d e d  g r a f t  

c o p o l y m e r i z a t i o n  are  m ix tu r e s  o f  g r a f t  copo lym er ,  

u n re a c te d  backbone, and homopolymer o f  th e  g r a f t .  

Sometimes c a r e f u l  a n a l y s i s  r e v e a l s  o n ly  m ix tu r e s  o f  

homopolymers. The f i r s t  s te p  in  th e  c h a r a c t e r i z a t i o n  o f  a 

g r a f t  copo lymer  i s  th e  d e t e r m in a t i o n  o f  whe the r  any g r a f t  

c o p o l y m e r i z a t i o n  has o c c u r re d .

C h a r a c t e r i z a t i o n  o f  s u r f a c e - g r a f t e d  copo lym ers  on 

f i b r e s ,  f i l m s ,  and p l a s t i c s  i s  d i f f i c u l t  s in c e  th e  y i e l d  

o f  g r a f t  copo lymer  i s  u s u a l l y  v e ry  s m a l l .  However, methods 

such as a t t e n u a t e d  t o t a l  r e f l e c t a n c e  (ATR), IR o r  X-RAY w i l l  

p o s s i b l y  re n d e r  th e  d e t e c t i o n  o f  g r a f t i n g  r e a c t i o n  19 ,253.

2 . 8  L ITERATURE SURVEY

G r a f t  c o p o l y m e r i z a t i o n  on to  f i b r e s ,  i . e . ,  s i l k ,  

woo l ,  c e l l u l o s e ,  j u t e ,  ra yon ,  e t c . ,  p r o v id e s  an e f f e c t i v e  

means o f  im p ro v in g  th e  f i b r e  p r o p e r t i e s  w i t h  minimum 

d e g r a d a t io n  o f  th e  base po lym er .  Much i n t e r e s t  has been 

focused  on v i n y l  g r a f t  c o p o l y m e r i z a t i o n  o f  f i b r e s  th ro u g h
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chem ica l  i n i t i a t i o n  by redox  sys tems,  because i t  p r o v id e s  

minimum d e g r a d a t io n  o f  th e  base po lym er  compared w i t h  o t h e r  

te c h n iq u e s  such as r a d i a t i o n  g r a f t  c o p o l y m e r i z a t i o n .  

Recent works on th e  s tu d y  o f  th e  g r a f t  c o p o l y m e r i z a t i o n  o f  

f i b r e s  th r o u g h  i n i t i a t i o n  by redox  systems a re  l i s t e d  be low .

E. G. K a s tn in g  e t  a l .  โ153 found  t h a t  me ta l  c h e la te s  

can be used as i n i t i a t o r s  i n  th e  p o l y m e r i z a t i o n  o f  v i n y l  

compounds. c h e la te s  o f  manganese( I I I ) and C o ( I I I )  a c e t y l -  

a c e to n a te  a re  most e f f e c t i v e .  There i s  some ev id ence  

i n d i c a t i n g  t h a t  th e  p o l y m e r i z a t i o n  ta ke s  p la c e  v i a  a f r e e -  

r a d i c a l  mechanism. The c e n t r a l  m e ta l  atom a f f e c t s  the  

s t e r i c  c o n f i g u r a t i o n  o f  th e  po lym er  c h a in .

c. H. Bamford and D. J .  L in d  C161 have found  t h a t  

t.0 p o ly m e r i z e  m e thy l  m e t h a c r y la t e  a t  80°c  in  th e  

presence o f  a number o f  a c e t y l a c e t o n a t e s , a t  c o n c e n t r a t i o n  

o f  th e  o r d e r  o f  10~3 mole-1 1, manganese( 111) a c e t y l -  

a c e to n a te  (Mn(acac) 3 ) i s  an a c t i v e  i n i t i a t o r ,  N i ( .a c a c )2 

V ( a c a c ) 3 and C r ( a c a c ) 3 a re  weak i n i t i a t o r s  and t h a t  

C o (a c a c )3 , T iO ( a c a c ) 2 and P b ( a c a c ) 2 are  c o m p le te l y  

i n a c t i v e  under  the se  c o n d i t i o n s .

c .  H. Bamford e t  a l .  [181 has s t u d i e d  the  

i n i t i a t i o n  o f  v i n y l  p o l y m e r i z a t i o n  by manganese( 111) a c e t y l -  

a c e to n a te  (Mn(acac).3) and manganic 1 , 1 , 1 - t r i f l u o r o a c e t y 1-



a c e to n a te  ( Mn( f a c a c » 3 ).  In  a l L cases,  th e  p o l y m e r i z a t i o n  

in v o lv e s  a f r e e - r a d i c a l  i n t e r m e d i a t e .  M n < fa cac )3 r a p i d l y  

i n i t i a t e s  p o l y m e r i z a t i o n  o f  th o se  monomers wh ich  p o ly m e r iz e  

r e a d i l y  a n i o n i c a l l y ,  e .g .  m e thy l  m e th a c r y la t e  and 

a c r y l o n i t r i l e ,  bu t  M n ( fa c a c ) 3 i s  v e ry  much le ss  e f f e c t i v e  

w i t h  o t h e r  monomers such as s t y r e n e  and v i n y l  a c e t a t e .  

A mechanism i s  proposed in  wh ich  h e t e r o l y t i c  f i s s i o n  o f  an 

Mn-0 bond i s  f o l l o w e d  by a d d i t i o n  o f  th e  monomer t o  th e  

a n io n ;  th e  r e s u l t i n g  monomer an ion  then  ' p a r t i c i p a t e s  in  

e l e c t r o n  t r a n s f e r  w i t h  th e  Mn( I I I ) atom fo r m in g  M n ( I I )  and 

a f r e e  r a d i c a l  which i s  th e  i n i t i a t i n g  s p e c ie s .

T. o t s u ,  N. M in a m i i , and Y. N is h ik a w a  C18D have

r e p o r t e d  M n (aca c )3 t o  be th e be s t  i n i t i a t o r  in th e

h o m o p o ly m e r iz a t io n  o f  v i n y l  monomers such as s t y r e n e ,  m e thy l  

m e t h a c r y la t e ,  a c r y l o n i t r i l e ,  v i n y l  a c e t a t e  and v i n y l  

c h l o r i d e ,  w h i l e  C o (a c a c )3 , M n (a ca c )2 , C u (a c a c )2 , and 

C r ( a c a c ) 3 showed moderate a c t i v i t y  f o r  th e  po lym er  xzat. ion  o f  

MMA a t  60°(1. The a d d i t i o n  o f  some a d d i t i v e s  such as ha logen 

compounds d i d  n o t  a c c e l e r a t e  th e  p o l y m e r i z a t i o n  o f  MMA by 

M n (aca c )3 . The i n i t i a t i o n  mechanism o f  v i n y l  p o l y m e r i z a t i o n  

by M e (aca c )x was s t u d i e d  on the  b a s is  o f  th e  complex 

f o r m a t i o n  w i t h  th e  monomer.

R. K. Samal e t  a l .  C7I has s t u d i e d  th e  g r a f t

c o p o l y m e r i z a t i o n  o f  m e thy l  m e t h a c r y la t e  on to  s i l k  f i b r e s
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i n  aqueous s o l u t i o n  u s in g  M n ( I I I )  a c e t y l a c e t o n a t e  as 

i n i t i a t o r .  The r a t e  o f  g r a f t i n g  was d e te rm in e d  by v a r y in g  

monomer, a c i d i t y  o f  medium, te m p e ra tu re  and r e a c t i o n  medium. 

The g r a f t  y i e l d  in c re a s e s  s i g n i f i c a n t l y  w i t h  an i n c re a s e  o f  

M n (a ca c )3 c o n c e n t r a t i o n  up t o  0 .01 mole-1  1, b u t  w i t h  

f u r t h e r  in c re a s e s  o f  M n (a c a c )3 th e  g r a f t  y i e l d  d e c rea ses .  

The in c re a s e  in  monomer c o n c e n t r a t i o n  t o  0 .045 mole-1 1 

b r i n g s  about  a s i g n i f i c a n t  enhancement in  th e  g r a f t  y i e l d ,  

and w i t h  f u r t h e r  i n c re a s e  in  th e  monomer c o n c e n t r a t i o n  the  

g r a f t  y i e l d  d e c rea ses .  The r a t e  o f  r e a c t i o n  i s  te m p e ra tu re  

dependen t ;  w i t h  i n c r e a s i n g  te m p e r a tu re  up t o  5 0 ° c ,  th e  

g r a f t  y i e l d  i n c r e a s e s ,  and w i t h  f u r t h e r  in c re a s e  in  

te m p e ra tu re  th e  g r a f t  y i e l d  d e c rea ses .  Among th e  s o l v e n t  

c o m p o s i t io n  s t u d ie d ,  a w a t e r / s o l v e n t  m ix t u r e  c o n t a i n i n g  

10% o f  th e  s o l v e n t  seems t o  c o n s t i t u t e  th e  most f a v o u r a b le  

medium f o r  g r a f t i n g ;  w i t h  f u r t h e r  i n c re a s e  in  s o l v e n t  

c o m p o s i t i o n ,  the  g r a f t  y i e l d  de c reases .

ร. P a u l r a ja n  e t  a l . 151 have r e p o r t e d  t h e i r  f i n d i n g  

on th e  k i n e t i c s  o f  p o l y m e r i z a t i o n  o f  a n o n -c o n ju g a te d  

d i v i n y l  monomer, N ,N ’ -m e th y 1e n e b i s a c r y 1 amide, w i t h  a C e ' v -  

t h i o u r e a  redox  i n i t i a t i n g  system th ro u g h  c y c l o p o l y m e r i z a t i o n  

mechanism which y i e l d e d  s o l u b l e ,  g e l - f r e e  p o lym e rs .

ร. Samal and G. Sahu 1211 have s t u d i e d  the  g r a f t  

c o p o l y m e r i z a t i o n  o f  m e thy l  m e t h a c r y la t e  on to  m u lb e r r y  s i l k

I ใ ๆ  % 3, q  b  h 1
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f i b r e s  in  aqueous s o i u t i o n  u s in g  M n (a ca c )3 as i n i t i a t o r .  

P e r c h l o r i c  a c id  was found  t o  c a t a l y z e  th e  r e a c t i o n .  The 

r a t e  o f  g r a f t i n g  was i n v e s t i g a t e d  by v a r y in g  th e  c o n c e n t r a 

t i o n  o f  th e  monomer and th e  complex, a c i d i t y  o f  th e  medium, 

th e  s o l v e n t  c o m p o s i t io n  o f  th e  r e a c t i o n  medium, th e  

s u r f a c t a n t  and th e  i n h i b i t o r s .  The g r a f t  y i e l d  in c re a s e s  

w i t h  i n c r e a s in g  c o n c e n t r a t i o n  o f  Mn ( acac ) 3 up t. 0  0.01 

mole-1 1, d e c re a s in g  t h e r e a f t e r .  In c re a s e s  o f  MMA concen

t r a t i o n  up t o  0 . 5 6  mole-1 1 in c re a s e  g r a f t  y i e l d  and 

t h e r e a f t e r  i t  dec rea ses .  Among th e  v a r i o u s  monomers s t u d i e d  

( i . e . ,  MMA, MA, EA, AN and AA), MMA was found  t o  be most 

s u i t a b l e  f o r  g r a f t i n g .  G r a f t i n g  in c re a s e s  up t o  7 . 5  X 10 3 

mole-1 1 o f  HClO^ c o n c e n t r a t i o n ,  and t h e r e a f t e r  i t  d e c rea ses .

K. c .  Gupta and ร. K. Gupta C4J have i n v e s t i g a t e d  

th e  g r a f t  o f  N ,N ’ - m e th y le n e b i s a c r y la m id e  ( N ,N’ -M BA )

on to  m u lb e r r y  s i l k  f i b r e s  u s in g  van ady l  a c e t y l a c e t o n a t e  

(V O (a ca c )2 ) complex under i n e r t  a tmosphere a t  5 0 ° c .  The 

e f f e c t  o f  v a r io u s  v a r i a b l e s  l i k e  th e  c o n c e n t r a t i o n  o f  

N ,N ’ -MBA and VO (acac)2 , the  a c i d i t y  o f  th e  medium and th e  

s u r f a c t a n t s  on th e  p e rce n ta g e  g r a f t i n g  have been 

i n v e s t i g a t e d .  The g r a f t  y i e l d  i n c re a s e d  up t o

7 . 5  x i o  3 mole-1 1 o f  V O (aca c ) ,  c o n c e n t r a t i o n  b u t  t h e r e a f t e r  

i t  dec reased .  The h ig h e r  r a t e  o f  r a d i c a l  f o r m a t i o n  has been 

e x p la in e d  as be ing  due t . 0  t h e  c o o r d i n a t i o n  o f  ฃ- e l e c t r o n  o f

th e  N ,N ’ -MBA w i t h  th e  m e ta l  c h e la t e  wh ich  has a s s i s t e d  in
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th e  c lea vage  o f  M-0 bond t o  g e n e ra te  th e  r a d i c a l  e a s i l y .  

An in c re a s e  o f  N ,N ’ -MBA c o n c e n t r a t i o n  up t o  10.0 X 10-3 

mole-1 1 in c re a s e s  g r a f t  y i e l d ,  and t h e r e a f t e r  i t  d e c rea ses .  

A p l a u s i b l e  mechanism f o r  g r a f t  c o p o l y m e r i z a t i o n  i n v o l v i n g  

c y c l i z a t i o n  o f  N, N’ -MBA p r i o r  t o  th e  g r a f t i n g  has been 

p ro p o s e d .

K. c .  Gupta, G. D. Ra ja  and K. B e h a r i  โ25] s t u d ie d  

th e  k i n e t i c s  o f  g e l - f r e e  p o l y m e r i z a t i o n  o f  N ,N ’ -MBA by 

p e r s u l f a t e / a s c o r b i c  a c id  i n  aqueous medium. The r a t e  o f  

p o l y m e r i z a t i o n  and p e rce n ta g e  c o n v e rs io n  was d e te rm in e d .  

The h ig h e r  r a t e  o f  p o l y m e r i z a t i o n  compared t o  t h a t  o f  

a c ry la m id e  was a s c r ib e d  t o  an i n t r a - i n t e r m o l e c u l a r  

mechanism. At low monomer c o n c e n t r a t i o n ,  th e  p r o p a g a t io n  

occu rs  by i n t r a - i n t e r m o l e c u l a r  l i n e a r  p r o p a g a t io n ,  bu t  g e l  

i s  fo rmed a t  h ig h e r  c o n c e n t r a t i o n s  due t o  th e  a c t i v e  

p a r t i c i p a t i o n  o f  N ,N ’ -MBA m o le cu les  in  c r o s s l i n k i n g  o f  

g row ing  c h a in s ,  and th e  chances o f  l i n e a r  p r o p a g a t io n  

th ro u g h  th e  cha in  c y c l i z a t i o n  p rocess  are  reduced.

M. Tsukada โร ]  has i n v e s t i g a t e d  th e  s t r u c t u r a l  

c h a r a c t e r i s t i c s  o f  2 -h y d ro x y  e t h y l m e t h a c r y l a t e  (HEMA)/ 

m e th a c ry la m id e  (MAA) g r a f t e d  s i l k  f i b r e s  in  v a r io u s  

comonomer c o m p o s i t i o n s .  T h e i r  s t r u c t u r a l  c h a r a c t e r i s t i c s  

were s t u d i e d  by X - ra y  d i f f r a c t o m e t r y , d i f f e r e n t i a l  s cann ing

c a l o r i m e t r y ,  and scan n ing  e l e c t r o n  m ic ro sco p e .  HEMA/MAA-
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g r a f t e d  s i l k  f i b r e s  w i t h  a g r a f t  y i e l d  o f  about  60% 

o b ta in e d  in  a HEMA/MAA m ix t u r e  system c o n t a i n i n g  20% o f  HEMA 

and 80% o f  MAA on a w e ig h t  b a s is  showed e n d o th e rm ic  peaks a t  

280°c and 420°C; th e s e  a re  a t t r i b u t e d  t o  th e  th e rm a l  

d e c o m p o s i t io n  o f  th e  MAA and HEMA p o lym e rs ,  r e s p e c t i v e l y ,  in  

a d d i t i o n  t o  th e  th e rm a l  d e c o m p o s i t io n  peak o f  th e  s i l k  

f i b r o i n  f i b r e  which appeared a t  3 2 3 ° c .  The c r y s t a l l i n e  

s t r u c t u r e  o f  th e  HEMA/MAA-grafted s i l k  f i b r e  remained 

unchanged r e g a r d le s s  o f  th e  HEMA/MAA g r a f t i n g  r a t i o  even 

when th e  g r a f t  y i e l d  v a lu e  reached 120%.

M. Tsukada and H. s h i o z a k i  C261 a n a lyze d  the  

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

( MAN) - g r a f t e d  s i l k  f i b r e s  in  r e l a t i o n  t o  th e  w e ig h t  g a in  on 

th e  b a s is  o f  th e  r e s u l t s  o f  t e n s i l e  p r o p e r t i e s  as w e l l  

as o f  th e rm a l  a n a l y s i s  and x - r a y  d i f f r a c t o m e t r y . The 

p o l y m e r i z a t i o n  t r e a tm e n t  w i t h  MAN d i d  n o t  a f f e c t  s i g n i f i 

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

a t  b reak  o f  th e  o r i g i n a l  f i b r e s .  The th e rm a l  d e c o m p o s i t io n  

o f  th e  s i l k  f i b r o i n  s h i f t e d  t o  h ig h e r  t e m p e ra tu re  when th e  

w e ig h t  ga in  exceeded 25%, and a c o n s ta n t  v a lu e  a t  328°c 

was o b ta in e d  above a w e ig h t  g a in  o f  40%. The c r y s t a l l i n e  

s t r u c t u r e  o f  th e  s i l k  f i b r e  remained e s s e n t i a l l y  unchanged 

r e g a r d le s s  o f  MAN t r e a t m e n t .
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