
CHAPTER IV

RESULTS AND DISCUSSION

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

v i n y l  monomer  o n t o  a ny  t r u n k  p o l y m e r  i s  a l w a y s  a c c o m p a n i e d  

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

p r e s e n t  w o r k  w e r e  t h u s  c h a r a c t e r i z e d  by an I R  t e c h n i q u e .  

T h i s  i s  t o  d e t e c t  t h e  p r e s e n c e  o f  t h e  g r a f t e d  p r o d u c t s  

a f t e r  t h e  r e m o v a l  o f  h o m o p o l y m e r .

4 . 1  CHARACTERISTICS OF THE GRAFTED S I L K  F I BRES BY INFRARED 

SPECTROMETRY

The  r e s u l t s  o f  t h e  i n f r a r e d  s p e c t r a  o f  N , N ’ -MBA,  

u n g r a f t e d  s i l k  f i b r e s  and t h e  g r a f t e d  s i l k  f i b r e s  i n  t h e  

f o r m  o f  K B r  p e l l e t s  a r e  shown  i n  F i g u r e s  4 . 1 a  -  4 . 1 c .  The  

a s s i g n m e n t  i s  g i v e n  b e l o w .

Th e  I R - s p e c t r u m  o f  N , N ’ -MBA i n  F i g u r e  4 . 1 a  s h ow s  

t .he f o l l o w i n g  i m p o r t a n t  p e a k s :

W a v e n u m b e r ,  cm 1 Ass  i gnmen t .

3300  ะ N-H s t r e t c h i n g

3050 ะ C-H s t r e t c h i n g
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W a v e n u m b e r ,  cm A s s i g n m e n t

2 9 5 0 ,  2 850 : - C H 2 a s y m m e t r i c  s t r e t c h i n g

- C H 2 s y m m e t r i c  s t r e t c h i n g

1 6 6 0 ,  1620 : c = 0  s t r e t c h i n g

1540 ะ N-H b e n d i n g

1 4 1 0 ,  1380 ะ C-H b e n d i n g

1 2 3 0 ,  1120 : C-N s t r e t c h i n g

9 9 0 , 9 6 0 , 9 0 0 Z = C-H o u t - o f - p l a n e  b e n d i n g

FIGURE 4 . 1 a  I R - s p e c t r u m  o f  N , N ’ -MBA
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IGURE 4 . 1 b

W a v e n u m b e r ,  cm

I R - s p e c t r u m  o f  u n g r a f t e d  s i l k  f i b r e s

W a v e n u m b e r ,  cm

FIGURE 4 . 1 c  I R - s p e c t r u m  o f  N , N ’ -MBA g r a f t e d  s i l k  f i b r e s
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Th e  I R - s p e c t r u m o f  u n g r a f t e d  s i l k  f i b r e  i n  F i g u r e

4 . 1 b  s h ow s  t h e  f o l l o w i n g i m p o r t a n t  p e a k s :

W a v e n u m b e r ,  cm Ass  i g n m e n t

3300 : N-H s t r e t c h i n g

2831 : - C H 2 s y m m e t r i c  s t r e t c h i n g

1655 : c = 0  s t r e t c h i n g

1 5 2 7 , 1 4 6 6 , 1 4 0 6 : N-H b e n d i n g

1 2 3 2 ,  1165 : C-N s t r e t c h i n g

The  I R - s p e c t r u m  o f  N , N ’ - M B A - g r a f t e d  s i l k  f i b r e s  i n  

F i g u r e  4 . 1 c  s h ow s  t h e  f o l l o w i n g  i m p o r t a n t  p e a k s :

W a v e n u m b e r ,  cm A s s i g n m e n t

- 3300 : N-H s t r e t c h i n g

2928 : - C H e a s y m m e t r i c  s t r e t c h i n g

1657 : c = 0  s t r e t c h i n g

1 5 1 6 ,  1448 : N-H b e n d i n g

1 2 3 1 ,  1166 : C-N s t r e t c h i n g

9 9 8 ,  976 : =C-H o u t - o f - p l a n e  b e n d i n g

O b v i o u s l y ,  s e v e r a l  d i s t i n g u i s h e d  p e a k s  o b s e r v e d  i n  

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

m e r i z a t i o n  i n  w h i c h  t h e  a b s o r p t i o n  p e a k s  o f  t h e  =C-H 

o u t - o f - p l a n e  b e n d i n g  o c c u r  a t  998  cm and  976 cm as

t h e  e v i d e n c e  o f  t h e  s t a r t i n g  m a t e r i a l s  [ A p p e n d i x  D 3 .
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The  g r a f t  c o p o  

f i b r e s  i n  t h i s  r e s e a r c  

med i um u s i n g  M n ( a c a c ) 3 

was d e t e r m i n e d  b y  v a r y  

t h e  r a n g e  o f  2 . 5  X 

v a r y i n g  t h e  i n i t i a t o r  

0 . 5  X 10 3 t o  2 . 5  X 10

l y m e r i z a t  

h was i n v  

as  i n i t  

i n g  t h e  m 

1 0 ~ 3 t o  

c o n c e n t  

3 m o l e - 1

i o n  o f N , N ’ -MBA o n t o t h e  s i l k

e s t i g a t e d  u n d e r  t h e a q u e o u s

i a t o r . Th e  r a t e  o f g r a f t i n g

o n o m e r c o n c e n t r a t i o n w i t h i n

1 5 . 0 X 10 3 m o l e - 1 a n d  by

r a t  i o n s w i t h i n  t h e r a n g e  o f

-  1

A c c o r d i n g  t o  

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

a c e t y l a c e t o n a t e  comp 

a nd  s h a r a d  K.  G u p t a  

t h i s  w o r k  t h u s  k e p t  

a n d  HC10 æ a t  2 . 0  X 10 

r e s p e c t i v e l y .  Th e  r e  

t e m p e r a t u r e  a t  5 0 ° c .  

p e r c e n t a g e  g r a f t i n g  c

t h e r e s e a r c h  o f g r a f t i n g o f N, N ’ -

e o n t o ร i I k  f  i b r e s u s i n g t h e v a n a d y  1 -

l e x  i n aq u e o u s  med i um by K. c . G u p t a

1 41 ,  t h e g r a f t i n g c o p o l y mer  i z a t  i on i n

c o n s t a n t t h e  c o n c e n t r a t i ons o f NaLS

m o l e - r 1 , a nd  a t 7 . 5  X 1 0 ' 3 mo l e - r 1

a c t i o n t  i me r e q u i r e d  2h r s w i t h t h e

B a s e d on t h e s e  c o n d i t i o n s , t h e h i g h e s t

an be o b t a i n e d .

The

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

can  a f f e c t  i t s  

i n v e s t i g a t i o n s

r e a c t  i o n  

v i n g  s e v e  

i e n c y .  Th 

o f  s u c h  p a r a m e t e

g r a f  t i n g  

i n v o l  

e f  f  i c

seems t o  

r a l  v i t a l  

e f o l l o w i n g  

r s .

be  a c o m p l i c a t e d  

p a r a m e t e r s  w h i c h  

a r e  t h e  d e t a i l e d
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4 . 2  EFFECT OF CONCENTRATION OF MANGANESE ( I I I )  ACETYL-  

ACETONATE ( M n ( a c a c ) J  ON GRAFT Y I EL D

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

c o n c e n t r a t i o n s  o f  M n ( a c a c ) 0 as  an i n i t i a t o r  i s  t a b u l a t e d  

i n  T a b l e  4 . 1 .

Th e  e f f e c t  o f  t h e  c o n c e n t r a t i o n  o f  Mn ( a c a c ) 3 w i t h i n  

t h e  r a n g e  o f  0 . 5  X 10 3 t o  2 . 5  X 10 3 m o l e - 1  1 on t h e  

g r a f t i n g  o f  N , N ’ -MBA o n t o  t h e  s i l k  f i b r e s  i s  show n  i n  

F i g u r e  4 . 2 .

Due t o  t h e  c o m p l e x i t y  o f  t h e  s y s t e m ,  s t a t i s t i c a l  

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

p a r a m e t e r .

A c c o r d i n g  t o  T a b l e  4 . 2 a ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  

( r )  b e t w e e n  t h e  d a t a  o f  t h e  p e r c e n t a g e  g r a f t i n g  and t h e  

c o n c e n t r a t i o n  v a l u e s  o f  M n ( a c a c ) 3 w i t h i n  t h e  r a n g e  o f  

0 . 5  X 10 3 t o  2 . 5  X 10 3 m o l e - 1  1 was 0 . 7 1 5 0 .  I t  i n d i c a t e s  

t h a t  t h e r e  i s  a p o s s i b l e  l i n e a r - r e l a t i o n s h i p  b e t w e e n  

M n ( a c a c ) 3 c o n c e n t r a t i o n s  a n d  p e r c e n t a g e  g r a f t i n g  i n  t h e  same 

d i r e c t i o n ,  b u t  t o  c h a r a c t e r i z e  t h e  i n f l u e n c e  o f  M n ( a c a c ) 3 

c o n c e n t r a t i o n s  on t h e  p e r c e n t a g e  g r a f t i n g  i s  q u e s t i o n a b l e .

T h e r e f o r e ,  r e g r e s s i o n  a n a l y s i s  i s  n e c c e s s a r y .
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TABLE 4.1 E f fe c t  of concen t ra t ion  of Mn(acac)3 and N,N’ - 
MBA on g r a f t i n g  of N,N’ -MBA onto s i l k  f i b r e s

Run

X I  *

( mo l e - 1 1 ) 

X 1 0 ” 3

X2

( mo l e - 1 1> 
X 1 0 ” 3

XS

( m o l e -  

X 1C

1' - ,
— 3

Y 1 ๗ 
(%)

Y2

( % )

1A 0 . 5 2 . 5 5 X 0 . 5 4 . 0 0 . 0

I B 1 . 5 2 . 5 5 X 1 . 5 4 . 2 1 . 8

1C 2 . 5 2 . 5 5 X 2 . 5 7 . 2 0 . 9

2 A 0 . 5 5 . 0 5 X 0 . 5 1 . 5 0 . ‘3

2B 1 . 5 5 . 0 5 X 1 . 5 3 . 5 0 . 0

2C 2 . 5 5 . 0 5 X 2 . 5 7 . 5 5 . 3

3 A 0 . 5 7 . 5 5 X 0 . 5 5 . 3 9 . 7

3B 1 . 5 7 . 5 5 X 1 . 5 6 . 3 1 1 . 2

3C 2 . 5 7 . 5 5 X 2 . 5 5 . 8 1 3 . 7

4 A 0 . 5 1 0 . 0 5 X 0 . 5 3.  2 0 . 0

4B 1 . 5 10.  อ 5 X 1.5 2.8 1. 3
4C 2.5 10 . ว 5 X 2.5 5. 1 17.5

5 A 0.5 15. ว 5 X 0.5 2.7 0.0
5B 1.5 15. ว 5 X 1.5 5.8 25.3
5C 2.5 15 .ว 5 X 2.5 5.9 25.4

= Mn(acac)3 ; b = N,N’ -MBA; c = G la c ia l  a c e t ic  ac id 
= percentage g r a f t i n g ;  “ = percentage of homopolymer 

( ๘ and " are 2 d u p l ica te s  w i th in  10% c v  ) 

under the set c o n d i t io n  of CHClO^l = 7.5 X 10” 3 mole-1” 1, 
[NaLSl = 2.0 X 10 3 mole-1 1, temp. = 5 0 ° c  and time = 2 hrs
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FIGURE

M n ( a c a c ) 3 X 10 3 m o l e - 1

. 2  E f f e c t  o f  H n ( a c a c ) 3 c o n c e n t r a t i o n  on v a r i a t i o n  

o f  % g r a f t i n g

o 1 R = N, N ’ -MBA ะะ 2 . 5 X 1 0 - 3 m o l e - 1

♦ 2 R = N , N ’ -MBA = 5 . 0 X 1 0 - 3 m o l e - 1

a 3 R = N , N ’ -MBA = 7 . 5 X 1 0 ” 3 m o l e - 1

* 4 R ะ= N, N ’ -MBA = 1 0 . 0 X 1 0 - 3 m o l e - 1

■ 5 R = N , N ’ -MBA = 1 5 . 0 X 1 0 ' 3 m o l e - 1

( R e a c t i o n  c o n d i t i o n  ะ 50°c a n d  2 h r s  )
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TABLE 4 . 2 a  The c o r r e l a t i o n  c o e f f i c i e n t  ( r )  between va r i ab les  and p ro p e r t ie s

XI X2 Y1 Y2 Y3 Y 4 Y5 (ร) Y5 (K) Y6 (ร) Y6 ( K ) Y 7

XI 1.0000 0.0000 0.7150 0.4840 -0.4286 -0.5173 -0.0069 0.1948 -0.1551 0.1947 0.0000

X2 0.0000 1.0000 -0.0723 0.5983 -0.4786 -0.1511 -0.4287 0.0174 -0.4163 0.0190 -0.7599

Y1 0.7150 -0.0723 1.0000 0.5065 -0.1703 -0.3634 0.3883 0.0698 0.3932 0.0699 0.4523

Y2 0.4840 0.5983 0.5065 1.0000 -0.5557 -0.6532 0.1561 -0.0311 0.2082 -0.0303 -0.7510

Y3 -0.4286 -0.4786 -0.1703 -0.5557 1.0000 0.6286 0.0419 0.0842 0.0150 0.0836 0.8750

Y4 -0.5173 -0.0172 -0.3634 -0.6532 0.6286 1.0000 -0.3830 0.2249 -0.3860 0.2245 0.9277

Y5 (ร) -0.2801 -0.2629 0.3883 0.1561 0.0419 -0.3830 1.0000 - 0.9617 - 0.2186

Y5(K) 0.1948 0.0174 0.0698 -0.0311 0.0842 0.2249 - 1.0000 - 1.0000 0.6957

Y6! ร) 0.3509 -0.1499 0.3932 0.2082 0.0150 -0.3860 0.9617 - 1.0000 - 0.0960

V 6 ( K > 0.1947 0.0190 0.0699 -0.0303 0.0836 0.2245 - 1.0000 - 1.0000 0.6955

Y7 0.0000 -0.7559 0.4523 -0.7510 0.8750 0.9277 0.2186 0.6957 0.0960 0.6955 1.0000

1 - t a i l e d  s i g n i f . :  * - .01  4* - .005

where: XI = Manganese ( I I I )  acety lacetonate

X2 = M, N’ -ae thy leneb isacry lamide

VI = percentage g r a f t i n g

Y2 - percentage o f  homopolyner

Y3 = t e n s i l e  s t r en g th

Y4 = percentage e longat ion

Y5 = q u a n t i t y  of  d y e s tu f f  f i x e d  on s i l k  f i b r e s :  (ร) = Supranol ,  (K) = Kayacyl

Y6 = percentage exhaust ion:  (ร) = Supranol ,  (K) = Kayacyl

Y7 = thermal  decomposi t ion temperature

wherever t h i s  shows, c o r r e l a t i o n  is not taken i n t o  account



TABLE 4 .2 b  M u l t i p l e  r e g r e s s io n  between v a r i a b l e s  and p r o p e r t i e s

D ep en de n t

v a r i a b l e s

I n d e p e n d e n t

v a r i a b l e s

R e s u l t C o n c l u s i o n

Y1 XI s i g  F = 0 .0 0 2 7 -  XI  i s  h i g h l y

F = 1 3 . 5 9 9 6  • s i g n i f i c a n t  t o  Y1

Y2 X I s i g  F = 0 .0 6 7 6

F = 3 .9 7 6 0 9

Y 3 XI s i g  F = 0 . 1 1 1 0

F = 2 .9 2 4 9 0

Y4 XI s i g  F = 0 .0 4 8 3 -  X I  i s  s i g n i f i c a n t

F = 4 . 7 5 1 1 0 t o  Y4

Y5 XI s i g  F = 0 . 3 1 1 9

( S u p r a n o l ) F = 1 .1 0 7 0 4

Y6 XI s i g  F = 0 . 1 9 9 6

( S u p r a n o l ) F = 1 .8 2 6 0 3

Y5 XI s i g  F = 0 . 4 8 6 6

( K a y a c y l ) F = 0 . 5 1 2 7 4

Y 6 XI s i g  F = 0 .4 8 6 8

( K a y a c y l ) F = 0 . 5 1 2 2 8

Y7 XI F i s  u n d e f i n e d



TABLE 4 .2 b  (c o n t in u e d .)

D ep en de n t

v a r i a b l e s

I n d e p e n d e n t

v a r i a b l e s

R e s u l t C o n c l u s i o n

Y1 X2 s i g  F = 0 .7 9 8 0

F = 0 . 0 6 8 2 5

Y2 X2 s i g  F = 0 . 0 1 8 5 -  X2 i s  s i g n i f i c a n t

F = 7 . 2 4 9 7 2 t o  Y2

Y3 X2 s i g  F = 0 . 0 7 1 1

F = 3 .8 6 2 8 1

Y4 X2 s i g  F = 0 .7 0 3 7

F = 0 . 1 5 1 2 3

Y 5 X2 s i g  F = 0 . 3 4 3 9

( S u p r a n o l ) F = 0 . 9 6 4 9 6

Y6 X2 s i g  F = 0 . 5 9 3 9

( S u p r a n o l ) F = 0 .2 9 8 8 1

Y5 X2 s i g  F = 0 . 9 5 1 0

( K a y a c y l ) F = 0 . 0 0 3 9 2

Y6 X2 s i g  F = 0 .9 4 6 3

( K a y a c y l ) F = 0 .0 0 4 7 1

Y7 X2 s i g  F = 0 . 4 5 4 4

F = 1 .3 3 3 3 3



TABLE 4 .2 b  ( c o n t in u e d )

Dep enden t

v a r i a b l e s

I n d e p e n d e n t

v a r i a b l e s

R e s u l t C o n c l u s i o n

Y1 X I ,  X2 s i g  F = 0 .0 1 2 8 -  X I  and X2 a r e

F = 6 .4 0 9 5 1 s i g n i f i c a n t  t o  Y1

Y 2 X I , X 2 s i g  F = 0 . 0 0 4 6 -  X I  and X2 a r e  h i g h l y

F = 8 . 7 1 4 2 8 s i g n i f i c a n t  t o  Y2

Y3 X I , X 2 s i g  F = 0 . 0 4 1 0 -  XI  and X2 a r e

F = 4 . 2 1 6 9 6 s i g n i f i c a n t  t o  Y3

Y4 X I , X 2 s i g  F = 0 . 1 4 0 3

F = 2 .3 2 35 1

Y5 X I , X 2 s i g  F = 0 .3 8 3 7

( S u p r a n o l ) F = 1 .0 3 8 7 3

Y6 X I , X 2 s i g  F = 0 .3 8 8 9

( S u p r a n o l ) F = 1 .0 2 2 7 4

Y 5 X I , X 2 s i g  F = 0 . 7 9 1 4

( K a y a c y l ) F = 0 . 2 3 8 6 0

Y6 X I , X 2 s i g  F = 0 .7 9 1 2

( K a y a c y l ) F = 0 . 2 3 8 7 8

Y7 X I ,  X2 F i s  u n d e f i n e d



TABLE 4 .2 b  ( c o n t in u e d )

D ep en d e n t

v a r i a b l e s

I n d e p e n d e n t

v a r i a b l e s

R e s u l t C o n c l u s i o n

Y3 Y1 s i g  F = 0 . 5 4 4 0

F = 0 . 3 8 8 1 9

Y4 Y1 s i g  F = 0 . 1 8 3 0

F = 1 .9 7 8 2 1

Y5 Y1 s i g  F = 0 . 1 5 2 6

( S u p r a n o l ) F = 2 .3 0 8 7 7

■ Y 6 Y1 s i g  F = 0 .1 4 71

( S u p r a n o l ) F = 2 .3 7 7 7 7

Y5 Y1 s i g  F = 0 .8 0 4 8

( K a y a c y l ) F = 0 . 0 6 3 6 0

Y6 Y1 s i g  F = 0 .8 0 4 5

( K a y a c y l ) F = 0 . 0 6 3 8 2

Y7 Y1 s i g  F = 0 .7 0 1 2

F = 0 . 2 5 7 2 3
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TABLE 4 .2 b  (c o n t in u e d .)

D ep en de n t

v a r i a b l e s

I n d e p e n d e n t

v a r i a b l e s

R e s u l t C o n c l u s i o n

Y 3 Y2 s i g  F = 0 . 0 3 1 5 -  Y2 i s  s i g n i f i c a n t

F = 5 .8 0 7 2 8 t o  Y3

Y4 Y2 s i g  F = 0 . 0 0 8 3 -  Y2 i s  h i g h l y

F = 9 . 6 7 2 6 7 s i g n i f i c a n t  t o  Y4

Y5 Y2 s i g  F = 0 .1 5 2 6

( S u p r a n o l ) F = 0 . 3 2 4 8 4

Y6 Y2 s i g  F = 0 .4 5 6 5

( S u p r a n o l ) F =ะ 0 . 5 8 9 1 3

Y5 Y2 s i g  F = 0 .9 1 2 4

( K a y a c y l  ) F = 0 .0 1 2 5 8

Y6 Y2 s i g  F = 0 . 9 1 4 5

( K a y a c y l ) F = 1 .2 9 3 2 4

Y7 Y2 s i g  F =ะ 0 . 7 0 1 2

F = 0 . 2 5 7 2 3
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TABLE 4 . 2 b  ( c o n t i n u e d )

Dependent

v a r i a b l e s

Independent

v a r i a b l e s

R esu l t Conclus ion

Y3 Y1,Y2 s ig  F = 0.0942

F = 5.80728

Y4 Y1,Y2 s ig  F = 0.0350 -  Y1 and Y2 are

F = 4.49041 s i g n i f i c a n t  t o  Y4

Y5 Y1, Y 2 s ig  F = 0.3692

(Suprano l) F = 1.08406

Y6 Y1,Y2 s ig  F = 0.3647 -

(S u p r a n o l ) F = 1.09835

Y5 Y1,Y2 s i g  F = 0.9369

(Kayacy l ) F = 0.06555

Y 6 Y1,Y2 s ig  F = 0.9375

(Kayacy l ) F = 0.06488

Y7 Y1,Y2 F i s  unde f ined

where: XI = Mn(acac)3 X2 = N ,N’ -MBA

Y1 = percen tage g r a f t i n g  Y2 = percen tage o f  homopolymer

Y3 = t e n s i l e  s t r e n g t h  Y4 = percen tage e lo n g a t i o n

Y5 = q u a n t i t y  o f  d y e s t u f f  f i x e d  on s i l k  f i b r e s

(ร = Suprano l ,  K = Kayacyl )

Y6 = percen tage  exhaus t ion  Y7 = the rm a l  decompos i t ion  temp.
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Th e  r e s u l t  f r o m  T a b l e  4 . 2 b  s h o w s  t h a t  t h e  p e r c e n t a g e  

g r a f t i n g  d a t a  a n d  t h e  M n ( a c a c ) 3 c o n c e n t r a t i o n  v a l u e s  h a v e  

a r e l a t i o n s h i p  w i t h  t h e  s i g n i f i c a n t  F o f  0 . 0 0 2 7  [ A p p e n d i x  C l .  

T h u s ,  t h e  i n c r e a s e  i n  i n i t i a t o r  c o n c e n t r a t i o n s  w i t h i n  

t h e  r a n g e  o f  0 . 5  X 10 3 t o  2 . 5  X 10 3 m o l e - 1 - * l e a d s  t h e  

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

s u p p o r t s  t h e  e x p l a n a t i o n  p o i n t e d  o u t  b y  A r n e t t  a nd

M e n d e l s o h n  [ 1 4 1 .  A t  t h e  i n i t i a l  s t a g e s ,  t h e  i n i t i a t o n  

m e c h a n i s m  o f  M n ( a c a c ) 3 i s  c o n s i d e r e d  t o  o c c u r  t h r o u g h  

h o m o l y s i s  o f  t h e  m e t a l - o x y g e n  b o n d s  as  s hown  i n  e q u a t i o n  4 . 1 .

Mn(acac) 2 ------------- (4 .  1)

o t s u  e t  a l .  [ 1 6 1  s u g g e s t e d  f u r t h e r  t h a t  t h e  monomer  

m o l e c u l e  p a r t i c i p a t e s  i n  t h e  h o m o l y s i s  o f  M n ( a c a c ) 3 , i . e . ,  

i n  t h e  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 t e p :

M n t a c a c ) 3 + M ~~ [M > M n ( a c a c ) 3 l

^ a c a c ) - M *  + M n ( a c a c )

CHo

> =0No 'Mn( acac) ,

CH^

QH3

-» qk  Î.__ •
' v<c — Ô

<

2 ( 4 . 2 )
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A c c o r d i n g l y ,  i t  c a n  be  c o n c l u d e d  t h a t  t h e  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  u s i n g  M n ( a c a c ) 3 as  i n i t i a t o r  

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

h o m o l y s i s  o f  t h e  m e t a l - o x y g e n  b o n d  i n  t h e  M n ( a c a c ) 3 i n  o r d e r  

t o  r e s u l t  i n  an i n i t i a t i n g  r a d i c a l .

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

t h e  a c t i v e  g r o u p s  on t h e  s i l k  b a c k b o n e ,  t h e  c h e l a t e  a nd  t h e  

mo n om e r .  H e n ce  t h e  c o n c e n t r a t i o n s  o f  t h e  c h e l a t e  a nd  t h e  

monomer  i n c r e a s i n g l y  g a t h e r  i n  t h e  v i c i n i t y  o f  t h e  f i b r e s  

m a t r i x ;  t h i s  t h u s  a s s i s t s  i n  t h e  h o m o l y s i s  o f  t h e  m e t a l -  

o x y g e n  b o n d  f o r m i n g  t h e  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  ( R ‘ ) 

as  shown  i n  e q u a t i o n  4 . 4 .

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

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

p a r t i c u l a r  e x p e r i m e n t .

4 . 3  EFFEC T OF N, N ’ -M BA  CONCENTRATION ON GRAFT Y IE L D

Th e  r e s u l t  o f  t h e  p e r c e n t a g e  

v a r i o u s  c o n c e n t r a t i o n s  o f  N, N ’ -MBA 

i n  T a b l e  4 . 1 .

g r a f t i n g  

as  monomer

f o r m e d  w i t h  

i s  t a b u l a t e d

The  e f f e c t  

t h e  r a n g e  o f  2 . 5  

g r a f t i n g  o n t o  s i l k

o f  t h e  c o n c e n t r a t i o n  

X 1 0 - 3  t o  1 5 . 0  X 10 

f  i b r e s  i s  s hown  i n

o f  N , N ’ -MBA w i t h i n  

m o l e - 1  1 on t h e  

F i g u r e  4 . 3 .
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F IG U R E 4 . 3  E f f e c t  o f  N , N ’ -MBA c o n c e n t r a t i o n  on v a r i a t i o n  

o f  % g r a f t i n g

a 1 R = M n ( a c a c ) 3 = 0 . 5  X 10 m o l e - 1

♦ 2  R = M n ( a c a c ) 3 = 1 . 5  X 10 3 m o l e - 1

ท 3 R = M n ( a c a c ) 3 = 2 . 5  X 1 0 ~ 3 m o l e - 1

( R e a c t i o n  c o n d i t i o n  ะ 50 c  a n d  2 h r s  )
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A c c o r d i n g  t o  T a b l e  4 . 2 a ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  

( r )  b e t w e e n  t h e  d a t a  o f  t h e  p e r c e n t a g e  g r a f t i n g  a n d  t h e  

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

t r a t i o n s  o f  N,  N ’ -MBA w i t h i n  t h e  r a n g e  o f  2 . 5  X 10 3 t o  1 5 . 0  

X 10 3 m o l e - 1  1 was - 0 . 0 7 2 3 .  T h i s  i n d i c a t e s  t h a t  t h e r e  i s  

no  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  N , N ’ -MBA c o n c e n t r a t i o n  

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

r e g r e s s i o n  m e t h o d  was u s e d  t o  a n a l y z e  t h e  r e l a t i o n s h i p  

b e t w e e n  t h e s e  d a t a .

The  r e s u l t  f r o m  T a b l e  4 . 2 b  s h ow s  t h a t  t h e  p e r c e n t a g e  

g r a f t i n g  d a t a  a nd  t h e  N , N ’ -MBA c o n c e n t r a t i o n s  v a l u e s  h a v e  no 

r e l a t i o n s h i p  w i t h  t h e  s i g n i f i c a n t  F o f  0 . 7 9 8 0  [ A p p e n d i x  C l .  

T h u s ,  t h e  u s e  o f  N , N ’ -MBA may be  l e s s  a p p r o p i a t e  as  g r a f t i n g  

p o l y m e r s  f o r  t h e  s i l k  u n d e r  t h i s  c o n d i t i o n ;  t h i s  may be 

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

r i g i d i t y  o f  t h e  f i b r e s .

4 . 4  EFFEC T OF CONCENTRATION OF MANGANESE ( I I I )  A C E T Y L-  

ACETONATE ( M n ( a c a c ) J  ON PERCENTAGE OF HOMOPOLYMER

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

c o n c e n t r a t i o n s  o f  M n ( a c a c ) 3 as i n i t i a t o r  i s  s h ow n  i n  

T a b l e  4 . 1 .

The  e f f e c t  o f  t h e  c o n c e n t r a t i o n  o f  M n ( a c a c ) 3 on 

p e r c e n t a g e  o f  h o m o p o l y m e r  i s  shown  a l s o  i n  F i g u r e  4 . 4 .
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F IG U R E

M n (a ca c )3 X 10 mole-1

. 4  E f f e c t  o f  M n ( a c a c ) 3 c o n c e n t r a t i o n  on v a r i a t i o n  

o f  % h o m o p o l y m e r

□ 1 R = N , N ’ -MBA = 2 . 5  X l o ” 3 m o l e - 1 ” 1

♦ 2 R = N , N ’ -MBA = 5 . 0  X 1 0 ” 3 m o l e - 1 ” 1

n 3 R = N , N ’ -MBA = 7 . 5  X 1 0 “ 3 m o l e - 1 ” 1

« 4 R = N , N ’ -MBA = 1 0 . 0  X l o ” 3 m o l e - 1 ” 1

■ 5 R = N , N ’ -MBA = 1 5 . 0  X l o ” 3 m o l e - 1 ” 1

( R e a c t i o n  c o n d i t i o n  ะ 5 0 ° c  a n d  2 h r s  )
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A c c o r d i n g  t o  T a b l e  4 . 2 a ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  

( r )  b e t w e e n  t h e  p e r c e n t a g e  o f  h o m o p o l y m e r  d a t a  a n d  t h e  

c o n c e n t r a t i o n  o f  M n ( a c a c ) 3 w i t h i n  t h e  r a n g e  o f  0 . 5  X 1 0 ~ 3 t o

2 . 5  X 10 3 m o l e - 1  1 was 0 . 4 8 4 0 .  T h i s  i n d i c a t e s  t h a t  t h e r e  

i s  no  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  M n ( a c a c ) 3 c o n c e n t r a ­

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

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

a n a l y z e  t h e  r e l a t i o n s h i p  b e t w e e n  t h e s e  d a t a .

The  r e s u l t  f r o m  T a b l e  4 . 2 b ,  s h ow s  t h a t  t h e  p e r c e n t a g e  

o f  h o m o p o l y m e r  d a t a  a n d  t h e  M n ( a c a c ) 3 c o n c e n t r a t i o n  v a l u e s  

a r e  i n d e p e n d e n t  w i t h  t h e  s i g n i f i c a n t  F o f  0 . 0 6 7 6  [ A p p e n d i x  C i .

As m e n t i o n e d  a b o v e ,  t h e  i n c r e a s e  i n  i n i t i a t o r  

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

p e r c e n t a g e  g r a f t i n g .  H o w e v e r ,  i t  s h o u l d  be  n o t e d  t h a t  u n d e r  

t h e  a c i d  m e d i u m ,  t h e  M n ( a c a c ) 3 p o s s i b l y  d i s s o c i a t e s  t o  g i v e  

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

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

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

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

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

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

a t  a p p r o p r i a t e  c o n c e n t r a t i o n s .



76

4 . 5  EFFECT OF N, N* - MBA CONCENTRATION ON PERCENTAGE OF 

HOMOPOLYMER

Th e  r e s u l t s  o f  

v a r i o u s  c o n c e n t r a t i o n s  

i n  T a b l e  4 . 1 .

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

o f  N , N ’ -MBA as monomer  a r e  t a b u l a t e d

The

p e r c e n t a g e  o f

e f f e c t  o f  t h e  

h o m o p o l y m e r i s

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

s hown  i n  F i g u r e

N , N ’ -MBA 

4.5 .
on t h e

s t a t  i s t  i c a l  

p a r a m e t e r .

m e t h o d s w e r e u s e d  t o  a n a l y z e  t h e

A c c o r d i n  

( r )  b e t w e e n  t h e  

t i o n  v a l u e s  o f  

2 . 5  X 10 3 m o l e -  

no l i n e a r  r e l a t  

v a l u e s  a n d  t h e  

m u l t i p l e  r e g r e s  

p o t e n t i a l  r e l a t i

g t o  T a b l e  4 . 2 a ,  t h e  c o r r e  

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

N , N ’ -MBA w i t h i n  t h e  r a n g e  

1 1 was 0 . 5 9 8 3 .  T h i s  i n d i  

i o n s h i p  b e t w e e n  t h e  N , N ’ 

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

s i o n  m e t h o d  was a l s o  น 

o n s h i p  among t h e s e  d a t a .

l a t i o n  co e f f  
d a t a  and cone 

of 0 .5  X 10 
c a t e s  t h a t  t h  
-MBA concent  
omopolymer. 
sed to  a n a l y

i c i e n t  

e n t r a -  

~ 3 t o  

e r e  i s  

r a t i o n  

A g a i n , 

z e  t h e

From T a b l e  4 . 2 b ,  t h e  r e s u l t  i m p l i e s  t h a t  t h e  

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

N , N ’ -MBA c o n c e n t r a t i o n s  w i t h  t h e  s i g n i f i c a n t  F o f  0 . 0 1 8 5

C A p p e n d i x  C l . T h u s ,  t h e  i n c r e a s e  i n  monomer  c o n c e n t r a t i o n s



FIGURE . 5 E f f e c t  o f  N , N ’ -MBA 

o f  % h o m o p o l y m e r  

□ 1 R = M n ( a c a c ) 3 = 

♦ 2 R = M n ( a c a c ) 3 = 

= M n ( a c a c ) „  =

c o n c e n t r a t i o n  on v a r i a t i o n

0.5 X 10 3 mole-1
1.5 X 10 3 mole-1
2.5 X 10 3 mole-1ท 3 R 3
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w i t h i n  t h e  r a n g e  o f  2 . 5  X 10 3 t o  1 5 . 0  X 10 3 r a o l e - 1  * ,  i n  

F i g u r e  4 . 5 ,  w o u l d  r e s u l t  i n  t h e  i n c r e a s e  i n  t h e  y i e l d  o f  

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

f i n d i n g  m i g h t  be  d u e  t o  t h 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 s ,  t h e  monomer  m o l e c u l e s  w h i c h  do  n o t  a s s o c i a t e  w i t h  

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

o f  l i n e a r  h o m o p o l y m e r  o f  N , N ’ -MBA.  The  i n v e s t i g a t i o n  o f  t h e  

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

a n y  t r u n k  p o l y m e r ,  e s p e c i a l l y  t h a t  n a t u r a l l y  o c c u r r i n g ,  

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

t h e  g r a f t i n g  r e a c t i o n .  Th e  e f f e c t  o f  monomer  c o n c e n t r a t i o n  

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

The  i n c r e a s e  i n  t h e  monomer  c o n c e n t r a t i o n  m o s t l y  f a v o r s  t h e  

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

l i k e l y  t o  f o r m  one  a n o t h e r  r a t h e r  t h a n  t o  g r a f t  on t h e  t r u n k  

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

e x p l a i n  t h e  r e s u l t s  C4D.
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R a d i c a l  f o r m a t i o n :

Mn( acac ) 2 + CH2= C H

c = 0

NH

CH

CH
/  %

CH=CH0'  —
I ”

------► CH — C
3 II

c -
Ï

- ch3

< f =0 0 0
NH N /

ch2------ Mn-<—— CH

- - - ( 4 . 3 )

ÇH ( a c a c ) 2 

c = 0

NH

CH
I
c = 0

NH

CH;

Ç0ï ï )2lex_I

Complex I
. /
CH

acac

L,CH 0

c = 0

CHr=CH„ + Mn(acac)

NH 

( R° )

C = 0

LNH

( 4 . 4 )

c = 0

1NH

acac

CH,

( S H = s i l k )

ÇH

c =

I
NH

t r c — 0

acac

V-

/
CH.

'CH

CH=ะCH 
1 2

------- ► 1
N°

+ CH 
1 2

(3H=CH

ç = 0
i

c =  0 (3 = 0
1

NH
( ร 0)

NH ]
1
m

\ nT1

------( 4 . 5 )

CH
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I n i t i a t i o n :

L o
• + CH ะะะะ; CH CH=CH 

2 1 1 2
ki  น 1L o

N c = 0  ç =  0 N-CHtj-CH 
1. 1

CH =๙ I
i NH NH

'N'n ,ch^ /

f c = 0

L
N „

c = 0

mi
. /
2

- - - ( 4 . 6 )

P ro p a g a tio n  ะ

-o
II o

N—»CH— CH 
2 1

CH=CH 
1 2

+ CH=CH 
2 1

CH ะ=CH 
1

II o < r °
c = 0

-O
- II o

NH
^ C H -

NH NH

X C H ^
NH

C— 0

N — CHjpCH-

NH

CH— CH-— CH-— CH CH=0T!
1 2 2 1 1 2
c = 0 C — 0 c = 0

NH NH NH

'C H ^ 0,̂ 2

( 4 . 7 )

c=0
N— (N,N* -MBA)— CH-— ÇHÇH CH=CH + ๓ 2 =  ÇH

ç =  0 ç = 0
1
C —

NH NH NH
■CH;

CH=CH,

L ,

NH
■CH

c =  0

N— ( N, N ' -MBA)  — CHir-CH C H = C H ,
!  I ‘

I < j= 0  6 = 0

NH NH

( 4 . 8 )

‘ CH;
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acac

in
น

ch= ะ ch2 + C E |=  ÇH CH=CH

Ç— 0 1 =  0 1 =  0

NH NH NH

kp

acac
1
CH
1 2
1 9
CH------- —  CH— CH^r-ÇH

ç = 0 c = 0 ç =

NH NH NH

CH= CH9
1 „ 2
c = 0

rNH

( 4 . 9 )

acac —— (N ,N ' -M B A ) r1—y- CH— CH CH=CH 9 
1 ๕!

+ CH=CH 
2 1

CH =  
1

-
0

 - 11 0 c =  0 c = 0 ç = 0

NH NH NH NH

— *  acac — (N ,N ' -M BA) — CII— ÇH CH=CH, - - - ( 4 . 1 0 )

c =  0

NH

C—O
NH

-CH;
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T e r m i n a t i o n :

( N , N ’ - M B A ) n -  N, N ’ -MBA + N, N ’ -MBA -  ( N ,  N ’ -MBA)

g r a f t e d  s i l k ( 4 . 1 1 )

N

a c a c  - ( N , N ’ - M B A ) n -  N , N ’ -MBA + N , N ’ -MBA -  ( N , N ’ - M B A ) m - a c a c

k . o

--------------------- > H o m o p o l y m e r  .................................  ( 4 . 1 2 )

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

seems t o  ' be  h i g h .  T h i s  means t h a t  t h e  v e r y  s h o r t  k i n e t i c  

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

e x i s t e n c e .  T h i s  r e s u l t s  i n  t h e  l o w e r  m o l e c u l a r  w e i g h t  o f  t h e  

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

4 . 6  T E N S ILE  STRENGTH AND PERCENTAGE ELONGATION

The  t e n s i l e  s t r e n g t h  a nd  e l o n g a t i o n  a t  b r e a k  w e r e  

m e a s u r e d  a nd  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  4 . 3 .

The  e f f e c t s  o f  p e r c e n t a g e  g r a f t i n g  a r e  shown  i n

F i g u r e s  4 . 6 a - 4 . 6 e .



T A B L E  4 . 3  E f f e c t  o f  c o n c e n t r a t i o n  o f  M n (a c a c )3 and N ,N ’ -

MBA on t e n s i l e  s t r e n g t h  and e l o n g a t i o n  o f  g r a f t e d
s i l k  f i b r e s

Run

X I  *

( m o l e - 1  1 ) 

X 1 0 ~ 3

X 2

( mo l e - 1 1 ) 

X 1 0 " 3

X 3

» mo 1e - 1 1 )

X 1 0 " 3

Y 1 d -

(%)

Y3 

( gm )

Y 4

{%)

u n g r a f t e d - - - 204 15

3 A 0 . 5 2 . 5 5 X 0 . 5 4 . 0 207 13

I B 1 . 5 2 . 5 5 X 1 . 5 4 . 2 215 13

1C 2 . 5 2 . 5 5 X 2 . 5 7 . 2 209 12

2A 0 . 5 5 . 0 5 X 0 . 5 1 . 5 209 12

2B 1 . 5 5 . 0 5 X 1 . 5 3 . 5 215 13

2C 2 . 5 5 . 0 5 X 2 . 5 7 . 5 208 13

3A 0 . 5 7 . 5 5 X 0 . 5 5 . 3 220 13

3B 1 . 5 7 . 5 5 X 1 . 5 6 . 3 211 13

3C 2 . 5 7 . 5 5 X 2 . 5 5 . 8 165 10

4 A 0 . 5 1 0 . 0 5 X 0 . 5 3 . 2 2 2 5 13

4B 1 . 5 1 0 . 0 5 X 1 . 5 2 . 8 183 13

4 c 2 . 5 1 0 . 0 5 X 2 . 5 5 . 1 208 12

5 A

LO๐

1 5 . 0 5 X 0 . 5 2 . 7 200 15

5B 1 . 5 1 5 . 0 5 X 1 . 5 5 . 8 176 12

5C 2 . 5 1 5 . 0 5 X 2 . 5 5 . 9 184 11

= M n ( a c a c ) ^ ;  b = N , N ’ -MBA;  c = G l a c i a l  a c e t i c  a c i d  

= % g r a f t i n g  “  = t e n s i l e  s t r e n g t h ;  * = p e r c e n t a g e  e l o n g a t i o n  

( d i s  2 d u p l i c a t e s ,  “  a n d  r  a r e  10 r e p l i c a t e s  w i t h i n  10% c v > 

u n d e r  t h e  s e t  c o n d i t i o n  o f  C H C l O ^ l  = 7 . 5  X 10 3 m o l e - 1  \  

f NaLSJ  = 2 . 0  X 10 3 m o l e - 1  \  t e m p .  = 5 0 ° c  and  t i m e  = 2 h r s
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A c c o r d i n g  t o  T a b l e  4 . 2 a ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  

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

s t r e n g t h  v a l u e s  was - 0 . 5 5 5 7 .  T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no 

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

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

As b e f o r e ,  m u l t i p l e  r e g r e s s i o n  m e t h o d  was a l s o  u s e d  t o  

a n a l y z e  t h e  r e l a t i o n s h i p  among t h e s e  d a t a .

From T a b l e  4 . 2 b ,  t h e  r e s u l t  i m p l i e s  t h a t  t h e  t e n s i l e  

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

h o m o p o l y m e r ,  w i t h  t h e  s i g n i f i c a n t  F o f  0 . 0 3 1 5 .  T h u s ,  t h e  

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

s t r e n g t h  t o  d e c r e a s e .  Th e  p r o b a b l e  e x p l a n a t i o n  f o r  t h i s  

f i n d i n g  m i g h t  be  d ue  t o  t h e  w a s t a g e  o f  h o m o p o l y m e r  f o r m a t i o n .  

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

d e c r e a s e s  a c c o r d i n g l y .  I t  s h o u l d  be n o t e d  t h a t  t h e s e  t w o  

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

o f  n o r m a l  g r a f t  c o p o l y m e r i z a t i o n .  The  o b t a i n e d  * r ’ v a l u e  

i m p l i e s  t h a t  t h e  t e n s i l e  s t r e n g t h  d e c r e a s e s  as  t h e  homo­

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

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

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

p r o v i d e  a n y  a d v a n t a g e s  t o  t h e  s i l k  f i b r e s .  I n s t e a d ,  i t  

u s u a l l y  i n d u c e s  g l o s s  r e d u c t i o n  a n d  p r o b l e m s  i n  d y e i n g .
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N o t e  t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  b e t w e e n  

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

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

H o w e v e r ,  t h e  p o l y n o m i a l  r e g r e s s i o n  c u r v e s  i n  F i g u r e s  4 . 6 a -  

4 . 6 d  s how  t h a t  t h e  c o n c e n t r a t i o n s  o f  M n ( a c a c ) a w i t h i n  t h e  

r a n g e  o f  0 . 5  X 1 0 - 3  -  2 . 5  X 1 0 - 3  m o l e - 1 - 1  and  N , N ’ -MBA 

c o n c e n t r a t i o n s  o f  2 . 5  X 10 - 3  -  1 0 . 0  X 1 0 - 3  m o l e - 1 - 1  as t h e  

p e r c e n t a g e  g r a f t i n g  i n c r e a s e s ,  t h e  t e n s i l e  s t r e n g t h  s l i g h t l y  

i n c r e a s e s .  H o w e v e r ,  i n  F i g u r e  4 . 6 e  sh ow s  t h a t  w i t h  t h e  

c o n c e n t r a t i o n s  o f  N , N ’ -MBA 1 5 . 0  X 1 0 - 3  m o l e - 1 - 1 , as  t h e  

p e r c e n t a g e  g r a f t i n g  i n c r e a s e s ,  t h e  t e n s i l e  s t r e n g t h  s l i g h t l y  

d e c r e a s e s .  To o  h i g h  o f  an N , N ’ -MBA c o n t e n t  on t h e  s i l k  

f i b r e s  c a u s e s  t h e  f i b r e s  t o  become t o o  r i g i d  and  

c o n s e q u e n t l y ,  t e n s i l e  s t r e n g t h  i s  r e d u c e d .

FIGURE 4 . 6 a  T e n s i l e  s t r e n g t h  o f  N , N ’ - M B A - g r a f t e d  s i l k  f i b r e s  

i n  r e l a t i o n  t o  % g r a f t i n g

C M n ( a c a c ) 3 ]  = 0 . 5  X 10 - 3  -  2 . 5  X 1 0 - 3  m o l e - 1  

U N , N ’ - MBA]  = 2 . 5  X 10 - 3  m o l e - 1 -1
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% Grafting

FIGURE 4 .6 1 ) T e n s i l e  s t r e n g t h  o f  N,  N ’ - M B A - g r a f  t  ed  s i l k  f i b r e s  

i n  r e l a t i o n  t o  % g r a f t i n g

C M n ( a c a c ) 3 ]  = 0 . 5  X 1 0 - 3  -  2 . 5  X 1 0 - 3  m o l e - 1 ” 1 

f N , N ’ - MBA]  -  5 . 0  X 1 0 ~ 3 m o l e - 1 -1

% Grafting

FIG URE 4 . 6 c  T e n s i l e  s t r e n g t h  o f  N , N ’ - M B A - g r a f t e d  s i l k  f i b r e s  

i n  r e l a t i o n  t o  % g r a f t i n g

C M n ( a c a c ) 3 J = 0 . 5  X 10 3 -  2 . 5  X 10 3 m o l e - 1  1 

i : N , N ’ - MBAI  = 7 . 5  X 1 0 - 3  m o l e - 1 - 1
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% Grafting

FIGURE 4 . 6d  T e n s i l e  s t r e n g t h  o f  N , N ’ - M B A - g r a f t e d  s i l k  f i b r e s  

i n  r e l a t i o n  t o  % g r a f t i n g

CMn( a c a c ) 3 ]  = 0 . 5  X 10 - 3  -  2 . 5  X 1 0 " 3 m o l e - 1 - 1  

C N , N ’ - MBAไ = 1 0 . 0  X 1 0 - 3  m o l e - 1 -1

FIG URE 4 . 6 e  T e n s i l e  s t r e n g t h  o f  N , N ’ - M B A - g r a f t e d  s i l k  f i b r e s  

i n  r e l a t i o n  t o  % g r a f t i n g

C M n ( a c a c ) 3 ว = 0 . 5  X 1 0 - 3  -  2 . 5  X 1 0 - 3  m o l e - 1  1 

I N , N ’ -MBA1 = 1 5 . 0  X 1 0 " 3 m o l e - 1 " 1

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e r e  i s  no s i g n i f i ­

c a n t  r e l a t i o n s h i p  between th e  i n i t i a t o r  c o n c e n t r a t i o n  and

monomer c o n c e n t r a t i o n  in  t h i s  s tudy  as r ( x 1x o r  x zx 1 = 0 ) .
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4 . 7  THERMAL PROPERTY

T he  t h e r m a l  b e h a v i o r s  o f  t h e  r e c r y s t a l l i z e d  

N, N ’ - M B A , t h e  u n g r a f t e d  s i l k  f i b r e s  and  t h e  N , N ’ - M B A - g r a f t e d  

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

a n a l y s i s  ( DT A ) .

F i g u r e  4 . 7  s h ow s  t h e  DTA t h e r m o g r a m  o f  t h e  u n g r a f t e d  

s i l k  f i b r e s .  T a b l e  4 . 4  d e p i c t s  g e n e r a l  t h e r m a l  p r o p e r t i e s  

o f  t h e  u n g r a f t e d  a n d  N , N ’ -MBA g r a f t e d  s i l k  f i b r e s .  One 

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

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

s t a b i l i t y  t h e  g r a f t e d  s i l k  f i b r e s  h a v e .  Th e  p r e s e n c e  o f  

N , N ’ -MBA on t h e  s i l k  f i b r e s  c a u s e s  t h e  i n c r e a s e s  i n  m e l t i n g /  

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

o f  t h e  w h o l e  c h a i n  m o v e m e n t .

Th e  e x p e r i m e n t  on t h e  g r a f t  c o p o l y m e r i z e  o f  N , N ’ -MBA 

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

S h i o z a k i  i n  t h a t  t h e  p o l y m e r i z a t i o n  t r e a t m e n t  w i t h  MAN d o e s  

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

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

The  l a t t e r  h a s  t h e  i n c l i n a t i o n  t o  h i g h e r  t e m p e r a t u r e s  C26D.
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FIGURE 4 .7 T h e r m a l p r o p e r t i e s  o f u n g r a f t e d a nd  N , N ’ -MBA

g r a f  t e d s i l k  f i b r e s

-EM a )  = u n g r a f t e d  s i l k -♦-<๖) = 4 % g r a f t i n g

- « - ( c )  = 6 % g r a f t i n g <d) = 7 . 5  % g r a f t i n g

•*- ( e )  = P o l y ( N , N ’ -MBA)
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TABLE 4 . 4  T h e  t h e r m a l  p r o p e r t i e s  o f  u n g r a f t e d  a nd  N , N ’ - M BA-  

g r a f t e d  ‘s i l k  f i b r e s

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

t e m p e r a t u r e  “ c *

U n g r a f t e d a - - 320

N , N ’ - M B A - g r a f t e d b 3 . 9 9 0 324

N , N ’ - M B A - g r a f t e d c 5 . 9 1 2 5 . 4 2 322

N , N ’ - M B A - g r a f t e d d 7 . 5 0 5.  27 3 26

P o l y  ( N , N ’ - M B A ) e - - 366

i s  t h e  d e c o m p o s  i t  i o n / m e  11. i n g  t e m p e r a t u r e  o f  s i l k  f i b r o i n  

f i b r e s  t a k e n  f r o m  t h e  c o r r e s p o n d i n g  e n d o t h e r m i c  p e a k s .
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4 . 8  D Y E A B I L IT Y  PROPERTY OF N , N ’ -MBA-GRAFTED S I L K  F IBRES

4 . 8 . 1  D y e a b i l i t v  P r o p e r t y  o f  N , N * - M B A - G r a f t e d  

S i l k  F i b r e s

T he  d y e i n g  o f  s i l k  f i b r e s  was c a r r i e d  o u t  

w i t h  a c i d  d y e s t u f f ,  S u p r a n o l  F a s t  O r a n g e  GSN 140% a nd  

K a y a c y l  s k y  B l u e  R. T he  m e t h o d  i s  d e s c r i b e d  i n  S e c t i o n

3 . 5 . 4 . 2 .  T he  q u a n t i t y  o f  t h e  d y e s t u f f s  f i x e d  on t h e  

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

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

S u p r a n o l  F a s t  O r a n g e  GSN 140%

Q u a n t i t y  o f  t h e  d y e s t u f f  f i x e d  on t h e  s i l k  f i b r e s  

( D f )

= 3 1 . 2 5  A . . . . ' ..............  ( 4 . 1 3 )

K a y a c y l  Sky  B l u e  R

Q u a n t i t y  o f  t h e  d y e s t u f f  f i x e d  on t h e  s i l k  f i b r e s  

<Df )

= 3 6 . 7 6  A .........................  ( 4 . 1 4 )

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

i t s  maximum a b s o r p t i o n

The  d e t a i l e d  d e r i v a t i o n  i s  shown i n  A p p e n d i x  E.
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L i k e w i s e ,  t h e  p e r c e n t a g e  e x h a u s t i o n  o f  t h e  

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

S u p r a n o l  F a s t  O r a n g e  GSN 140%

p e r c e n t a g e  e x h a u s t i o n  =

q u a n t i t y  o f  d y e s t u f f  f i x e d  on s i l k  f i b r e s  X 100 . . . .  ( 4 . 1 5 )

1 6 . 2 5

K a y a c y l  s k y  B l u e  R

pe r c en t ag e  exhaus t i on  =

q u a n t i t y  of d y e s t u f f  f i x e d  on s i l k  f i b r e s  X 100 . . . .  ( 4 . 1 6 )

1 7 . 9 4

T he  d e t a i l e d  d e r i v a t i o n  i s  show n  i n  A p p e n d i x  E.

T h u s ,  t h e  r e s u l t s  o f  t h e  q u a n t i t y  o f  t h e  d y e s t u f f s  

f i x e d  on t h e  u n g r a f t e d  a n d  g r a f t e d  s i l k  f i b r e s  a n d  t h e

p e r c e n t a g e  e x h a u s t i o n  a r e  r e p o r t e d  i n  T a b l e s  4 . 5 a  a n d  4 . 5 b .
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TABLE 4 . 5 a  D y e a b i l i t y  p r o p e r t y  o f  N . N ’ -MBA - g r a f t e d  s i l k  f i b r e s  

on S u p r a n o l  F a s t  O range  GSN 140%

XI - X2 X3 c Y1
a

A Y5 p Y6 *

Run ( m o l e - 1  * ) ( m o l e - 1  1 ) ( m o l e - 1  * ) (%) = 3 1 . 25A =Y5 x i o o

X 10 “ 3 X 10~3 X 1 0~ 3 1 6 .2 5

u n g r a f t e d - - - 0 . 0 0 . 4 6 2 1 4 .4 4 89

1A 0 . 5 2 .5 5 X 0 . 5 4 . 0 0 . 4 0 4 1 2 .6 3 78

IB 1 .5 2 .5 5 X 1 .5 4 .2 0 . 4 2 8 1 3 .3 8 82

1C 2 . 5 2 .5 5 X 2 .5 7 . 2 0 .4 2 1 1 3 .1 6 81

' 2A 0 . 5 5 . 0 5 X 0 . 5 1 .5 0 . 4 1 2 1 2 .8 8 79

2B 1 .5 5 . 0 5 X 1 . 5 3 .5 0 . 3 7 5 1 1 .7 2 72

2C 2 . 5 5 . 0 5 X 2 .5 7 . 5 0 .4 1 7 1 3 .0 3 80

3A 0 . 5 7 . 5 5 X 0 . 5 5 . 3 0 . 4 2 6 13 .3 1 82

3B 1 .5 7 . 5 5 X 1 .5 6 . 3 0 . 4 0 7 1 2 .7 2 78

3C 2 .5 7 . 5 5 X 2 .5 5 . 6 0 . 4 1 8 1 3 .0 6 80

4A 0 . 5 1 0 .0 5 X 0 . 5 3 . 2 0 . 4 0 7 1 2 .7 2 78

4B 1 .5 1 0 .0 5 X 1 . 5 2 .8 0 . 4 0 7 1 2 .7 2 78

4C 2 . 5 1 0 .0 5 X 2 . 5 5 .1 0 . 4 1 8 1 3 .0 6 80

5A 0 . 5 1 5 .0 5 X 0 . 5 .2 .7 0 . 3 9 4 1 2 .3 1 76

5B 1 .5 1 5 .0 5 X 1 .5 5 .6 0 . 3 9 8 1 2 .4 4 77

5C 2 . 5 15 .0 5 X 2 . 5 5 . 9 0 . 4 1 4 1 2 .9 4 80

= M n ( a c a c ) 3 ; b = N , N ’ -MBA; c = G l a c i a l  a c e t i c  a c i d  

d = % g r a f t i n g ;  ° = a b s o r b a n c e

= q u a n t i t y  o f  d y e s t u f f  f i x e d  on s i l k  f i b r e s  

= p e r c e n t a g e  e x h a u s t i o n  

( d , " ,  ‘ and a r e  2 d u p l i c a t e s  w i t h i n  10% c v ) 

u n d e r  t h e  s e t  c o n d i t i o n  o f  CHClO^]  = 7 . 5  X 10 3 m o le - 1

= 2 . 0  X 10 3 m o l e - 1  \  te m p .  = 50°c and t i m e  = 2 h r s[N a LS l
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TABLE 4 . 5 b  D y e a b i l i t y  p r o p e r t y  o f  N . N ’ -MBA - g r a f t e d  s i l k  f i b r e s  on 

K a y a c y l  s k y  B l u e  R

Run

XI

( m o l e - 1  * )  

X 1 0 ~ 3

X2

( m o l e - 1  * )  

X 10~3 '

X3 c

( m o l e - 1  1) 

X 10” 3

Y1 d
o

A Y5 f  

= 3 6 . 76A

Y6 d

Y5 X 100 

1 7 .9 4

u n g r a f t e d - - - 0 . 0 0 . 4 7 6 1 7 .5 0 97

1A 0 . 5 2 .5 5 X 0 . 5 4 .0 0 . 3 9 7 1 4 .5 9 81

IB 1 .5 2 .5 5 X 1 . 5 4 .2 0 . 4 3 8 16.  10 90

1C 2 . 5 2 .5 5 X 2 .5 7 . 2 0 . 4 4 4 1 6 .3 2 91

2A 0 . 5 5 . 0 5 X 0 . 5 1 .5 0 . 4 4 0 1 6 .1 7 90

2B 1 .5 5 . 0 5 X 1 . 5 3 .5 0 . 4 5 5 1 6 .7 3 93

2C 2 .5 5 . 0 5 X 2 .5 7 . 5 0 . 4 4 3 1 6 .2 6 91

3A 0 . 5 7 . 5 5 X 0 . 5 5 . 3 0 . 4 2 5 1 5 .6 2 87

3B 1 .5 7 . 5 5 X 1 . 5 6 . 3 0 .4 4 1 1 6 .2 1 90

3C 2 .5 7 . 5 5 X 2 . 5 5 . 8 0 . 4 2 3 1 5 .5 5 87

4A 0 . 5 1 0 .0 5 X 0 . 5 3 .2 0 . 4 2 4 15 .5 9 87

4B 1 .5 1 0 .0 5 X 1 .5 2 .8 0 . 4 3 4 1 5 .9 5 89

4C 2 . 5 1 0 .0 5 X 2 .5 5 .1 0 . 4 4 0 1 6 .1 7 90

5A 0 . 5 1 5 .0 5 X 0 . 5 2 .7 0 . 4 3 8 1 6 .1 0 90

5B 1 .5 1 5 .0 5 X 1 .5 5 . 8 0 . 4 5 4 1 6 .6 9 93

5C 2 . 5 1 5 .0 5 X 2 . 5 5 . 9 0 . 4 1 0 1 5 .0 7 84

= M n ( a c a c > 3 ; b = N , N ’ -MBA; c = G l a c i a l  a c e t i c  a c i d  

= % g r a f t i n g ;  “ " a b s o r b a n c e  

= q u a n t i t y  o f  d y e s t u f f  f i x e d  on s i l k  f i b r e s  

*  = p e r c e n t a g e  e x h a u s t i o n

( d , " ,  e  and a  a r e  2 d u p l i c a t e s  w i t h i n  10% CV)

u n d e r  t h e  s e t  c o n d i t i o n  o f  [ H C lO A] = 7.5  X 10 3 m o le - 1  \

= 2.0 X 10 3 m o l e - 1  3, te m p .  = 50°c and t i m e  = 2 h r s[N aLS ]
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A c c o r d i n g  t o  T a b l e  4 . 2 a ,  t h e  

c o e f f i c i e n t  ( r ) b e t w e e n  t h e  p e r c e n t a g e  g r a f t i n g  

q u a n t i t i e s  o f  t h e  d y e s t u f f s ,  " S u p r a n o l  F a s t  O r a n g  

a nd  " K a y a c y l  s k y  B l u e  R " ,  f i x e d  on s i l k  f i b r e s  

a nd  0 . 0 6 9 8 ,  r e s p e c t i v e l y .  T h e s e  v a l u e s  i n d i c a t e  

a r e  no  l i n e a r  r e l a t i o n s h i p s  b e t w e e n  t h e  p e r c e n t . a g  

v a l u e s  a nd  q u a n t i t i e s  o f  b o t h  d y e s t u f f s  f i x e d  on ร 

L i k e  b e f o r e ,  m u l t i p l e  r e g r e s s i o n  m e t h o d  was t o  

r e l a t i o n s h i p s  among t h e s e  d a t a .

c o r r e l a t i o n  

v a l u e s  and  

e GSN 140%" 

a r e  0 . 3 8 8 3  

t h a t  t h e r e  

e g r a f t i n g  

i l k  f i b r e s ,  

a n a l y z e  t h e

The  r e s u l t

q u a n t i t i e s  o f  d y e s t u f f s  

i n s i g n i f i c a n t l y  d e p e n d  on 

The  o b t a i n e d  s i g n i f i c a n t  F 

S u p r a n o l  a nd  K a y a c y l ,  r e  

t h e  o n l y  c o n c l u s i o n  t h a t  c 

t h a t  t h e  q u a n t i t i e s  o f  d y  

s i l k  f i b r e s  ca n  be  r e d u  

u n g r a f t e d  s i l k  f i b r e s ,  as

f r o m  T a b l e  4 . 2 b  s h ow s  t h a t  t h e  

f i x e d  on t h e  s i l k  f i b r e s  

t h e  p e r c e n t a g e  v a l u e s  o f  g r a f t ,  

v a l u e s  a r e  0 . 5 7 8 4  a n d  0 . 9 1 2 4  f o r  

s p e c t i v e l y  ( . "A p p en d ix  CJ . H o w e v e r ,  

an be  d r a w n  f r o m - t h e  e x p e r i m e n t  i s  

e s t u f f s  on t h e  N , N ’ - M B A - g r a f t e d  

c e d  when c o m p a r e d  t o  t h o s e  on 

show n  i n  T a b l e s  4 . 5 a  a n d  4 . 5 b .

I t  s h o u l d  be

t h e  N , N ’ - M B A - g r a f t e d  s i l k  

n i t y  f o r  h y d r o g e n  b o n d i n g  f  

t h a t  t h e i r  p l a n a r  c o n f i g u r  

b u l k i n e s s  o f  N , N ’ -MBA h i n d e  

d y e s t u f f s  t o  t h e  s i l k  s u r f

n o t e d t h a t t h e ac  i d d y e s t u f f s on

f  i b r e s s u r f a c e h a v e l e s s o p p o r t u -

o r m a t  i o n . T h i s i s d u e  t o t h e f  a c t

a t  i o n s a r e a l t e r e d a nd t h a t t h e

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

a c e .  C o n s e q u e n t l y ,  Van d e r  W a a ls
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f o r c e  comes t o  f u n c t i o n  m o re  e f f e c t i v e l y .  T h i s  f o r c e  i s  

r e l a t i v e l y  weak  a n d  q u i t e  u n s t a b l e ,  a n d  t h u s  g i v e s  t h e  

l e s s e r  d y e i n g  p r o p e r t y .

4 . 9  SURFACE CHARACTERISTICS

The  s u r f a c e  c h a r a c t e r i s t i c s  o f  N , N ’ - M B A - g r a f t e d  

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

m i c r o s c o p i c  t e c h n i q u e .  F i g u r e s  4 . 8 a  -  4 . 8 d  show  t h e  

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

u n g r a f t e d  a n d  N , N ’ - M B A - g r a f t e d  s i l k  f i b r e s .

T he  e l e c t r o n  m i c r o g r a p h s  r e v e a l  t h a t  t h e  s u r f a c e  

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

g r a f t e d  s i l k  f i b r e s  a r e  u n e v e n  a n d  r o u g h .  T he  l a t t e r  

i s  p o s s i b l y  d u e  t o  u n s t e a d y  d e p o s i t  o f  t h e  N , N ’ -M BA,  

e s p e c i a l l y  when t h e  g r a f t  y i e l d  i s  h i g h e r  t h a n  4 p e r c e n t .  

The  e l e c t r o n  m i c r o g r a p h s  c> a n d  d )  sh ow  g r a n u l a r - l i k e  

p a r t i c l e s  s t i c k i n g  u n i f o r m l y  on t h e  s u r f a c e .  B e s i d e s  t h e  

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

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

p r o b a b l y  o c c u r  d u r i n g  g r a f t i n g  r e a c t i o n  a n d  d y e i n g  s t e p .
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FIGURE 4 . 8 a S c a n n i n g  e l e c t r o n  m i c r o g r a p h  o f un g r a f t e d .

s i l k  f i b r e s ( X 750  )

S c a n n i n g  e l e c t r o n  m i c r o g r a p h  o f  พ , N ’ -MBA -  

g r a f t e d  s i l k  f i b r e s  (4% g r a f t i n g '  < X 7 5 0  )
FIGURE 4 . 8 b
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FIGURE 4 . 8 c S c a n n i n g  e l e c t r o n m i c r o g r a p h  o f N, N ’ -  M B A -

g r a f t e d  s i l k  f i b r e s  (6% g r a f t i n g )  ( X 790 )

FIGURE 4 . 8 d S c a n n i n g  e l e c t r o n  m i c r o g r a p h  o f N , N ’ -MBA -

g r a f t e d  s i l k  f i b r e s  (7.5% g r a f t i n g ) ( X 7 50  )
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