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1 . I N T R O D U C T I O N 

1 . 1 . T h e s i g n i f i c a n c e o f t h e t h e r m o d y n a m i c s t u d y o f p o l y m e r m i x t u r e s 

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

h a s d r a w n more a n d more a t t e n t i o n . T h i s i s b e c a u s e b l e n d i n g p o l y m e r s 

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

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

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

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

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

i n many c a s e s , o n t h e d i s c o v e r y o f new p o w e r f u l c a t a l y s t s . The c o s t 

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

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

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

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

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

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

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

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

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

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

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

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

i m p a c t e n e r g y . B l e n d i n g m e t h o d s i n i n d u s t r y a r e r e l a t i v e l y s i m p l e : 

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

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

d e v e l o p m e n t i s l o w . 

T h e s t u d y o f c o m p a t i b i l i t y i n c l u d e s many a s p e c t s s u c h a s t h e 
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p r e p a r a t i o n o f p o l y b l e n d s , t h e r e l a t i o n b e t w e e n s t r u c t u r e a n d p r o p e r t y ' 

a n d t h e t h e r m o d y n a m i c s a n d k i n e t i c s o f p h a s e s e p a r a t i o n . Among" t h e s e 

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

c o m p a t i b i l i t y . I t t e l l s u s why t h e p o l y m e r s c o u l d b e m i x e d a n d u n d e r 

w h i c h c o n d i t i o n s t h e p o l y b l e n d i s s t a b l e . I t c a n a l s o e x p l a i n how t h e 

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

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

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

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

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

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

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

s o l u t i o n c o u l d be c o n s i d e r e d a s a - oo l ymer m i x t u r e i f t h e d e g r e e o f 

p o l y m e r i z a t i o n o f p o l y m e r 1 ( s o l v e n t ) i s t a k e n a s 1 . Gee a n d T r e l o a r s ' 

1 
c l a s s i c w o r k o n t h e m e a s u r e m e n t o f t h e c h a n g e s i n t h e t h e r m o d y n a m i c 

f u n c t i o n s when m i x i n g r u b b e r a n d b e n z e n e a n d t h e F l o r y - H u g g i n s l a t t i c e 
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m o d e l t h e o r y o f p o l y m e r s o l u t i o n i n t h e 1 9 4 0 ' s l a i d t h e f o u n d a t i o n 

o f t h i s b r a n c h o f p o l y m e r s c i e n c e . I n t h e 1 9 6 0 ! s R o w l i n s o n ' s d i s c o v e r y 

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

( L O S T ) o f c e r t a i n p o l y m e r 

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

i n t e r a c t i o n p a r a m e t e r a n d a new g e n e r a t i o n o f t h e o r i e s , o f w h i c h t h e 

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

u n d e r s t a n d i n g o f t h e s u b j e c t . H e n c e , t h e t h e r m o d y n a m i c s t u d y o f h i g h 

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

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

d e v e l o p m e n t o f t h e o r i e s f o r t h e m i s c i b i l i t y o f h i g h p o l y m e r s . T h e t h e r m o d y n a m i c s t u d y o f p o l y m e r m i x t u r e s h a s a l r e a d y l e d t o 5 
some i n s p i r i n g r e s u l t s . A l l e n , Gee a n d N i c h o l s o n d i s c o v e r e d a p e c u l i a r 
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s h a p e ( s h o u l d e r o r two p e a k s ) o f t h e c l o u d p o i n t c u r v e when t h e y 

s t u d i e d t h e o l i g o m e r i c p o l y s t y r e n e a n d p o l y s i l o x a n e s y s t e m . M c M a s t e r ^ 

e x p l a i n e d t h e L C S T b e h a v i o u r o f p o l y b l e n d s u s i n g t h e e q u a t i o n o f s t a t e 

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

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

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

7 
d i f f e r e n t s p e c i e s i n t h e m i x t u r e s , t h e c o m p o s i t i o n d e p e n d e n c e o f t h e 

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

f u r t h e r s t u d y o f t h e s u b j e c t . 

1 . 2 . M e t h o d s f o r s t u d y i n g t h e t h e r m o d y n a m i c s o f p o l y m e r m i x t u r e s 

F o r a t h e r m o d y n a m i c s t u d y we s h o u l d 

a ) D e t e r m i n e t h e p h a s e b o u n d a r i e s o f t h e p o l y b l e n d , n a m e l y , t h e 

b i n o d a l , t h e s p i n o d a l a n d t h e c r i t i c a l p o i n t . I n p r a c t i c e we o f t e n 

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

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

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

b e m e a s u r e d . 

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

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

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

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

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

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

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

w a v e l e n g t h o f l i g h t . T h e m e t h o d h a s some c o n s t r a i n t s : F i r s t l y , i t 

n e e d s l a r g e e n o u g h d i f f e r e n c e o f r e f r a c t i v e i n d i c e s ( ^ n s h o u l d b e 

g r e a t e r t h a n 0 . 0 1 ) . S e c o n d l y , t h e p h a s e s e p a r a t e d p a r t i c l e s h o u l d 
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h a v e a l a r g e e n o u g h s i z e . S o m e t i m e s d y n a m i c m e c h a n i c a l r e l a x a t i o n s 
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s h o w two l o s s p e a k s b u t t h e s a m p l e i s s t i l l t r a n s p a r e n t • T h i s i s 

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

G e n e r a l l y i t i s b e l i e v e d t h a t d y n a m i c m e c h a n i c a l r e l a x a t i o n c a n f 0 \ 
d e t e c t t h e d o m a i n s t r u c t u r e a t m o l e c u l a r l e v e r ( " ' l O O A ) * W h e r e a s t h e 

o 

o p t i c a l w a v e l e n g t h i s a r o u n d 4 0 0 0 - 8 0 0 0 A , s o o p t i c a l t u r b i d i t y c a n 

o n l y d e t e c t d o m a i n s t r u c t u r e a t 0.5-M. L a s t l y , i f two i n c o m p a t i b l e 

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

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

i n t o two l a y e r s . 

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

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

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

s c a t t e r e d ^ o r t r a n s m i t t e d l i g h t ' ' 
1S 

A n o t h e r o p t i c a l m e t h o d i s t h e r m a l o p t i c a l a n a l y s i s ( T O A ) , 

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

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

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

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

D y n a m i c m e c h a n i c a l r e l a x a t i o n a n d d i e l e c t r i c r e l a x a t i o n c a n n o t 

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

g i v i n g p r o o f o f m i s c i b i l i t y i n some c o m p o s i t i o n r a n g e s w h e r e t h e T & 
o f t h e h o m o g e n e o u s p h a s e may h a p p e n t o f a l l i n t h e two p h a s e r e g i o n . 

U s u a l l y , h o w e v e r , f o r p r a c t i c a l r e a s o n s " o n e s i n g l e p h a s e T " i s t a k e n 
& 

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

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 ( D T A ) m e a s u r e s t h e t e m p e r a t u r e 

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

r a t e . D i f f e r e n t i a l s c a n n i n g c a l o r i m e t r y ( D S C ) m e a s u r e s t h e e n e r g y 



5 

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

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

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

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

t r a n s i t i o n . I n p r i n c i p l e , t h e y c a n o n l y be u s e d t o v e r i f y t h e p h a s e 

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

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

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

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

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

d u r i n g t h e t e s t . 

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

o f m i x i n g a n d h e a t o f m i x i n g s h o u l d be m e a s u r e d . U s i n g o s m o t i c p r e s s u r e 

( d i l u t e a n d c o n c e n t r a t e d s o l u t i o n ) a n d v a p o u r a b s o r p t i o n e t c . t h e 

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

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

f o r a p o l y m e r m i x t u r e . I n t h e l i t e r a t u r e t h e r e a r e two i n d i r e c t 

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

16 17 
c h r o m a t o g r a p h y a n d v a p o u r a b s o r p t i o n . T h e y h a v e t o u s e H e s s 1 s 

l a w c y c l e f o r t h e s t a t e f u n c t i o n . B y s u b s t r a c t i n g t h e f r e e e n e r g y o f 

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

T h e m e t h o d s a r e , h o w e v e r , n o t v e r y a c c u r a t e . 

F o r d e t e r m i n i n g t h e h e a t o f m i x i n g o f o l i g o m e r s t h e h e a t c a n be 

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

c a n o n l y b e c a l c u l a t e d t h r o u g h H e s s ' e s l a w , i f t h e h e a t s o f m i x i n g o f 

p o l y m e r / s o l v e n t a n d b l e n d / s o l v e n t a r e m e a s u r e d s e p a r a t e l y . 

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

o f i n t e r a c t i o n b e t w e e n two m i x e d s p e c i e s . U s i n g t h e F l o r y e q u a t i o n o f 
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s t a t e t h e o r y , t h e i n t e r a c t i o n e n e r g y p a r a m e t e r X ^ c a n b e e s t i m a t e d , 

18 19 
The c h a n g e o f v o l u m e o n m i x i n g o r t h e d e n s i t y o f p o l y b l e n d s ' c a n 

be m e a s u r e d . S m a l l a n g l e X - r a y s c a t t e r i n g ( S A X S ) a n d s m a l l a n g l e 

n e u t r o n s c a t t e r i n g ( S A N S ) c a n a l s o be u s e d t o m e a s u r e t h e d i m e n s i o n s 

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

20 

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

A n o t h e r m e t h o d o f s t u d y i n g t h e s y s t e m s i s F o u r i e r t r a n s f o r m 

i n f r a r e d s p e c t r o s c o p y ( F T I R ) . H e r e a p a r t i c u l a r t h e r m o d y n a m i c 

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

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

R e s e a r c h s h o w s t h a t i n many c a s e s a s p e c i f i c i n t e r a c t i o n i s t h e d r i v i n g 21 

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

I n o r d e r t o e x p l a i n t h e p h a s e b o u n d a r y , t h e r e a r e two m e t h o d s . 

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

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

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

s u c c e s s f u l l y e x p l a i n s t h e o c c u r a n c e o f a n L O S T a s w e l l a s a n u p p e r 

c r i t i c a l s o l u t i o n t e m p e r a t u r e ( U C S T ) , i t g i v e s q u a l i t a t i v e c o n c l u s i o n s 

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

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

i n t e r a c t i o n p a r a m e t e r a n d p r e s s u r e e t c . T h e F l o r y - H u g g i n s m o d e l 

r e q u i r e s a n i n t e r a c t i o n p a r a m e t e r b u t o n l y e x p l a i n s t h e o c c u r a n c e o f 3 

a U C S T . T h i s t h e o r y h a s b e e n a d a p t e d b y K o n i n g s v e l d t o e x p l a i n some 

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

T h e e x p e r i m e n t a l s t u d y o f p h a s e e q u i l i b r i u m i n p o l y m e r m i x t u r e s 

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

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

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

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

5 

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

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

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

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

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

LOST may n o t b e f o u n d i n t h e s e s y s t e m s . We b e l i e v e t h a t t h i s w i l l n o t 

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

p o l y m e r m i x t u r e s . B o t h t h e U C S T a n d L C S T a r e a r e s u l t o f a c o m b i n a t i o n 

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

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

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

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

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

s t u d i e s o f m i x t u r e s w i t h c o n t i n u i n g c h a n g e o f c h e m i c a l s t r u c t u r e s a r e 22 
p r e f e r r e d . A s s u m m a r i z e d I n K o n i n g s v e l d 1 s l e c t u r e , t h e s e m i x t u r e s 

a r e 

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

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

c o m p a t i b i l i t y ) . 

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

o f t h e i r m o n o m e r s . One monomer h a s a c o n t i n u o u s c h a n g e o f s t r u c t u r e , 

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

m o n o m e r . 

c ) r a n d o m c o p o l y m e r / h o m o p o l y m e r m i x t u r e s . 

d ) m i x t u r e s o f r a n d o m c o p o l y m e r s b u i l t u p o f t h e same two 

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

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

o u t c o m e f o r t h e w o r k . 

1 . 3 . T h e p r o b l e m s t o be s t u d i e d i n t h i s w o r k 

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

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

a r e : 

1 . 3 . 1 . The i n t e r a c t i o n p a r a m e t e r ^ i n t h e F l o r y e q u a t i o n o f s t a t e t h e o r y 

One o f t h e p u r p o s e s o f t h e F l o r y e q u a t i o n o f s t a t e t h e o r y i s t o 

i m p r o v e t h e c a l c u l a t i o n o f t h e i n t e r a c t i o n p a r a m e t e r ^ . I n t h e F l o r y -

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

^=z4w 1 ? r 1/kT 1) 

w h e r e z i s t h e l a t t i c e c o o r d i n a t i o n n u m b e r , ^ w . ^ i s t h e c h a n g e i n 

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

n u m b e r o f s e g m e n t s i n s p e c i e s 1 . I t c a n be s e e n f r o m t h e d e f i n i t i o n 

t h a t Ĉ h a s no c o m p o s i t i o n d e p e n d e n c e a n d i s p u r e l y a m o n o t o n i c 

d e s c e n d i n g f u n c t i o n o f t e m p e r a t u r e . I f a s o l u t i o n i s a t h e r m a l ( A w.j 2 = ^ ) , 

i t a l s o p r e d i c t s t h a t Ĉ s h o u l d b e z e r o . E x p e r i m e n t s do n o t v e r i f y 

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

O . 3 - O . 5 a t t h e l i m i t <(>2=0 ( e x t r e m e l y d i l u t e s o l u t i o n ) , e v e n f o r n e a r l y 

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

c o n c e n t r a t i o n , a n d i n many c a s e s t h e c h a n g e i s l a r g e . T h e d i s a g r e e m e n t 

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

p r e d i c t i o n o f s o l u t i o n p r o p e r t i e s . 

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

f o r t h e f r e e e n e r g y o f m i x i n g 

4 G m = R T ( l n ^ + n 2 l i 4 2 + } n f i 2 ) 2 ) 

w h e r e n . i s t h e m o l a r n u m b e r a n d 6 . i s t h e v o l u m e f r a c t i o n 1 1 i 
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o f c o m p o n e n t i . W i t h s u c c e s s i v e m o d i f i c a t i o n s ft h a s b e e n u s e d t o c o n t a i n 

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

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

how t o e x p l a i n t h e new ft. • 

The F l o r y e q u a t i o n o f s t a t e t h e o r y e x p l a i n e d ft i n t e r m s o f t h e 

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

i n t e r a c t i o n s . The e q u a t i o n s f o r ft i n t h e t h e o r y w i l l be d i s c u s s e d 

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

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

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

d o u b t s o n t h e u s e f u l n e s s o f t h e e q u a t i o n s u s e d f o r ^ . 

A c o m p a r i s o n o f t h e F l o r y theory i n the o r i g i n a l f o r m w i t h 

M c M a s t e r ' s t r e a t m e n t 

F l o r y f i r s t a p p l i e d t h e e q u a t i o n o f s t a t e t h e o r y t o t h e s t u d y 

n -z n A 

o f p h a s e e q u i l i b r i u m ' . The e q u a t i o n s f o r t h e b i n o d a l , s p i n o d a l 

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

b o u n d a r i e s we re c a l c u l a t e d f o r h y d r o c a r b o n / p e r f l u o r o c a r b o n m i x t u r e s . 

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

p o l y i s o b u t y l e n e s y s t e m we re c a l c u l a t e d o n t h e b a s i s o f t h e 

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

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

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

t h e s e p o l y m e r s a t e q u i l i b r i u m . 

M c M a s t e r m o d i f i e d t h e F l o r y t h e o r y b y i n t r o d u c i n g a t e r m 
/ / 2 <1* N r c 6 
(2irm.|.kT/h ) i i i i n t h e p a r t i t i o n f u n c t i o n s u c h t h a t 

Z±(T,V)=Zint(T)(2tr m . k T / h 2 f M i r i ° i Q i 3) 

w h e r e 
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Q i = Q . ( c o m b ) { 4 i r / 3 [ V . ( v J - v ^ ) 3 N i r i c i ] } e x p ( - E . ( o ) / k T ) 4 ) 

I n E q . 3 i s t h e p a r t i t i o n f u n c t i o n f o r i n t r a m o l e c u l a r r o t a t i o n 

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

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

n o t e n t e r i n t o t h e e q u a t i o n o f s t a t e . Q^ h a s t h e u s u a l m e a n i n g a s i n 

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

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

r e s p e c t i v e l y , a s e x p r e s s e d i n E q . 4 « The e x t r a t e r m i n t r o d u c e d i s t h e 

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

w i t h m a s s m . . m. i s d e f i n e d a s t h e m o l e c u l a r w e i g h t o f a s e g m e n t , r . 1 1 1 

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

d e g r e e s o f f r e e d o m , c x 1 . mean s t h a t t h e c h a i n c a n be r e g a r d e d 

a s r . c . i n d e p e n d e n t p a r t i c l e s u n d e r g o i n g t r a n s l a t i o n a l m o t i o n . 
1 1 ' -

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

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

m o l e c u l e . T h e s e modes a r e s u b j e c t t o w e a k e r i n t r a m o l e c u l a r p o t e n t i a l s 

s o t h a t i n t e r a c t i o n s w i t h n e i g h b o u r i n g c h a i n s e g m e n t s d o m i n a t e . T h e 

w e a k e r i n t r a m o l e c u l a r p o t e n t i a l s c a n be d i s r e g a r d e d o r t r e a t e d a s 

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

M c M a s t e r 1 s t r e a t m e n t c o n v i n c i n g l y s h o w s t h a t t h e e q u a t i o n o f 

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

c o m p a t i b i l i t y . When we a p p l y h i s t r e a t m e n t t o o u r s y s t e m s , h o w e v e r , 

some p r o b l e m s a r i s e . T h e s e a r e s 

x * * * 

a ) O w i n g t o t h e a s s u m p t i o n o f e q u a l c o r e v o l u m e , v = v ^ = v 2 i n 

t h e F l o r y t h e o r y , m^ s h o u l d h a v e r e l a t i o n 
* * c ^ 

m„v H = m 0 v _ 5 ; 
1 s p 1 2 s p 2 

I t c a n n o t a r b i t r a r i l y a s s u m e d t h a t b o t h m^ a n d m^ a r e t h e m o l e c u l a r 

w e i g h t s o f t h e m o n o m e r i c s e g m e n t s , a s w a s d o n e i n M c M a s t e r ' s p a p e r . 
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b ) I n h i s t r e a t m e n t t h e c o n t r i b u t i o n o f t h e t r a n s l a t i o n a l 

m o t i o n t e r m t o the^ f r e e e n e r g y o f m i x i n g i s g i v e n b y 

( 2TTm 1 k T / h 2 f N 1 V ( ? TT m ^ k T / h 2 ) ™ 2 r 2 ° 

( 2 7 r m 1 k T / h 2 ) t N 1 r l C 1 ( 2 i rm 2 kT/h 2 ^ 2 T 2 ° 2 6 ) 

The n u m e r a t o r i s t he p a r t i t i o n f u n c t i o n o f t h e m i x t u r e , t h e 

d e n o m i n a t o r i s t h e p a r t i t i o n f u n c t i o n b e f o r e m i x i n g . I t i s a s s u m e d 

t h a t b o t h c o m p o n e n t s h a v e t h e same c v a l u e i n t h e m i x t u r e . T h i s means 

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

f l e x i b i l i t y no m a t t e r how much d i f f e r e n c e e x i s t e d b e t w e e n t h e i r 

o r i g i n a l c ^ v a l u e s . I t i s a d m i t t e d t h a t b e c a u s e o f i n t e r a c t i o n s t h e 

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

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

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

25 

P r a u s n i t z d i s c u s s e d t h e r e l a t i o n b e t w e e n t h e s t e r i c f a c t o r CT a n d 

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

3re=[(r-3)/<r]+6 7) ^ ( < r 2 > / < r 2 > ) ^ 8 ) 

2 2 
whe re < r ^ > a n d < r ^ > a r e t h e d i m e n s i o n o f t h e p o l y m e r i c c h a i n i n t h e 

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

26 

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

u n c h a n g e d a f t e r m i x i n g s o t h a t t h i s t e r m h a d no c o n t r i b u t i o n t o t h e 

f r e e e n e r g y o f m i x i n g , w h e r e a s i n M c M a s t e r 1 s t h e o r y t h i s c o n t r i b u t i o n 

i s r e l a t i v e l y l a r g e . 

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

o f s y s t e m s u n d e r c o n s i d e r a t i o n , t h e H e l m h o l t z f r e e e n e r g y 4 r e s u l t s 

f r o m t h e p a r t i t i o n f u n c t i o n . When d e r i v i n g t h e c h e m i c a l p o t e n t i a l a 
d e r i v a t i v e ( b v / ^ N . ) m ,, M , , 

W 1 ' T , V , N 2 IS n e e d e d . 
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27 S a n c h e z p o i n t e d o u t t h a t t h i s d e r i v a t i v e was i n c o r r e c t l y e v a l u a t e d 

I n M c M a s t e r 1 s p a p e r " becau se he c a l c u l a t e d OSrv/^N.. ) „ „ r a t h e r 
1 1, r ,JN^ 

t h a n ) T > V > N • 

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

c h e m i c a l p o t e n t i a l e q u a t i o n i n t h i s w o r k ( w i t h o u t o m i t t i n g 

t h e p r e s s u r e t e r m a s was d o n e I n F l o r y ' s p a p e r )• T h e d e p e n d e n c e 

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

h a v e a l s o b e e n d e r i v e d . T h e e q u a t i o n s c a n be u s e d t o d i s c u s s t h e 

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

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

A c o m p a r i s o n b e t w e e n t h e n e w l y d e r i v e d e q u a t i o n s a nd M c M a s t e r 1 s 

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

l e a s t a s g o o d a s M c M a s t e r ' s m o d i f i e d t r e a t m e n t i n p r e d i c t i n g t h e 

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

1 • 3 • 3 • T h e o r i g i n s o f p o l y m e r c o m p a t i b i l i t y 

One p r o b l e m i m m e d i a t e l y a r o s e o n t h e e s t i m a t i o n o f t h e r o l e o f 

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

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

r e m a i n i n g two f a c t o r s a r e t h e e q u a t i o n o f s t a t e c o n t r i b u t i o n a n d t h e 

i n t e r a c t i o n b e t w e e n d i f f e r e n t s p e c i e s i n t h e m i x t u r e . I n M c M a s t e r ' s 

t r e a t m e n t w i t h t h e a s s u m p t i o n X ^ s O , w h e r e X ^ ^ w a s t h e I n t e r a c t i o n 

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

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

t h a t two p o l y m e r s h a v i n g m o l e c u l a r w e i g h t s o f 2 x 1 0 ^ ( c h a i n l e n g t h 

2 0 0 0 s e g m e n t s ) r e q u i r e d a d i f f e r e n c e i n t h e t h e r m a l e x p a n s i o n 

c o e f f i c i e n t s o f 4 % o r l e s s i n o r d e r t o h a v e s i g n i f i c a n t m u t u a l 

s o l u b i l i t y . E v e n a t m o l e c u l a r w e i g h t s a s l o w a s 5 x 1 0 ^ , a r e l a t i v e 

d i f f e r e n c e o f 1 0 % i n t h e i t he rma l e x p a n s i o n c o e f f i c i e n t s c o u l d l e a d t o 
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v i r t u a l l y c o m p l e t e i m m i s c i b i l i t y . 

28 

P a t t e r s o n a n d R o b a r d " t h o u g h t t h a t t h e e f f e c t o f f r e e v o l u m e 

o n t h e L C S T was e x a g g e r a t e d i n M c M a s t e r 1 s p a p e r . T h e y c o n s i d e r e d t h a t 

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

t e m p e r a t u r e i n p o l y b l e n d s b r o u g h t a b o u t t h e L C S T , b e c a u s e t h e b a l a n c e 

b e t w e e n t h e u n f a v o u r a b l e f r e e v o l u m e e f f e c t a n d t h e f a v o u r a b l e 

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

t e m p e r a t u r e . 

I n t h e o r y , t h e i r d i s c u s s i o n l e f t two p r o b l e m s t o be c o n s i d e r e d . 

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

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

m i x t u r e s , b u t t h i s d o e s n o t mean t h a t i n some c a s e s t h e e q u a t i o n o f 

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

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

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

b ) The F l o r y E q u a t i o n o f s t a t e t h e o r y o n l y f i t s e x p e r i m e n t s 

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

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

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

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

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

24 
a s a c r i t e r i o n f o r p r e d i c t i n g c o m p a t i b i l i t y f o r s u c h a s y s t e m . 

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

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

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

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

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

s h o u l d h a v e n e a r l y t h e same t h e r m a l e x p a n s i o n c o e f f i c i e n t s . 
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C o n v e r s e l y , t h e " d i s s i m i l a r i t y " p r i n c i p l e p r e f e r s r a t h e r d i f f e r e n t 

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

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

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

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

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

I n t h i s w o r k f o u r s y s t e m s h a v e b e e n s t u d i e d . T h e s e a r e 

p o l y ( m e t h y l m e t h a c r y l a t e ) w i t h c h l o r i n a t e d p o l y e t h y l e n e (PMMA/CPf ] ) , 

p o l v ( b u t y l a c r y l a t e ) w i t h c h l o r i n a t e d p o l y e t h y l e n e ( P B A / C P E ) , 

c h l o r i n a t e d p o l v e t h y l e n e s w i t h d i f f e r e n t c h l o r i n e c o n t e n t s ( C P E / C P E ) 

a n d m e t h o x y l a t e d p o l y ( e t h y l e n e g l y c o l ) w i t h m e t h o x v l a t e d 

p o l y ( p r o p y l e n e g l y c o 1 ) ( P E G M / P P G M ) . 

T h e f i r s t two s y s t e m s a r e known t o h a v e s p e c i f i c i n t e r a c t i o n s 

b e t w e e n CHG1 g r o u p s . i n CPE w i t h t h e o x y g e n o f t h e c a r b o n y l g r o u p i n 

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

i n t e r e s t i n g b e c a u s 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 two s p e c i e s c a n be 

c h a n g e d b y a d j u s t i n g t h e d e g r e e o f c h l o r i n a t i o n o f C P E . T h e r e h a v e 

b e e n many a t t e m p t s t o p r e d i c t t h e m i s c i b i l i t y o f PMMA/CPE a n d r e l a t e d 
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s y s t e m s , w h i c h w e r e s u m m a r i z e d b y K r a u s e . I t i s s t a t e d t h a t PMMA 

i s i n c o m p a t i b l e w i t h C P E , t h e p h a s e b o u n d a r y b e h a v i o u r o f PMMA w i t h 

p o l y ( v i n y l c h l o r i d e ) i s a m b i g u o u s (We now know t h e y a r e c o m p a t i b l e 3 0 \ 

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

p o l y ( v i n y l c h l o r i d e ) b l e n d may b e c o m p a t i b l e o r c o n d i t i o n a l l y 

c o m p a t i b l e a n d t h e PMMA w i t h p o l y ( v i n y l i d e n e c h l o r i d e ) b l e n d i s 

i n c o m p a t i b l e . H e n c e , i t c a n be s e e n t h a t a v e r y c o m p l i c a t e d 

s i t u a t i o n o c c u r s w i t h t h e v a r i a t i o n o f c h l o r i n e c o n t e n t . 

T h e t h i r d s y s t e m c o n s i s t s o f m i x t u r e s b e t w e e n d i f f e r e n t C P E s 

w h i c h a r e d o m i n a t e d b y d i s p e r s i o n f o r c e s b e c a u s e no s p e c i f i c 
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i n t e r a c t i o n s c a n b e f o r m e d b e t w e e n th( two m i x e d s p e c i e s . W i t h 

i n c r e a s i n g d e g r e e o f c h l o r i n a t i o n C P E c h a n g e s f r o m a c r y s t a l l i n e 

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

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

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

p o l y m e r . T h u s t h e s y s t e m p r o v i d e s a u n i q u e o p p o r t u n i t y t o e x p l o r e t h e 

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

T h e r e h a v e b e e n p r e v i o u s s t u d i e s o f PEGM/PPGM m i x t u r e s . C o o p e r 

1 8 "51 

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

a n d t h e c l o u d p o i n t c u r v e s . T h e y f o u n d t h a t t h e F l o r y - H u g g i n s 

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

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

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

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

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

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

b o u n d a r i e s a r e e x p l a i n e d i n t e r m s o f t h e F l o r y - H u g g i n s t h e o r y w i t h a 

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

o f t h e c l o u d p o i n t c u r v e o f t h e s y s t e m u p t o 1 0 0 0 a t m . He f o u n d a 

p o s i t i v e p r e s s u r e d e p e n d e n c e o f t h e U C S T . 

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

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

K o n i n g s v e l d ' s c a t a l o g u e d e s c r i b e d p r e v i o u s l y t h e f i r s t two s y s t e m s 

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

i f C P E c a n b e r e g a r d e d a s a c o p o l y m e r . T h e l a s t s y s t e m i s t h e t y p e a 

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

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

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

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

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

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

I . 3 . 4 . S i m u l a t i o n o f p h a s e b o u n d a r i e s 

I n o r d e r t o make a c r i t i c a l a s s e s s m e n t , t h e t h e o r i e s h a v e b e e n 

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

33 
F l o r y - H u g g i n s ' t h e o r y , K o n i n g s v e l d 1 s c a l c u l a t i o n s showed t h a t t h e 

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

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

ft e t c . N o r m a l l y , t h e c o m b i n a t o r i a l e n t r o p y t e n d e d to s h i f t t he p h a s e 

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

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

asymmetric p h a s e d i a g r a m . I n p r a c t i c e some p h a s e d i a g r a m s do n o t 33 
show t h i s e f f e c t , t h e phenomenon i s r e f e r r e d t o a s i r r e g u l a r a s y m m e t r y . 

I t was f o u n d t h a t t h e I n t e r a c t i o n p a r a m e t e r d e p e n d i n g o n 

c o n c e n t r a t i o n c a n o u t w e i g h t h i s e f f e c t . A c o n c e n t r a t i o n d e p e n d e n t ft 

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

H u g g i n s * t h e o r y c a n e x p l a i n t h e b i m o d a l i t y o f p h a s e b o u n d a r i e s . The h(xv«- been 

c a l c u l a t i o n s , h o w e v e r , l i m i t e d t o t h e U C S T b e h a v i o u r o f o l i g o m e r 

m i x t u r e s . 

Some a t t e m p t s h a v e b e e n made t o a p p l y t h e e q u a t i o n o f s t a t e 

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

s u c c e s s o f M c M a s t e r ' s t r e a t m e n t h a s a l r e a d y b e e n d e s c r i b e d . The 

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

we re p o l y s t y r e n e / p o l y ( v i n y l m e t h y l e t h e r ) a n d s t y r e n e - a c r y l o n i t r i l e 

c o p o l y m e r / p o l y c e T p r o l a c t o n e m i x t u r e s . The e x p e r i m e n t a l d a t a s howed 

f a r l e s s s e n s i t i v e t y t o t e m p e r a t u r e t h a n t h e c o m p u t e d c u r v e s . The 
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a u t h o r a t t r i b u t e d t h i s t o lae i n a c c u r a c y o f F l o r y 1 s e q u a t i o n o f 

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

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

34 
I n a d d i t i o n t o M c M a s t e r 1 s p a p e r , O l a b i s i ^ t r i e d t o s i m u l a t e 

t h e p h a s e b o u n d a r y f o r t h e p o l y ( £ - c a p r o l a c t o n e ) / p o l y ( v i n y l c h l o r i d e ) 

s y s t e m . U s i n g t h e s p i n o d a l e q u a t i o n g i v e n b y M c M a s t e r , he f o u n d t h a t 

v a r i a t i o n s i n t h e e x c h a n g e e n e r g y p a r a m e t e r X ^ o r "the s u r f a c e a r e a 

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

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

g e n e r a t i n g a n i r r e g u l a r a s y m m e t r i c p h a s e b o u n d a r y wa s a n d 
s / s ^ i . 

9 

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

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

m e t h a c r y l a t e ) m i x t u r e . U s i n g t h e s p i n o d a l e q u a t i o n g i v e n b y M c M a s t e r , 

t h e y f o u n d t h a t u n d e r t h e c o n d i t i o n c ^ ^ 0 a n d m-j/m2<^" '» a n i r r e g u l a r 

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

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

v a r i a t i o n I n t h e numbe r o f e x t e r n a l d e g r e e o f f r e e d o m . T h e numbe r o f 

e x t e r n a l d e g r e e s o f f r e e d o m p e r s e g m e n t I n t h e m i x t u r e , J>c, i s 

d e t e r m i n e d b y 
c = < ( > 1

c
1

+ < 1 > 2 c 2 " ^ 2 C 1 2 1 0 5 

I n t h i s w o r k t h e F l o r y e q u a t i o n o f s t a t e t h e o r y I n t h e o r i g i n a l 

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

s y s t e m s . F l o r y * s t r e a t m e n t h a s b e e n s h o w n t o b e a s e f f e c t i v e a s 

M c M a s t e r 1 s t r e a t m e n t i n p r e d i c t i n g t h e c o m p a t i b i l i t y b e h a v i o u r o f 

p o l y m e r m i x t u r e s . 

T h e t h e r m o d y n a m i c p a r a m e t e r s o b t a i n e d f r o m t h e h e a t s o f m i x i n g -

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

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

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

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

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

p a r a m e t e r Q ^ i s d e c i s i v e . W i t h o u t Q ^ "the t h e o r y c a n n o t p r e d i c t t h e 

p h a s e b o u n d a r y . F u r t h e r i m p r o v e m e n t c a n b e made b y c o n s i d e r i n g t h e 

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

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

1 . 3 • 5 • I n v e r s e g a s c h r o m a t o g r a p h y ( i G C ) f o r t h e s t u d y o f o n e - p h a s e 

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

B e c a u s e o f i t ' s c o n v e n i e n c e a n d v e r s a t i l i t y , I G C h a s f o u n d a 

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

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

35 
d e g r e e o f c r y s t a l l i l t i t y a n d r e l a t e d p h y s i c a l q u a n t i t i e s , t o t h e 

3 6 
t h e r m o d y n a m i c s o f p o l y m e r s o l u t i o n s , a n d t o t h e s t u d y o f p o l y m e r 

37 c o m p a t i b i l i t y . R e c e n t l y i t was e x t e n d e d t o t h e s t u d y o f m i c r o p h a s e 38 
s e p a r a t i o n p h e n o m e n o n a n d d o m a i n s i z e i n b l o c k c o p o l y m e r s • 

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

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

c a n b e d o n e "by m e a s u r i n g t h e h e a t o f m i x i n g o f o l i g o m e r s . B u t t h e 

s o o b t a i n e d i s o n l y r e l a t e d t o t h e I n t e r a c t i o n e n e r g y . F o r 

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

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

s e c t i o n , v a p o u r a b s o r p t i o n a n d I G C a r e t h e two m e t h o d s f o r t h i s . 

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

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

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

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

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

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

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

r e t e n t i o n v o l u m e s h o u l d b e t h e same a s t h e a v e r a g e v a l u e . 

I n t h i s w o r k I G C was s t u d i e d f r o m a p o i n t o f v i e w o f m e t h o d o l o g y . 

T h e b a c k g r o u n d o f t h e m e t h o d wa s e x a m i n e d . A t h e o r e t i c a l t r e a t m e n t 

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

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

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

p h e n o m e n o n o f c o p o l y m e r s . T h r e e c o m p a t i b l e s y s t e m s : P M M A / C P E , 

p o l y ( e t h y l m e t h a c r y l a t e ) ( P E M A ) / C P E a n d P B A / C P E w e r e s t u d i e d . We u s e d 

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

b ) p a c k e d w i t h two m i x e d p a c k i n g s , e a c h c o a t e d w i t h a s i n g l e p o l y m e r 

a n d c ) p a c k e d i n s e r i e s w i t h two s i n g l e p o l y m e r s . The c o l u m n s w e r e 

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

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

T h e r e s u l t s a r e d i s c u s s e d i n t e r m s o f t h e c o n v e n t i o n a l I G C t h e o r y a n d 

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

1 . 3 . 6 . T h e m i c r o s t r u c t u r e o f s o l u t i o n c h l o r i n a t e d p o l y e t h y l e n e 

The C P E s a m p l e s w e r e p r e p a r e d b y s o l u t i o n c h l o r i n a t i o n . 

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

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

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

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

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

t h e p o l y m e r d e c r e a s e s . When c h l o r i n e c o n t e n t r e a c h e s t o a b o u t 1 5 % b y 
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w e i g h t , C P E c h a n g e s f r o m a c r y s t a l l i n e p l a s t i c t o a t y p i c a l r u b b e r . 

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

c o n t a i n i n g m o r e t h a n 5 ° % c h l o r i n e b y w e i g h t , C P E b e c o m e s h a r d , t h e 

T ^ i s a b o v e 3 5 ^ C , t h e m a t e r i a l i s a p o l a r p l a s t i c . 

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

( s o l u t i o n ) o r h e t e r o g e n e o u s p h a s e ( s u s p e n s i o n ) . I n t h e l a t t e r t h e 

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

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

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

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

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

c o r r e s p o n d s t o t h a t o f p o l y ( v i n y l c h l o r i d e ) . S o l u t i o n c h l o r i n a t i o n 

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

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

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

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

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

39—42 

T h e r e a r e s e v e r a l r e p o r t s o f t h e m i c r o s t r u c t u r e o f C P E . 

T h e c h l o r i n a t i o n w a s s h o w n t o b e a h i n d e r e d - t y p e s u b s t i t u t i o n . A t 

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

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

e x c e e d s 5 s e q u e n c e s w i t h m o r e t h a n 4 a d j a c e n t m e t h y l e n e g r o u p s 

d i s a p p e a r a n d t h e - C C l ^ - g r o u p a p p e a r s . The s e q u e n c e d i s t r i b u t i o n 

i s a l s o d i f f e r e n t b e t w e e n s u s p e n s i o n a n d s o l u t i o n C P E s a m p l e s . 

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

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

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

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

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

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

o f c a r b o n t e t r a c h l o r i d e i s 76°C). I f t h i s s o l v e n t i s c h o s e n f o r h i g h 

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

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

l a b o r a t o r y p u r p o s e s . T e t r a c h l o r o e t h y l e n e was s u g g e s t e d a s s o l v e n t f o r 

4 3 

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

t e m p e r a t u r e was a r o u n d 1 0 0 ° C . The l i g h t o f a t u n g s t e n l a m p i s 

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

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

a p p e a r s t o b e n o t l a r g e i n t h i s c a s e . 

I n o r d e r t o h a v e a g o o d k n o w l e d g e o f t h e C P E p r e p a r e d f o r t h e 

w o r k , t h e m i c r o s t r u c t u r e o f C P E h a s b e e n s t u d i e d . V a r i o u s p h y s i c a l 

p r o p e r t i e s h a v e b e e n m e a s u r e d . T h e s t r u c t u r e o f t h e c h a i n h a s b e e n 1 3 

s t u d i e d u s i n g DTA a n d ^C h i g h r e s o l u t i o n NMR. The r e s u l t s s h o w t h a t 

t h e p r e p a r e d C P E h a s a more r a n d o m c h l o r i n e d i s t r i b u t i o n t h a n r e p o r t e d 

i n t h e l i t e r a t u r e . 
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2 . THEORY 

2 . 1 . I n t r o d u c t i o n 

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

c o n s i d e r e d i n t e r m s o f t h e s i g n o f 4 G m > t h e f r e e e n e r g y o f m i x i n g . 

I f A G ^ wa s n e g a t i v e , t h e m i x t u r e w a s m i s c i b l e b e c a u s e t h e f r e e e n e r g y 

o f t h e s y s t e m d e c r e a s e d a f t e r m i x i n g . Now i t i s k n o w n t h a t t h i s i s 

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

c o n d i t i o n . M a n y m i x t u r e s s how p a r t i a l m i s c i b i l i t y w h i l e t h e f r e e 

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

a t l e a s t i n t h e p h a s e s e p a r a t i o n r a n g e . The s t a b i l i t y o f a m i x t u r e I s 

a l s o d e t e r m i n e d b y t h e c u r v a t u r e o f A G . I n F i g u r e 1 4 G i s a f u n c t i o n m m 

o f t e m p e r a t u r e a n d c o m p o s i t i o n . The s y s t e m a t T^ i s m i s c i b l e i n a l l 

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

p a r t i a l l y m i s c i b l e r a n g e ( T ^ - T , , ) a l t h o u g h a t t h e s e t e m p e r a t u r e s 

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

h a v e t h e b i n o d a l d e f i n e d b y 

= or A»c( Afrxr+P-l 11) 
I 

w h e r e J J ? a n d J A ^ a r e t h e c h e m i c a l p o t e n t i a l s o f t h e c o m p o n e n t V i n 
l v 

t h e two s e p a r a t e d p h a s e s , g i v e n b y 

4 U r ( ^ G m y f c n { ) T > p 1 2 ) 

-a 1 3 ) 

A s u s u a l JA* i s t h e c h e m i c a l p o t e n t i a l o f t h e p u r e s u b s t a n c e a t t h e 1/ 

same T a n d P , a n d n» i s t h e m o l a r n u m b e r o f c o m p o n e n t " i i n t h e m i x t u r e . 

T h e s p i n o d a l I s d e f i n e d b y 

[ X A A ^ T j / ^ j ^ p ^ O 1 4 ) 

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

[ f t ^ / t e O / f c ^ ) , . p - o 1 5 ) 



where cj) i s t h e v o l u m e f r a c t i o n o f c o m p o n e n t 2 i n t h e m i x t u r e 

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

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

b y d e m i x i n g i n t o two n e i g h b o u r i n g p h a s e s . B e t w e e n s p i n o d a l a n d t h e 

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

o c c u r s i n t h i s r e g i o n t h e s y s t e m w i l l i n c r e a s e i t ' s f r e e e n e r g y . 

H o w e v e r t h e s y s t e m c a n d e c r e a s e i t ' s f r e e e n e r g y b y d e m i x i n g i n t o 

two s e p a r a t e d p h a s e s v e r y d i f f e r e n t I n c o m p o s i t i o n . 

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

p o l y m e r m i x t u r e s i s t o c a l c u l a t e t h e t h e o r e t i c a l A G ^ a n d i t 1 s 

d e r i v a t i v e s w i t h r e s p e c t t o c o m p o s i t i o n . 

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

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

i n c h a p t e r 1 w i l l be d i s c u s s e d , n a m e l y , a ) t h e i n t e r a c t i o n p a r a m e t e r 

ft i n t h e F l o r y e q u a t i o n o f s t a t e t h e o r y a n d b ) a c o m p a r i s o n b e t w e e n 

F l o r y ' s t r e a t m e n t a n d M c M a s t e r 1 s t r e a t m e n t o f t h e e q u a t i o n o f s t a t e 

t h e o r y . 

2 . 2 . The F l o r y - H u g g i n s l a t i c e m o d e l t h e o r y 

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

t o t h e h e a t o f m i x i n g a n d e n t r o p y o f m i x i n g , 

a ) I d e a l s o l u t i o n 

s o t h a t t h e s y s t e m c a n l o w e r i t ' s f r e e e n e r g y 

4 S = - R ( n „ 1 „ -fn 1 nfr0 ) 
m N 1 1 2 2 ' 

4 H = 0 
m 

16) 

17) 

b ) A t h e r m a l s o l u t i o n 

AS ( i d e a l ) 
m mx 

AR = 0 
m 

m 

18) 

19) 

c ) R e g u l a r s o l u t i o n 
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4 H # 0 2 0 ) 
m ' 

4 S = 4 S ( i d e a l ) 21 ) 
m irr ' ' 

d ) I r r e g u l a r s o l u t i o n 

A H *=0 2 2 ) 
m v 

AS ( i d e a l ) 2 3 ) 
m mv 7 

w h e r e n^ a n d n ^ a r e m o l a r n u m b e r s , a n d ^ a r e m o l a r f r a c t i o n s . The 

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

m a t h e m a t i c s : i n N ^ + N ^ p o s i t i o n s N^ m o l e c u l e s 1 a n d M^ m o l e c u l e s 2 

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

i i = ( N 1 + N 2 ) ! / ( N 1 ! N 2 ! ) 2 4 ) 

U s i n g t h e B o l t z r n a n n r e l a t i o n 

AS ( i d e a l ) = k l n H , 2 5 ) 
m 

a n d w i t h t h e h e l p o f t h e S t i r l i n g a p p r o x i m a t i o n 

N ! = ( N / e ) K 2 6 ) 

E q , 1 7 c a n b e d e r i v e d f r o m E q , 2 4 » 

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

b e c a u s e 4 H $=0 a n d was much l a r g e r t h a n p r e d i c t e d b y E q , 1 7 . I n 

1 9 4 1 H u g g l n s ^ a n d F l o r y ^ s o l v e d t h i s p r o b l e m i n d e p e n d e n t l y a n d 

s i m u l t a n e o u s l y . B a s e d o n t h e l a t t i c e m o d e l , t h e y made some a s s u m p t i o n s : 

a ) L a t t i c e s i t e s a r e e q u a l i n s i z e f o r s o l v e n t a n d p o l y m e r s e g m e n t , 

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

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

a n d d ) E v e r y l a t t i c e s i t e h a s a n e q u a l i n t e r a c t i o n s i t e numbe r Z w i t h 

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

P u r e l i q u i d s a n d t h e m i x t u r e h a v e t h e same Z n u m b e r . 

W i t h t h e s e a s s u m p t i o n s ^ S ^ c a n b e c a l c u l a t e d . On a l a t t i c e o f 

N ( N = N ^ + r 2 N 2 ) s i t e s N^ s o l v e n t m o l e c u l e s a n d N 2 p o l y m e r ( r 2 - m e r ) 

m o l e c u l e s a r e l o c a t e d . We f i r s t c o n s i d e r V . V . . „ i s t h e number o f 
0 + 1 0+1. 
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w a y s o f a r r a n g i n g t h e ( j + l ) t h p o l y m e r m o l e c u l e o n t h e l a t t i c e , a f t e r 

j p o l y m e r m o l e c u l e s h a v e a l r e a d y b e e n p l a c e d , 

V j + 1 = Z ( Z - 1 ) r 2 " " 2 ( N - r j ) r 2 / N r 2 ~ 1 2 7 ) 

E q . 2 7 comes f r o m t h e f o l l o w i n g a r g u m e n t s t h e f i r s t s e g m e n t o f t h e 

( j + l ) t h m o l e c u l e c a n t a k e a n y one f r o m t h e r e m a i n i n g ( N - r j ) s i t e s . 

T h e s e c o n d o n l y h a s Z ( N - r j ) / N s i t e s a v a i l a b l e , w h e r e Z m e a n s t h a t t h e 

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

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

i s ( N - r j ) / N . F o r t h e t h i r d s e g m e n t a n d u p t o t h e l a s t s e g m e n t , t h e 

p o s s i b l e s i t e s a r e ( Z - 1 ) ( N - r j ) / K . The t o t a l number o f 

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

J i = 0 / N ' ) 2 8 ) 
5-i J 

U s i n g t h e B o l t z m a n n r e l a t i o n a n d a p p l y i n g S t i r l i n g ' s a p p r o x i m a t i o n a s 

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

S / k = - N 1 l n ( ) > 1 - N 2 l n 4 > ? + K ? { l n ( r Z ) + ( r - 2 ) l n ( Z - l ) - r + l } 2 9 ) 

w h e r e 4> ^ a n d (p a r e v o l u m e f r a c t i o n s , $ a n d <f> ̂ r ^ N ^ / N . The 

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

p o l y m e r w h i c h c a n be d e s i g n a t e d a s S ? / k , a s may be s e e n b y p u t t i n g 

N ^ = 0 , T h e c o n f i g u r a t i o n a l e n t r o p y o f t h e p u r e s o l v e n t , S ^ / k = 0 , a s may 

b e s e e n b y p u t t i n g N 2 = 0 . T h e e n t r o p y o f m i x i n g i s t h e r e f o r e 

A Sm=~k(N1 In^ +N2ln^2 )=-R( r^ ln^ +n2lrKj>2 ) 30 ) 

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

t h a n o n e l a t t i c e s i t e a n d t h e same e q u a t i o n f o r A S w i l l b e o b t a i n e d , m 
F o r c a l c u l a t i o n o f A H t h e i n t e r a c t i o n e n e r g i e s o f t h e p u r e 

m 

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

E 1 1 = N 1 r 1 Z ( 0 , 5£ 1 1 ) 31) 

E 2 2 = N 2 r 2 Z ( 0 . 5 £ 2 2 ) 3 2 ) 

w h e r e i s t h e i n t e r a c t i o n e n e r g y b e t w e e n two m o n o m e r i c u n i t s o f 
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i a n d j s p e c i e s . F o r a m i x t u r e o f N^ m o l e c u l e s o f c o m p o n e n t 1 a n d 

N ^ m o l e c u l e s o f 2 , t h e i n t e r a c t i o n e n e r g y i s 

1 « f 1 + o . 5 e i 2
< ( > p ) + r ? N 2 z ( o . 5 8 2 J ? + 2 + o . 3 3 ) 

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

T h e p o s s i b i l i t y f o r s p e c i e s 1 t o b e i n c o n t a c t w i t h s p e c i e s 1 i s< j>^ 

a n d w i t h s p e c i e s 2 i s ( j ) 2 , e t c . The h e a t o f m i x i n g A E ^ i s g i v e n b y t h e 

d i f f e r e n c e b e t w e e n E ^ 2 a n d E ^ + E 2 » 

4 E m = E 1 2 - ( E 1 1 + E 2 2 > 

= Z ( N 1 r 1 + N p r 2 ) 4 > 1 4 > 2 ( 8 1 ? - 0 . 5 t i r 0 . 5 £ 2 J ? ) 

=n^?yRT 34) 

w h e r e i s t h e e n e r g y c h a n g e f o r f o r m i n g o n e c o n t a c t b e t w e e n 1 a n d 2 , 

a n d 

^ Z r ^ S / k T 3 5 ) 

)C i s k n o w n a s t h e F l o r y - H u g g i n s i n t e r a c t i o n p a r a m e t e r . The e n t h a l p y 

o f m i x i n g 4 H i s 
° m 

AE = Z E + 4 ( P V ) = 4 E + P 4 V +VA? 36) 
m m N / m m m m 

w h e r e AV a n d AP a r e t h e c h a n g e s o f t h e v o l u m e a n d p r e s s u r e o f t h e 
m m 0 

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

t h a t AP = 0 , A t a t m o s p h e r i c p r e s s u r e "PAY i s much s m a l l e r t h a n AE • 
m v 1 m m 

H e n c e a h c a n b e a p p r o x i m a t e d t o A E , 
m m 

4 H m ^ V i + a J ® * 3 7 > 
T h e f a m i l i a r f o r m o f AG i s t h e r e f o r e d e r i v e d , 

m 

4 G m = 4 H m - T 4 S m = R T ( n 1 + n
2

l n 3 6 > 

F r o m t h e d e r i v a t i o n i t c a n b e s e e n t h a t t h e t h e o r y i s b a s e d o n 

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

b e a r s t h e f e a t u r e s o f t h e s e t h e o r i e s ^ . The t h e o r y g r a s p s t h e m a i n 

c h a r a c t e r i s t i c o f l o n g c h a i n m o l e c u l e s — t h e i r f l e x i b i l i t y , a n d t h e 
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d e r i v e d 4 S m c a n e x p l a i n t h e e x t r a o r d i n a r i l y l a r g e e n t r o p y o f m i x i n g . 

T h e t h e o r y c a n n o t , h o w e v e r , be a p p l i e d t o d i l u t e s o l u t i o n s b e c a u s e 

a s s u m p t i o n 2 d o e s n o t h o l d . N e i t h e r c a n i t be a p p l i e d t o a s y s t e m 

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

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

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

s p i n o d a l a n d t h e c r i t i c a l p o i n t c a n be o b t a i n e d u s i n g E q s . 1 1 - 1 5 * 

F o r t h e b i n o d a l 

AJJ-pAU-, a n d 3 9 ) 

w h e r e 

= R T [ l n f y + ( 1 - r 1 / r ? 1 4 0 ) 

A M ? = R T [ l n < } > ? + ( l - r ? / r 1 H 1 + ( r ? / r 1 4 1 ) 

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

^ / r ^ t l A r ^ + l A r p M 42) 
a n d f o r t h e c r i t i c a l p o i n t 

Jr., / J h ? 
V r 1 ^ ( V r f + 1 / r f r 4 3 ) 

a n d 

4 > 2 o = r f / ( r f + r f ) 4 4 > 

I n E q s . 4 2 a n d 43 ^C a n d ftc a r e i m p l i c i t f u n c t i o n s o f 

t e m p e r a t u r e . A c c o r d i n g t o t h e d e f i n i t i o n ( E q . 3 5 ) ^ i s p r o p o r t i o n a l t o 

1 / T , t h i s w i l l r e s u l t i n a v e r y s l o w c h a n g e o f ft o v e r t h e t e m p e r a t u r e 

o f p h a s e s e p a r a t i o n . H e n c e / ( T ) m u s t be m e a s u r e d e x p e r i m e n t a l l y . I n 

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

c r i t i c a l p o i n t o n t h e m o l e c u l a r w e i g h t 4 7 . I t i s a s s u m e d t h a t X i s 

c o m p o s e d o f a t e m p e r a t u r e - i n d e p e n d e n t e n t r o p y p a r a m e t e r k ^ a n d a 

t e m p e r a t u r e - d e p e n d e n t e n t h a l p y p a r a m e t e r . 

k ^ i p ^ e / T 4 6 ) 
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S u b s t i t u t i o n o f E q s . 4 5 a n d 46 i n t o E q . 4 3 y i e l d s 

1 / V 1 /e t1 +1 (rt/rf+r 1 /2r2 ̂  
F r o m t h e m e a s u r e m e n t s o f c r i t i c a l p o i n t s o f d i f f e r e n t m o l e c u l a r 

w e i g h t s a m p l e s 0 a n d c a n b e o b t a i n e d . E q . 4 5 t h e n g i v e s t h e 

n u m e r i c a l c o r r e l a t i o n b e t w e e n ft a n d T f o r e a c h s y s t e m . 

2 , 3 * The F l o r y e q u a t i o n o f s t a t e t h e o r y 

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

c a l c u l a t i n g a n a p p r o x i m a t e p a r t i t i o n f u n c t i o n f o r n o n - a t t r a c t i v e 

48 

m o l e c u l e s . F l o r y e x t e n d e d T o n k 1 s p a r t i t i o n f u n c t i o n f o r a o n e -

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

l i n e o f l e n g t h L t o t h e t h r e e - d i m e n s i o n a l c a s e . T o n k ' s p a r t i t i o n 

f u n c t i o n i s 

a p p r o x i m a t i o n was u s e d I n o r d e r t o o b t a i n t h e s e c o n d e x p r e s s i o n i n 

E q . 4 8 . F l o r y 1 s e x t e n d e d e q u a t i o n i s 

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

v = V / r , V i s t h e v o l u m e o f a m o l e c u l e a n d r i s t h e numbe r o f s e g m e n t s 

esS -)(• 
o f t h e c h a i n m o l e c u l e , v i s t h e r e d u c e d v o l u m e , v = v / v . ^ i s a g 

g e o m e t r i c f a c t o r . T h e p a r a m e t e r c i s i n t r o d u c e d s u c h t h a t 3c 

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

s e g m e n t f o l l o w i n g P r i g o g i n e ' s t r e a t m e n t o f t h e s t a t i a t i c s o f 

49 

c o m p l i c a t e d m o l e c u l e s . ' 

F o r a s y s t e m i n w h i c h t h e r e a r e i n t e r a c t i o n s b e t w e e n m o l e c u l e s 

F l o r y u s e d a " m e a n " i n t e r m o l e c u l a r a t t r a c t i v e e n e r g y E Q , 

E Q = - N r s ^ / 2 v 

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

* 
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p r o p o r t i o n a l t o t h e s u r f a c e a r e a p e r s e g m e n t v o l u m e , N i s t h e numbe r 

o f m o l e c u l e s , a n d — ^ / v i s t h e I n t e r m o l e c u l a r e n e r g y p e r c o n t a c t . Now 

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

Z = A e x p ( - E 0 / k T ) 5 1 ) 

D e f i n i n g a r e d u c e d t e m p e r a t u r e a s 

~ / * * / \ 
T = T / T = 2 v c k T / s ^ 5 2 ) 

The p a r t i t i o n f u n c t i o n c a n be w r i t t e n a s 

Z = c o n s t ( v * - 1 ) 3 N r c e x p ( N r c / v T ) 5 3 ) 

w h e r e t h e c o n s t a n t i s i n d e p e n d e n t o f T a n d v . 

U s i n g 

P = ( k T / N r ) ( * l n Z / * v ) T 5 4 ) 

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

P v / T = v ~ / ( v ^ - 1 ) - 1 / V T ' 5 5 ) 

w h e r e 

P=P/P*=2PV*2/S ̂  56) 
* * •* 

The c h a r a c t e r i s t i c p a r a m e t e r s P , v a n d T s a t i s f y t h e e q u a t i o n 

P v = c k T 5 7 ) 

I t c a n be s e e n t h a t t h e F l o r y e q u a t i o n o f s t a t e t h e o r y h a s two 

i m p o r t a n t c h a r a c t e r i s t i c s : a ) The c a l c u l a t i o n o f t h e e n t r o p y t e r m J \ 

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

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

s u b s t a n c e , b ) T h e p a r a m e t e r s i s i n v o l v e d i n t h e e n e r g y t e r m E q . 

E v e r y c o m p o n e n t h a s i t ' s own s v a l u e . T h i s i s c o n t r a r y t o t h e F l o r y -

H u g g i n s t h e o r y w h e r e t h e same v a l u e o f t h e c o o r d i n a t i o n n u m b e r Z i s 

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

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

b i n a r y l i q u i d m i x t u r e c a n b e w r i t t e n a s 

^ c o m b - ^ - V 1 ^ 5 8 ) 
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w h e r e Z ^ i s t h e c o m b i n a t o r i a l f a c t o r f o r i n t e r m i x i n g t h e two 

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

c h o s e n t o be o f e q u a l c o r e v o l u m e . F l o r y s u g g e s t s t h a t t h i s c h o i c e 

i s n o t r e s t r i c t i v e i n a s m u c h a s n e x p ^ E ^ / k T ) d o e s n o t d e p e n d o n t h e 

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

f u n c t i o n f o r t h e m i x t u r e i s t h e r e f o r e 

Z = c o n s t Z c o m b ( v * - 1 ) 5 r N c e x p ( - E 0 / k T ) 5 9 ) 

w h e r e 

N=N +N 6 0 ) 

^ ( r ^ + r ^ J / N 6 1 ) 

c = ( r 1 ^ C l + r ? N 2 c ? ) / r N f>? ) 

C o n s i d e r t h e e q u a l c o r e v o l u m e a s d e s c r i b e d a b o v e , f r o m E q . 6 1 t h e c o r e 

v o l u m e r e l a t i o n i s d e r i v e d . 

r N v s r ^ v + r N 2 v , w i t h v 1 = v ? = v 6 3 ) 

Now i f we r e d e f i n e a n d <f>2 a s t h e s e g m e n t f r a c t i o n s i n s t e a d o f 

t h e v o l u m e f r a c t i o n s i n t h e F l o r y - H u g g i n s t h e o r y , 

4 > 2 = 1 - < f r 1 ^ r 2 N 2 / r N 6A ) 

E q . 6 2 c a n b e r e w r i t t e n a s 

0 = 0 ^ + 0 ^ 65) 

T h e e n e r g y E Q o f t h e m i x t u r e t a k e s t h e f o r m o f t h a t f o r a p u r e 

c o m p o n e n t , i . e . 

- V A 1 1 * 1 1 + A 2 2 * 2 2 + A 1 2 4 l 2 > / V 6 6 > 

w h e r e A ^ i s t h e n u m b e r o f i , j c o n t a c t s , e a c h c o n t a c t b e i n g 

c h a r a c t e r i z e d b y t h e e n e r g y . / v . We t h e n h a v e 

2 A 1 1 + A 1 2 = S 1 r 1 N 1 6 7 > 

2 A 2 2 + A 1 2 = s 2 r 2 N 2 6 8 ) 

F o r a r a n d o m m i x t u r e 

A 1 2 = S 1 r 1 K
1

9 2 = S ? r 2 N 2 e i 6 9 ) 
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The I n t e r m o l e c u l a r e n e r g y c a n be w r i t t e n a s 

- E 0 / r N = ( 6 1 1 + 6 ^ - 0 ) ( s / 2 v ) 70 ) 

w h e r e 

^ = ^ 1 ^ 2 2 - ^ 1 2 7 1 } 

s = ( S l r 1 ^ + s 2 r 2 N 2 V r N ^ s 1 7 2 ) 

The s i t e f r a c t i o n s a n d a r e d e f i n e d b y 

6 2
= 1 " e i = s 2 r 2 N 2 ^ S 1 r l N 1 + S 2 r 2 N 2 1 + S 2 ^ 2 ^ 7 5 ^ 

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

-E0/rN=F*v*/v 74) 
f o r t h e m i x t u r e . C o m p a r i s o n o f t h i s e q u a t i o n w i t h E a s . 7 0 and 56 g i v e s 

p *=d> p *+4> P * - <b 9 X 7 ^ ) r ? T ? 12 W 

where 

X 1 ? = s 1 ^ / 2 v * ? 7 6 ) 

S i n c e E q . 5 7 a p p l i e s a l s o t o t h e m i x t u r e , i t f o l l o w s t h a t 

1 ) / P * 77 ) 

The same f o r m o f t h e e q u a t i o n o f s t a t e f o r t h e m i x t u r e a s t h a t f o r a 

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

r e d u c e d v a r i a b l e s P = P / P a n d T = T / T f o r t h e m i x t u r e d e p e n d o n 

c o m p o s i t i o n . 

F o r a b i n a r y m i x t u r e t h e H e l m h o l t z f r e e e n e r g y o f m i x i n g i s 

A F m = - R T l n ( z / Z 1 Z 2 ) 

= R T ( n 1 l n ^ 1 + n 2 l n ^ 2 ) + 3 ? N v * f < ) > 1 P * T 1 l n [ ( v ^ - . 1 ) / ( v * - 1 ) ] 

+<F2P2T2LNT(V|-1 ) ] } + 5 N V * ( ^ P ^ + V ^ - P V V ) 7 8 ) 

T h e l a s t t e r m i n E q . 7 8 i s t h e e n e r g y o f m i x i n g 4 E ^ w h i c h c a n b e 

o b t a i n e d d i r e c t l y f r o m E q , 7 4 » A t a t m o s p h e r i c p r e s s u r e A H f we . c a n 

w r i t e 

AH m=5Nv*(+ ̂ ^ + < | > 2 P 2 / V 2 - P V ) 79 ) 

o r n o t i n g E q . 7 5 , 
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A H ^ H / D ^ P * ^ ; 1 - V 1 )+<t.?P2(^1-^-1 )+t>1&2X12/v] 80) 
T h e r e s t o f t h e t e r m s i n E q . 7 8 a r e t h e e n t r o p y o f m i x i n g i n w h i c h 

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

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

i s - r N v w h e r e Q ^ i s t h e e m p i r i c a l i n t e r a c t i o n e n t r o p y 

p a r a m e t e r . Q ^ r e f l e c t s t h e c h a n g e o f e n t r o p y due t o t h e I n t e r a c t i o n 

7 

o f u n l i k e s e g m e n t s d u r i n g m i x i n g • Now we c a n w r i t e 

- T A S m = R T ( n 1 l n < f > 1 + n ? l n ^ ) + 3 ? W v ^ < J > 1 P * T 1 l n I ( v ^ - . 1 ) / ( v ^ - 1 ) ] 

+ t ? P * T ? l n [ ( ^ - 1 flj-rNA^TQ^ 81 ) 

T h u s a t a t m o s p h e r i c p r e s s u r e t h e G i b b s f r e e e n e r g y o f m i x i n g 

c a n be c a l c u l a t e d u s i n g t h e o r d i n a r y t h e r m o d y n a m i c e q u a t i o n . 
A O =4H - T 4 S 8 2 ) 

m m m 

A t e l e v a t e d p r e s s u r e E o . 8 2 s hou l d , i n c l u d e t h e t e r m A ( p v ) a s v m 

d i s c u s s e d i n E q . 3 6 . 

We c a n , h o w e v e r , u s e t h e H e l m h o l t z f r e e e n e r g y o f m i x i n g t o 

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

be k e p t a t c o n s t a n t t e m p e r a t u r e a n d v o l u m e . 

=RT[lncf> 1 + ( 1 - r i / r 2 ) 4 > 2 ] + P * V * [ 3 T 1 l n [ ( v f - 1 ) / ( v ^ - 1 ) ] 

' ' h P / v - v . , ) J f ( Z 1 2 - T Q 1 2 v ) V * 0 ^ 8 3 ) 

The f i r s t t e r m i n E q . 8 3 i s t h e c o m b i n a t o r i a l e n t r o p y t e r m a s i n t h e 

F l o r y - H u g g i n s t h e o r y . The n e x t two t e r m s r e f l e c t t h e e q u a t i o n o f 

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

s a i d t h a t t h e s e c o n d t e r n i s t h e e q u a t i o n o f s t a t e c o n t r i b u t i o n a n d 

t h e t h i r d t e r m i s t h e i n t e r a c t i o n c o n t r i b u t i o n . H o w e v e r i t m u s t be i^rt) 

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

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



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

4JU.J i s t h e s t a r t i n g p o i n t f o r c a l c u l a t i n g t h e p h a s e b o u n d a r y 

o f a p o l y m e r m i x t u r e . U s i n g E q s . 1 1 , 1 4 a n d 1 5 , we c a n c a l c u l a t e "ihe. 

b i n o d a l , s p i n o d a l a n d c r i t i c a l p o i n t . The s p i n o d a l i s 

- 1 + ( 1 - r , / r 2 ) - ( P * 7 * / R T * ) ( J l v / » < t > 2 ) ] 

+(P*V*/RT)( 1/V2+P., )av/3l>?+( V12/RT)[20ie2/(^|>1(|)2) 

- ( e )9v/a<f>2]-(v*Q1 ? / R )[20 )] =0 84 ) 

w h e r e 

J V a t ^ ^ P / d V (1 /T ) (P+1 /v? 2] /(2/73-T(#-2/3 )/ 
[ v M - 1 8 5 ) 

3?/3<1>2=Cp*-P2+X1 2 e ? ( 91 /(f>?-1 ) > / P * 2 86 ) 

a ? M ? = ( p * A * - p * / T * ) T / p * 4 { p * - p * + y 1 ? e ? ( e 1 / < | ) ; , - i ) ] T / P * e 7 ) 

a nd t h e c r i t i c a l p o i n t 

/[vM-1 ) ] } + ( p X / r t ) [ ( - ? / V 3 ) 0 7 / & < | . 2 ) 2
+ ( I / V 2

+ P 1 

+ ( v * x 1 2 A T ) [ ( i / 7 ) [ 2 ( a e ? / 8 t 2 ) 2
+ 2 0 2 a 2 6 2 ^ 2 ] - ( i / 7 2 ) [ 4 e 2 ( j e 2 

/<>4>? ~/a<j) ? ) 2 } = 0 8 8 ) 

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

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

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

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

F l o r y 2 5 . 

I n o r d e r t o u s e t h e e q u a t i o n o f s t a t e t h e o r y , t h r e e p a r a m e t e r s 

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

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

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

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

o * = v ~ 1 ft v / & T ) p = ( T / T v ) ( d v / * T ) - 8 9 ) 
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k = - v - 1 ( ^ / & P ) T ^ ( P / P v ) ( a v / ^ P ) - 9 0 ) 

* = ( a P / d T ) v = « y k = ( TP/TP 91 ) 

S o l v i n g - t h e e q u a t i o n o f s t a t e ( E q . 5 5 ) f i r s t f o r T a n d t h e n f o r P . 

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

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

( * T ) - 1 = l / 3 ( v i - 1 ) - 1 + 2 P v 2 / ( P v 2 + 1 ) 9 2 ) 

( k P ) ~ 1 = [ l / 3 ( v ^ - 1 ) - l ] ( l + " l / P v 2 ) + 2 9 3 ) 

* T / P = 1 + 1 / P v ? 9 4 ) 

A t z e r o p r e s s u r e t h e e q u a t i o n o f s t a t e r e d u c e s t o 

1 Sl 

( v 3 - 1 ) / v 3 = T 9 5 ) 

a n d t he r e l a t i o n s f o r d , k and T become 

o i / T = 3 ( ^ - 1 ) / [ 1 - 3 ( v - - 1 )J o r 1 + J T ) 9 6 ) 

k = 3 ( v ^ - 1 ) v 2 / [ 1 ~ 3 ( V 4 - 1 ) ] F * = c * T V 2 / P * 97) 

Y = P > v 2 9 8 ) 

v a n d P c a n be c a l c u l a t e d f r o m E o s . 9 2 - 9 4 o r E q s . 9 6 - 9 8 i f c* a n d k o r 
* / 

y a r e k n o w n . T c a n be c a l c u l a t e d f r o m t h e e q u a t i o n s o f s t a t e v E q s . 5 5 

Qr 9 5 ) * The l a s t s t e p i s t o c a l c u l a t e v u s i n g d a n d v . Once t h e 

t h r e e c h a r a c t e r i s t i c p a r a m e t e r s P ,T a n d v a r e k n o w n , a n y 

t h e r m a d y n a m i c f u n c t i o n c a n be c a l c u l a t e d . 

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

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

v = l / d 9 9 ) 

d v ( T , p ) = ( b v / ^ T ) p d T + ( W / ^ P ) T d P 1 0 0 ) 

d d ( T , p ) = ( 2 ) ^ T ) p d T + G ) o l / & p ) T d p 1 Q 1 ) 

d )f(T, P ) = ( & r / & T ) p d T + ( y r / & P ) T d P 102 ) 

w h e r e 

( d v / & T ) p = U v 1 0 3 ) 

( ^ P ) T = - k v 1 0 4 ) 
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T - 4 P e * 5 T v 2 / ( P v 2 + 1 ) 2 1 0 5 ) 

= OL ? ( 7 + 4 « *T ) / 3 p = 0 1 0 6 ) 

( ^ P ) T ^ U 2 T / 9 ( v i l ) 2 - ( 1 / P * — 2 P k ) 2 v 2 C * 2 T / ( P V 2 + 1 ) 2 1 0 7 ) 

= k ( l + ^ T ) ( 3 + W ) / 3 T P = 0 1 0 8 ) 

( ^ Y / i T ) p = - ^ ( 1 + 2 ( * T ) /T+2<*P/T 109 ) 

= - Y ( 1 + 2 CU ? ) / T P = 0 1 1 0 ) 

( b t f / f c P ) T = l / T + 2 t f k - 2 k P / T 1 1 1 ) 

= l / T + 2 t f k P = 0 1 1 2 ) 

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

. i n t e r a c t i o n e n e r g y p a r a m e t e r X . ^ . I n p r i n c i p l e t h i s c a n be d o n e b y 

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

s o l u t i o n s o r o l i g o m e r m i x t u r e s A H c a n be m e a s u r e d . B y s i m u l a t i n g — rn 
A H o v e r t h e w h o l e c o n c e n t r a t i o n 7.->ange c a n be e v a l u a t e d . . A n 

m ' 1 
7 

a l t e r n a t i v e m e t h o d i s b y f i r s t e v a l u a t i n g B . T h e B i s d e f i n e d a s 

B = L i m ( < ( > ^ 0 ) ( 4 H m / K 1 ^ 2 ) = L i m ( N ? - > 0 ) ( A H ) ( V * / V * ) 

= ( V * / v 1 ) { p * / v y - 1 - * , T ( 1 - T j , / ^ ) ] + ( 1 T ) ( s ? / s 1 ) X 1 p } 1 1 4 ) 

E x t r a p o l a t i n g A H / N ^ p t o $ p = 0 , B c a n b e f o u n d . X^ ? c a n t h e n be 

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

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

I f t h e m i x t u r e h a s a n a d d i t i v e v o l u m e ; 

v ^ ^ - H t y ^ 1 1 5 ) 

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

v = v - v 

— E #~0 A r O 

116) 

"v / v =AV A 1 1 7 ) 
' nr 

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

A V m i s z e r o d u r i n g m i x i n g . I n E q . 1 1 7 t o c a l c u l a t e A V m ( = f ( d ^ , o L ^ J f ^ X ^ ) ) 

t h e o n l y u n k n o w n p a r a m e t e r i s X ^ a s l o n g a s a l l t h e e q u a t i o n o f s t a t e 
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p a r a m e t e r s o f two m i x e d c o m p o n e n t s a r e k n o w n . c a n be m e a s u r e d 

18 2 3 

d i r e c t l y d u r i n g m i x i n g ' , o r d e d u c e d f r o m t h e d e n s i t y o f t h e 

m i x t u r e . 

* V V ° = 1 / ( w 1 / d 1 + w 2 / d 2 ) d m " 1 1 1 8 5 

w h e r e wH a n d a r e t h e w e i g h t f r a c t i o n s , d . , d_ a n d d a r e d e n s i t i e s . 
1 2 1 2 m 

I G C c a n b 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 p a r a m e t e r ft i n 

p o l y m e r m i x t u r e s . The t h e o r e t i c a l e q u a t i o n s w i l l be d i s c u s s e d 

l a t e r , ft c a n be e x p r e s s e d i n t e r m s o f t h e r e s i d u a l c h e m i c a l 

p o t e n t i a l o f t h e e q u a t i o n o f s t a t e t h e o r y ( s e e s e c t i o n 2 . 5 ) . T h u s X . ^ 

34 
i s e v a l u a t e d f r o m t h e ft m e a s u r e m e n t . O l a b i s i u s e d t h e X ^ s o 

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

X „_ o b t a i n e d f r o m A H a n d A V i s o n l y a n i n t e r a c t i o n e n e r g y 
12 m m J 

p a r a m e t e r , b u t t h e X ^ o b t a i n e d f r o m I G C i s r e l a t e d t o t h e f r e e 

e n e r g y o f m i x i n g , 2 = ^ 1 2 ' i n c l u d e s t h e c o n t r i b u t i o n o f 

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

The l a s t p r o b l e m o f u s i n g t h e t h e o r y i s t h e e v a l u a t i o n o f s ^ / s ^ , 

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

t h r e e m e t h o d s : a ) When t h e c r y s t a l l o g r a p h i c d a t a a r e a v a i l a b l e s f o r 

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

7 5 0 

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

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

t h e u n i t c e l l . The r a d i u s E i s d e t e r m i n e d b y t h e c h a r a c t e r i s t i c * 
v o l u m e v . 

* R = ( v 2 / h i r ) ^ 1 1 9 ) 

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

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

M 3 v * / 4 i r ) * 1 2 0 ) 

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

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

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

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

51 

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

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

2 . 4 * K o n i n g s v e l d 1 s t h e o r y 

F o r some o l i g o m e r m i x t u r e s t h e c l o u d p o i n t c u r v e s f r e q u e n t l y 

a p p e a r t o h a v e a n u n u s u a l s h a p e s u c h a s a s h o u l d e r o r two p e a k s . I n g 

o r d e r t o e x p l a i n t h i s p h e n o m e n o n K o n i n g s v e l d s t a r t s f r o m t h e o r i g i n a l 

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

A G y R T ^ m ^ l n ^ + ^ m ^ l n ^ + r f T ^ p ) 1 ? 1 ) 

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

f i t t i n g t h e e x p e r i m e n t a l d a t a . U s u a l l y T (T f<|> ?) i s a v a n L a a r t y p e 

f u n c t i o n . 

r = g ( T ) ^ 1 2 2 ) 
K o n i n g s v e l d a s s u m e s t h a t g ( T ) i s a c o m p l e x f u n c t i o n o f t h e 

c o n c e n t r a t i o n w i t h g 1 < 0 ' e 2 > 0 a n d l ^ l ^ ^ l l * W i t h 

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

i s m a r k e d l y b i m o d a l ( F i g u r e 2 ) . He f u r t h e r s h o w s ( F i g u r e 3 ) t h a t t h e 

4 G (4> ) c u r v e i s n o t s m o o t h b u t h a s s l i g h t r i p p l e s . I n o r d e r t o m 1 2. 

e x p l a i n t h e f o r m o f g ( T ) , h e u s e s H u g g i n s 1 new t r e a t m e n t . H u g g i n s 

e x p r e s s e s g a s 

e = f l [ i - ( i - p ) 4 > 2 - j - 1 = 0 Q - 1 1 2 3 ) 

w h e r e P= (0 " 2 /(T| ) / ( v ^ / v ^ ) , a n d C ^ a n d v ^ a r e t h e c o n t a c t a r e a a n d 

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

p = C 2 ^ € / 2 R T , w i t h 4 € = t h e i n t e r c h a n g e e n e r g y . H u g g i n s , l i k e F l o r y , 

i n t r o d u c e s t h e i n t e r a c t i n g s u r f a c e s o f t h e s e g m e n t i n o e d e r t o 
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e x p l a i n t h e c o n c e n t r a t i o n d e p e n d e n c e o f t h e I n t < a c t i o n p a r a m e t e r . 

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

o f a s e g m e n t o n i t ' s a v e r a g e o r i e n t a t i o n w i t h r e s p e c t t o t h e 

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

n u m b e r o f o r i e n t a t i o n s o f t h e s e g m e n t e q u a l t o V ^ when i t i s a t 

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

v a l u e V ^ ( l - k s ) f o r a s e g m e n t i n t h e u n d i l u t e d p o l y m e r , h e c a l c u l a t e s 

two o r i e n t a t i o n a l c o n t r i b u t i o n s t o t h e e n t r o p y o f m i x i n g . Now A G ^ 

h a s t h e f o r m 

AGm/RT=<)> 1m^ 1 I n f , +<f>2m^1 l n ^ + g ^ - f , l n ( 1 + k 1 P<f>?Q~1 ) 

- ^ l n O + k ^ Q " 1 ) 1 2 4 ) 

Two p a r a m e t e r s k „ a n d k „ a r e r e l a t e d t o k . a n d k._ b y k . = k . / 0 + k ' ) 
S i S t I r S I 1 1 

a n d c o n s i d e r e d a s e m p i r i c a l p a r a m e t e r s . Q=1-Y<J>2, y = 1 - s p / s ^ , = 

i n t e r a c t i n g s u r f a c e o f s e g m e n t i p e r u n i t v o l u m e . E q . 1 2 4 c a n be u s e d 

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

m i x t u r e s I f i t i s a s s u m e d t h a t k ^ i s n e g a t i v e w h i l e k ^ i s p o s i t i v e . 

F u r t h e r s t u d y s h o w s t h a t t h e H u g g i n s k - p a r a m e t e r s a r e c o n n e c t e d 

w i t h t h e p o l y m e r c o i l e x p a n s i o n f a c t o r of^ a n d ot^, 

o l ^ = ( r 2 / r 2
( 0 r = 1 + k 1 ( l - ' ' ) < f ' 2 Q _ 1 1 2 5 ) 

o ( | = ( 5 2 / ? 2
> 0 ) - 1 + k ^ Q - 1 1 2 6 ) 

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

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

t h e p r e c e e d i n g e q u a t i o n s ( E q s . 1 2 5 a n d 1 2 6 ) become 

( ^ ) d = 1 + k 2 (<t>2=0, 4 > 1 = 1 ) 1 2 8 ) 

A n e g a t i v e k ^ a n d a p o s i t i v e k 2 i n d i c a t e c o n t r a c t i o n o f c o i l s 1 

embedded i n p u r e 2 , a n d e x p a n s i o n o f c o i l s 2 i n p u r e 1 . 

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

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

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

i n t h e o t h e r i s r e l a t i v e l y s m a l l a n d t h e s i t u a t i o n i s q u i t e s i m i l a r 

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

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

h o m o g e n e o u s l y m i x e d a n d t h e s e g m e n t d e n s i t i e s may b o t h be a s s u m e d t o 

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

t h e c o i l d i m e n s i o n s . k'orinCjS^M s u g g e s t s a c o r r e c t i o n f o r g o f t h e f o r m 

s=g°( i-vp? +4p2 1 ?9 Sj 

o d d 

where g', ĝ  and g^ are the g-values for the concentrated and for the 

two dilute concentration ranges, respectively. The probability P. K. 
t h a t a g i v e n v o l u m e e l e m e n t I n t h e m i x t u r e d o e s n o t f a l l w i t h i n a n y 

c o i l d o m a i n k i s g i v e n b y 

P k = e x p ( - p k v k ) = e x p ( - A k 4 > k ) 1 3 0 ) 

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

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

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

d e n s i t y n a y l e a d t o b i m o d a l s p i n o d a l s . 

I n c o n c l u s i o n , t h e r e two p o s s i b l e r e a s o n s f o r t h e p e c u l i a r 

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

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

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

m i x t u r e . I t may w e l l b e t h a t b o t h m e c h a n i s m s a r e o p e r a t i v e . 

K o n i n g s v e l d 1 s t h e o r y e x p l a i n s t h e b i m o d a l i t y o f s p i n o d a l s o f 

o l i g o m e r m i x t u r e s a n d c o n c l u d e s t h a t o n e c o i l may s h r i n k i n s u c h 

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

2 . 5 . The i n t e r a c t i o n p a r a m e t e r ft i n F l o r y 1 s t h e o r y 
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T h e l a s t two t e r m s o f E q . 8 3 a r e t h e r e s i d u a l c h e m i c a l 

p o t e n t i a l o f t h e s o l v e n t A M ^ » f r o m w h i c h t h e i n t e r a c t i o n p a r a m e t e r 

ft o f t h e F l o r y - H u g g i n s t h e o r y c a n be c a l c u l a t e d . 

/ ^ / R T ^ ^ P ^ / R T c f p ^ T ^ n ^ - l )/(v*-1 ) ] + ( v ; 1 - V 1 ) 

+ P 1 ( v - ^ ) } + ( x 1 ? - T Q 1 2 v ) V * e 2 / R r I V < l > 2 1 31 ) 

F o r s i m p l i c i t y ft c a n be r e w r i t t e n a s 

^ = ( P ^ / R T « ( > 2 ) [ 3 T 1 l n [ ( ^ - 1 ) / ( v ^ - 1 ) J f ( v ; 1 - v - 1 ) 

+ X 1 ? V * e 2 / R T v ^ 1 3 ? ) 

i f t h e s i t u a t i o n w h e r e p = a t m o s p h e r i c p r e s s u r e ( a p p r o x i m a t e l y z e r o ) 

a n d Q ^ = 0 i s c o n s i d e r e d . 

O w i n g t o t h e e q u a t i o n o f s t a t e c o n t r i b u t i o n , ^C i s n o n z e r o e v e n 

f o r a n a t h e r m a . l po l . ymer s o l u t i o n . The c o n c e n t r a t i o n d e p e n d e n c e o f ft-

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

r a t i o s ^ / s ^ . I n some c a s e s t h i s d e p e n d e n c e i s v e r y s e n s i t i v e t o 

c h a n g e s i n s ^ / s ^ . 

I f , h o w e v e r , ) / i s c a l c u l a t e d f r o m t h e r e s i d u a l c h e m i c a l 

p o t e n t i a l o f t h e s o l u t e , s t i l l a s s u m i n g P = 0 a n d Q ^ 2 = 0 , a s e c o n d 

e q u a t i o n r e s u l t s . 

X ' = ( 4 M * / R T * 2 ) ( V * / V * ) = £ P * V * ( 3 ? 2 M [ C 4 - 1 ) / ( V 4 - 1 ) ] + ( V 2
1 - V _ 1 ) 

+ v * x 1 2 ( s 2 / S l ) e 2 / ? } / R T t ? 1 3 3 ) 

T h e o r e t i c a l l y ^ s h o u l d b e e q u a l t o ft , b u t a s s h o w n i n t h e f o l l o w i n g 

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

l a r g e a n d d o m i n a n t c o n t r i b u t i o n t o t h e v a l u e s o f ft a n d ft' • I g n o r i n g 

t h e e q u a t i o n o f s t a t e c o n t r i b u t i o n , t h e r a t i o o f t h e two y . v a l u e s 

w i l l b e 

^ ( V * X 1 2 ( S 2 / S 1 )6
2/RW<f>2)/(V*X12e2/RTv<(.

2)=s1/82 134) 

H e r e we n e e d t o r e m e n b e r E q . 7 3 » "the d e f i n i t i o n o f 9 . 

7 52 
F l o r y a n d c o l l e a g u e s u s e d E q s . 1 3 1 a n d 1 3 2 f o r c a l c u l a t i n g 
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^t o f s e v e n p o l y m e r s o l u t i o n s i n c l u d i n g - o n e a t h e r m a l s o l u t i o n a n d 

o n e s o l u t i o n w h i c h s h o w e d a n L O S T " b e h a v i o u r . The a g r e e m e n t b e t w e e n 

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

c a l c u l a t e d f r o m E q . 1 3 3 a s e c o n d ft ( ^ p ) c u r v e r e s u l t s a s s h o w n i n 

F i g u r e 4» The p a r a m e t e r s f o r t h e c a l c u l a t i o n a r e a d o p t e d f r o m t h e 

r e l a t e d r e f e r e n c e c . F i g u r e 5 s h o w s t h e r a t i o ft'/f. a g a i n s t ( J ^ . I n 

T a b l e 1 t h e l i m i t i n g v a l u e s o f a t b o t h ^ £ = 0 a n d 4 > 2 = 1 l i m i t s 

a r e l i s t e d t o g e t h e r w i t h t h e r a t i o s - j / s p a s g i v e n b y F l o r y . 

T a b l e 1 X / ^ at<|>p=0 a n d <|>2=1 a n c i s - | / s ? ^ o r p o l y ™ 6 1 * s o l u t i o n s 

s y s t e m s //^c((f> ?=0) ? ^ ( < f 2 = l ) S - / S 2 

1 . n a t u r a l r u b b e r / b e n z e n e 1 . 2 5 1 . 2 5 1 . 1 1 

2 . p o l y i s o b u t y l e n e / b e n z e n e 1 . 8 2 1 . 7 9 1 . 7 2 

3 . p o l y i s o b u t v l e n e / c y c l o h e x a n e 1 . 3 8 1 . 4 5 1 . 6 1 

4 . p o l y i s o b u t y l e n e / n - p e n t a n e 1 . 1 2 1 . 4 0 1 . 8 9 

5 . p o l y d i m e t h y l s i l o x a n e / b e n z e n e 1 . 3 2 1 . 4 4 1 . 3 2 

6 . p o l y d i m e t h y l s i l o x a n e / c y c l o h e x a n e 1 . 2 5 1 . 3 1 1 . 2 0 

7 . p o l y d i m e t h y l s i l o x a n e / c h l o r o b e n z e n e 1 . 3 6 1 . 4 4 1 . 4 0 

I t c a n b e s e e n t h a t e x c e p t f o r p o l y i s o b u t y l e n e / c y c l o h e x a n e 

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

s h o w s a n L O S T b e h a v i o u r E q . 1 3 4 h o l d s q u i t e w e l l . I n t h e two s y s t e m s 

m e n t i o n e d t h e e q u a t i o n o f s t a t e c o n t r i b u t i o n i s l a r g e a n d E q . 1 3 4 

b e c o m e s l e s s a c c u r a t e . 

F o r p o l y m e r s o l u t i o n s s ^ / s ^ i s g r e a t e r t h a n u n i t y . A s 

i n c r e a s e s f r o m 0 t o 1 , t h e i n t e r a c t i o n p a r t o f t h e v a l u e i n c r e a s e s 

"by ( s - j / ^ ) • r ° l e s i n "the c o n c e n t r a t i o n d e p e n d e n c e o f ft i s 

a p p a r e n t . B u t i f s - j ^ s 2 a n a n o m a l o u s r e s u l t i s o b t a i n e d , w h i c h g i v e s 

two d i f f e r e n t c u r v e s w h e n pC (<J>2 ) i s c a l c u l a t e d f r o m e i t h e r t h e s o l v e n t 

o r t h e s o l u t e r e s i d u a l c h e m i c a l p o t e n t i a l s . 
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T h i s i s b e c a u s e now ft h a s c o n c e n t r a t i o n d e p e n d e n c e , o n e more t e r m 

R T n 1 ^ / / ^ n 1 ( o r R T n , ^ / / ^ ) m u s t be a d d e d i n E q . 4 0 ( o r E q . 4 1 ) , h e n c e 

We c a n n o t u s e E q s . 1 3 1 a n d 1 3 3 t o c a l c u l a t e t h e i n t e r a c t i o n p a r a m e t e r ^ . 

2.6. A c o m p a r i s o n b e t w e e n F l o r y ' s t r e a t m e n t a n d M c M a s t e r 1 s t r e a t m e n t 

A c o m p a r i s o n b e t w e e n t h e o r i g i n a l f o r m a n d M c M a s t e r 1 s m o d i f i e d 

f o r m o f t h e F l o r y e q u a t i o n o f s t a t e t h e o r y h a s b e e n m a d e . The 

p a r a m e t e r s s u p j g e s t e d i n M c M a s t e r ' s n a p e r ^ a n d l i s t e d .in T a b l e 2 w e r e 

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

T a b l e 2 M c M a s t e r ' s d a t a , b a s e c a s e p a r a m e t e r s o f p o l y m e r m i x t u r e s 

c o m p o n e n t M d ( g / m l ) O C x 1 0 4 ( K " 1 ) tf ( a t m / K ) T ( ° C ) 

a ) p u r e c o m p o n e n t p r o p e r t i e s : 

1 5 0 0 0 0 1 . 0 0 5 5 . 8 0 8.47 1 3 5 

2 4000 1.055 7.23 7.24 135 
m i x t u r e p r o p e r t i e s : X 1 2 = 0 , Q - j 2 = 0 a n c i s - j / s 2 = ' ' * 5 6 

b ) p u r e c o m p o n e n t p r o p e r t i e s : 

1 1 0 0 0 0 0 1 . 0 0 5 5 . 8 0 8 . 4 7 135 

2 100000 1.005 6.15 8.47 135 
m i x t u r e p r o p e r t i e s : X 1 ? ? = 0 , Q 1 ^ = 0 a n d s ^ s p ^ l . 0 0 

a ) T h e e f f e c t o f m o l e c u l a r w e i g h t 

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

i n c o m p a t i b l e b y M c M a s t e r a r e now p r e d i c t e d t o b e c o m p a t i b l e . B o t h 

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

i f t h e m o l e c u l a r w e i g h t o f c o m p o n e n t 1 c h a n g e s f r o m 3 * 1 0 4 t o 5 x 1 0 4 



w h i l e t h e m o l e c u l a r w e i g h t o f c o m p o n e n t 2 i s f i x e d a t 4 0 0 0 , t h e 

p h a s e b o u n d a r y w i l l move a b o u t 1 5 0 ° C , a s s e e n i n F i g u r e 6 . 

b ) The e f f e c t o f t h e t h e r m a l e x p a n s i o n c o e f f i c i e n t 

M c M a s t e r ' s c a l c u l a t i o n p r e d i c t s t h a t two p o l y m e r s h a v i n g 

m o l e c u l a r w e i g h t s o f 2 x 1 0 ^ ( c h a i n l e n g t h s 2 0 0 0 s e g m e n t s ) r e q u i r e a 

d i f f e r e n c e i n t h e t h e r m a l e x p a n s i o n c o e f f i c i e n t s o f 4% or l e s s i n 

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

w e i g h t s a s l o w a s 5 * 1 0 4 , a d i f f e r e n c e o f 1 0 % i n t h e t h e r m a l e x p a n s i o n 

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

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

e f f e c t o f oL i s n o t s o l a r g e . The p a i r o f m o l e c u l a r w e i g h t s 2 x 1 0 ' w i t h 

a d i f f e r e n c e o f 5 % i n o^ i s s t i l l m i s c i b l e . . F o r t h e p a i r o f m o l e c u l a r 

w e i g h t s 5 * 1 0 ^ , 1 0 % d i f f e r e n c e .in d o e s n o t a f f e c t r n i s c i b i l i t y a t 

r o o m t e m p e r a t u r e . The r e s u l t s a r e ahown i n F i g u r e 7 * 

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

C a l c u l a t i o n s h o w s t h a t when Y ^ o r y ^ c h a n g e s , t h e p h a s e b o u n d a r y 

w i l l move i n a n o p p o s i t e d i r e c t i o n a s p r e d i c t e d b y M c M a s t e r . The 

d i s c r e p a n c y may come f r o m t h e c a l c u l a t i o n o f ( d v / f o n . ) _ v . The r o l e i 1,v,n^ 

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

c a l c u l a t i o n i f e i t h e r ot^ < 0 ^ o r e l ^ o l g ( t w o l v a l u e s a r e 5 * 8 0 x 1 0 4 

a n d 7 « 2 3 x 1 0 ~ * 4 ) a n i n c r e a s e o f flf^ w i l l i n c r e a s e m i s c i b i l i t y . T h u s i t 

c a n n o t b e s a i d t h a t t h e e q u a t i o n o f s t a t e d i f f e r e n c e c a u s e d byo(, - j<«^2 

c a n be c o m p e n s a t e d b y r e d u c i n g ^ i n c o m p a r i s o n t o ^ e t c . a s 

d i s c u s s e d b y M c M a s t e r . T h e r e s u l t s a r e s h o w n i n F i g u r e 8 . 

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

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

e q u a t i o n o f s t a t e d i f f e r e n c e b e t w e e n two p o l y m e r s . When 0 ^ = 0 ^ , a l l 

t h e mode l s y s t e m s c a l c u l a t e d h e r e become c o m p l e t e l y m i s c i b l e . 
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d ) The e f f e c t o f t h e i n t e r a c t i o n e n e r g y p a r a m e t e r X ^ 

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

i n M c M a s t e r ' s c a l c u l a t i o n . F o r i n s t a n c e , when X . ^ c h a n g e s f r o m 0 t o 

- 0 . 0 2 5 c a l / m l ( - 1 a t m ) t h e p h a s e b o u n d a r y m o v e s u p 1 0 0 ° C i n s t e a d o f 

t h e 15°C i n M c M a s t e r ' s c a l c u l a t i o n . T h e c a l c u l a t i o n s h o w s t h a t i t i s 

p o s s i b l e t o f i n d a p o l y m e r m i x t u r e w h i c h h a s b o t h a U C S T a n d a n L C S T 

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

F i g u r e 9 * 

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

X ^ p = 0 a n d Q ^ = 0 . I n c h a p t e r 5 we w i l l s e e t h a t X^ ^ ^ 0 a n d when 

t h e t h e o r y i s a p p l i e d t o p r a c t i c a l s y s t e m s . A l s o v/e c a n s e e tha t Q.̂  ^ 

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

F r o m t h e c o m p a r i s o n i t c a n be s e e n t h a t t h e o r i g i n a l F l o r y 

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

b e h a v i o u r . The t h e o r y s h o w s t h a t t h e L C S T i s a g e n e r a l p h e n o m e n o n 

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

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

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

L C S T b e h a v i o u r . T h e r o l e o f t h e t h e r m a l p r e s s u r e c o e f f i c i e n t i s 

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

X 1 2 < 0 , t h e s y s t e m s become m o r e a n d m o r e c o m p a t i b l e . A s m a l l p o s i t i v e 

i n t e r a c t i o n w i l l p o s s i b l y c a u s e a c o e x i s t e n c e o f a n L C S T a n d a U C S T , 

o r make a n h o u r g l a s s s h a p e d p h a s e b o u n d a r y . C o m p a r e d w i t h M c M a s t e r 1 s 

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

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

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

c o m p a t i b i l i t y . 
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3 . M A T E R I A L S 

3 . 1 . P r e p a r a t i o n o f p o l y m e r s 

3 . 1 . 1 . C h l o r i n a t e d p o l y e t h y l e n e ( C P E ) 5 4 

C P E s a m p l e s w e r e p r e p a r e d b y c h l o r i n a t i o n o f p o l y e t h y l e n e . 

C h l o r i n a t i o n c a n be done i n s o l u t i o n o r i n s u s p e n s i o n . T h e r e a c t i o n 

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

r a d i c a l i n i t i a t o r . 

C l ? + h V ? C I " 

H H H H Ijl . H H 
+ ci* —» -c-<j-rJ-(}- + HOI 

T H H H H H H H 

H . H H H C 1 H Ii 
• 4 - 9 - M - + 0 1 ? - y - r W - + c l t 

H H H H H H H H 

H i g h q u a n t u m y i e l d s s how t h a t t h e r e a c t i o n h a s a c o n s i d e r a b l e c h a i n 

l e n g t h . I n t h i s w o r k h i g h d e n s i t y p o l y e t h y l e n e i s p r e f e r r e d i n o r d e r 

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

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

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

Two i m p r o v e m e n t s w e r e made t o t h e s t a n d a r d p r o c e d u r e : a ) c h l o r o b e n z e n e 

wa s u s e d a s s o l v e n t t o r a i s e t h e r e a c t i o n t e m p e r a t u r e , b ) t h e l i g h t 

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

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

T h e r e a c t i o n t o o k p l a c e i n a 3 ~ n e ° k e d f l a s k i n a n o i l b a t h . 

T h e f l a s k was e q u i p p e d w i t h a s t i r r e r , a r e f l u x c o n d e n s e r a n d two g a s 

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

p o l y e t h y l e n e ( l O g , n o m i n a l M n = 1 0 0 0 0 ) w a s d i s s o l v e d I n c h l o r o b e n z e n e 

( 2 0 0 m l , A R ) a t 1 3 5 ° C . T h e s o l u t i o n was s t i r r e d d u r i n g t h e r e a c t i o n . 
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I t w a s p h o t o ^ c h l o r i n a . t e d u s i n g l i g h t f r o m a 6 0 w a t t t u n g s t e n l a m p 

u n d e r a a t m o s p h e r e . C h l o r i n e g a s was b u b b l e d i n t o t h e f l a s k w i t h 

a f l o w r a t e o f 2 8 ml/m. in . B y a d j u s t i n g t h e r e a c t i o n t i m e p r o d u c t s 

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

l a s t e d f r o m 2 t o 10 h r s . The r e s u l t i n g p r o d u c t s w e r e c o o l e d a n d 

p r e c i p i t a t e d i n t o a 1 0 t i m e s e x c e s s o f m e t h a n o l ( A R ) a n d w a s h e d 

t w i c e w i t h m e t h a n o l . The p r e c i p i t a t e wa s s o a k e d i n m e t h a n o l o v e r n i g h t 

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

o 

1 mm H g a t 5 0 C f o r 2 w e e k s . 

T h e p r o p e r t i e s o f t h e C P E s a r e l i s t e d i n T a b l e 3 * 
T a b l e 3 P r o p e r t i e s o f C P E s 

C P E compos i . t i o n 

w % 
C H C I 

mol ecu.l 

M x 1 0 ~ 
w 

wpj <rhts 

^ -A / 
" K x 1 0 'M /M 

n w n 

d , ? 5 v c 

g / m l 

2 5 - 4 5 c 

x 1 0 ^ K ~ 1 

1 0 . 5 4 6 0 . 0 8 3 0 . 3 6 9 1 . 1 0 1 . S 8 6 . 9 6 1 . 1 5 9 6 . 2 5 - 1 0 

2 0 . 6 3 0 0 . 0 9 9 0 . 2 7 4 1 . 0 8 1 . S 2 7 . 1 1 1 . 0 7 1 1 3 . 2 4 - 8 

3 0 . 4 5 4 0 . 0 6 2 0 . 4 8 0 1 . 2 0 1 . 8 0 6 . 6 7 1 . 3 0 1 4 . 4 3 2 7 

4 0 . 3 5 7 1 . 1 5 1 . 8 9 6 . 0 8 1 . 1 2 7 8 . 7 3 - 1 0 

5 0 . 6 4 1 0 . 1 0 1 0.2/15 1 . 0 6 2 1 2 . 2 5 - 1 0 

8 0 . 7 1 2 0 . 1 1 5 0 . 1 6 5 1 . 0 1 5 9 . 1 0 

11 0 . 2 2 4 1 . 0 6 6 1 2 . 3 0 - 1 2 

12 0 . 2 1 0 1 . 0 3 6 1 1 . 5 7 

1 5 0 . 4 4 7 1 . 7 0 1 . 8 1 9 - 3 8 1 . 3 1 1 5 . 6 6 27 

16 0 . 5 1 6 1 . 9 8 2 . 5 3 7 . 8 3 1 . 4 1 6 39 

17 0 . 4 9 8 1 . 8 2 2 . 0 8 8 . 7 8 1 . 3 6 5 3 . 8 5 32 

18 O . 4 5 6 2 . 0 2 2 . 2 9 8 . 8 1 1 . 3 1 9 4 . 9 3 2 7 

19 0 . 4 4 1 1 . 7 9 2 . 0 9 8 . 5 6 1 . 3 0 4 5 . 4 7 25 

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

* r e l a t i v e t o p o l y s t y r e n e s t a n d a r d s . 

3 . 1 . 2 . C h l o r i n a t e d o c t a d e c a n e ( C O D ) a n d c e r e c l o r 

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

B e c a u s e o c t a d e c a n e i s a l o w m o l e c u l a r w e i g h t c o m p o u n d t h e c o n c e n t r a t i o n 
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o f t h e r e a c t i n g , s o l u t i o n c a n be h i g h e r . n - O c t a d e c a n e ( 2 5 m l , L a b . ft. ) 

w a s m i x e d w i t h c h l o r o b e n z e n e ( 2 0 0 m l , A R ) a t 1 3 0 ° C . T h e r e a c t i o n wa s 

i n i t i a t e d b y i r r a d i a t i o n f r o m a 6 0 w a t t t u n g s t e n l a m p . C h l o r i n e wa s 

i n t r o d u c e d i n t o t h e f l a s k a t a r a t e o f 25 m l / m i n . B y c o n t r o l l i n g t h e 

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

r e a c t i o n u s u a l l y l a s t e d f r o m 2 t o 1 0 h r s . The p r o d u c t s w e r e 

s e p a r a t e d b y r o t o r y e v a p o r a t i n g t h e c h l o r o b e n z e n e a t 50°C u n d e r a 

r e d u c e d p r e s s u r e . T h e y w e r e t h e n d r i e d i n a v a c u u m o v e n a t 1 mm H g 

o 
a t 5 ° C f o r two w e e k s . 

C e r e c l o r i s a c h l o r i n a t e d p a r a f f i n ( I . C . I . ) . I t was d r i e d u n d e r 

t h e same c o n d i t i o n a s f o r COD b e f o r e u s e . 

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

T a b l e 4 P r o p e r t i e s o f COD and c e r e c l o r 

s a m p l e c h l o r i n e ^ M d , g / m l r e f r a c t i v e i n d e x 
n 

c o n t e n t , f r o m f r 0 m 
w e i g h t c h l o r i n e 0 o „ o 
f r a c t i o n c o n t e n t 25 C 7 0 C x 1 0 \ 2 4 - 5 C 6 9 - 5 C 

COD 1 0 . 1 7 3 306 314 0 . 8 9 7 6 O . 8 6 5 1 8 . 2 0 1 . 4 5 4 8 8 1 . 4 3 6 8 5 

2 0 . 2 4 6 334 3 5 6 O . 9 5 1 1 0 . 9 1 8 0 7 . 8 7 1 . 4 6 5 8 6 1 . 4 4 7 2 3 

0 . 3 3 4 376 4 1 2 1 . 0 5 3 1 1 . 0 1 6 7 7 . 8 2 1 . 4 8 1 8 8 1 .46/101 

3A 0 . 3 4 9 385 4 2 1 1 . 0 8 0 7 1 . 0 4 5 7 7 . 3 ? 1 . 4 8 4 3 0 1 . 4 6 7 2 4 

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

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

c e r e c l o r 

45 0 . 4 5 7 3 9 5 1 . 1 3 1 9 6 . 7 9 

52 0 . 5 3 1 4 3 7 1 . 2 2 8 0 6 . 8 5 

3 . 1 . 3 . P o l y ( m e t h y l m e t h a c r y l a t e ) ( P M M A ) 

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

55 

s a m p l e s . The t h e o r y o f f r a c t i o n a t i o n w a s r e v i e w e d b y Guzman • 

U s i n g t h e b i n o d a l c o n d i t i o n o f a p o l y m e r s o l u t i o n , E q . 1 1 , a n d a l s o 

u s i n g t h e e x p r e s s i o n f o r A o f t h e F l o r y - H u g g i n s t h e o r y , E q . 4 1 > we 
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c a n h a v e 

<t>2/«t>2=expt<5-(r2/r1 )J 135) 

136) 

I t c a n "be s e e n t h a t t h e r a t i o o f t h e c o n c e n t r a t i o n s o f p o l y m e r i n two 

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

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

i n e f f i c i e n c y o f f r a c t i o n a t i o n c a n a l s o b e s e e n : a f r a c t i o n o f a n y • 

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

The a n a l y s i s a b o v e r e f e r s t o f r a c t i o n a t i o n f r o m a s i n g l e s o l v e n t 

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

I n p r a c t i c e i t i s f a r more common t o a d d a p r e c i p i t a n t a t c o n s t a n t 

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

r e l a t i o n s c a n be o b t a i n e d i n t h i s c a s e . 

A c o m m e r c i a l p r o d u c t PMMA1 .4 ( P o l y s c i e n c e s ) wa s d i s s o l v e d a t 

2% W/V i n a c e t o n e ( A R ) a n d p r e c i p i t a t e d b y a d d i t i o n o f a l a r g e q u a n t i t y 

o f d i s t i l l e d w a t e r - a c e t o n e m i x e d p r e c i p i t a n t ( 1 : 1 v o l u m e r a t i o ) . T h e 

p r e c i p i t a t e was c o l l e c t e d a n d d r i e d i n a v a c u u m o v e n a t 1 mm H g a t 

0 

5 0 C f o r o n e w e e k . 

A n o t h e r c o m m e r c i a l p r o d u c t PMMA ( I . C . I . ) w a s u s e d f o r 

f r a c t i o n a t i o n . 30g" o f p o l y m e r w a s d i s s o l v e d i n a c e t o n e t o f o r m a 2% 6 / \ 

s o l u t i o n a t 2 5 C . When a d d i n g d i s t i l l e d w a t e r - a c e t o n e ( 1 : 1 v o l u m e r a t i o ) 

g r a d u a l l y t h e s o l u t i o n became t u r b i d . To e n s u r e t h e e s t a b l i s h m e n t o f 

e q u i l i b r i u m , t h e t u r b i d s o l u t i o n w a s wa rmed t o 30°C t o l e t t h e 0 

s o l u t i o n c l e a r a g a i n a n d t h e n a l l o w e d t o c o o l s l o w l y d o w n t o 2 5 C . 

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

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

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

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

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

two f r a c t i o n s F 5 a n d F 6 w e r e u s e d f o r t h i s w o r k . 

T h e p r o p e r t i e s o f t h e p o l y m e r s a r e l i s t e d i n T a b l e 5 * 

T a b l e 5 P r o p e r t i e s o f PMMA s a m p l e s 

s a m p l e M x 1 0 ~ 4 M x 1 0 ~ 4 Mw/M 
^ w n ' n 

PMMA1 ..4 8 . 3 8 3 . 4 6 2 . 4 ? 

F 5 2 6 . 4 1 5 . 4 1 . 7 1 

F 6 1 4 * 0 7 * 1 7 1 . 9 5 

3 . 1 . 4 . O l i g o m e r i c PMMA (OMMA) 
S 6 

OMMA v/as p r e p a r e d b y c h a i n t r a n s f e r p o l y m e r i z a t i o n . The M a y o 

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

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

l / r n = ( l / r n ) 0 + C s [ S ] / C M j 1 3 7 ) 

w h e r e r ^ i s t h e numbe r a v e r a g e d e g r e e o f p o l y m e r i z a t i o n . C g i s a 

c o n s t a n t , a n d T S j and T M ] a r e t h e c o n c e n t r a t i o n s o f s o l v e n t a n d 

m o n o m e r , r e s p e c t i v e l y . 

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

a l c o h o l ( i s o - P r O H ) . T h e r e a c t i o n i s a s o l u t i o n p o l y m e r i z a t i o n , i n 

w h i c h i s o - P r O H i s a l s o a s o l v e n t t o d i l u t e t h e r e a c t i n g s y s t e m . 

A c c o r d i n g t o M a y o ' s e q u a t i o n d i f f e r e n t m o l e c u l a r w e i g h t s c a n b e 

o b t a i n e d b y a d j u s t i n g t h e r a t i o T S ] / £ M ] . 
I n a n a u t o c l a v e ( v o l u m e c o n t e n t ^ 6 0 0 m l ) w e r e p l a c e d t h e 

d i s t i l l e d M M A , i s o - P r O H ( A R ) a n d d i - t - b u t y l p e r o x i d e ( 6 x 1 0 ~ 5 m o l / m o l 

i s o - P r O H ) . T h e r a t i o s o f monomer t o s o l v e n t a r e g i v e n i n T a b l e 6 . T h e 
0 

m i x t u r e w a s d e g a s s e d a n d k e p t a t 1 3 0 C u n d e r a N ^ a t m o s p h e r e f o r 

5 h r s . T h e l o w e s t m o l e c u l a r w e i g h t o l i g o m e r p r o d u c t w a s e v a p o r a t e d 
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t o d r y n e s s , r e d i s s o l v e d i n i s o - P r O H , f i l t e r e d a n d e v a p o r a t e d a g a i n 

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

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

d r i e d i n a v a c u u m o v e n a t 1 mm H g a n d 5 0°C f o r a t l e a s t 2 w e e k s . 

T h e p r o p e r t i e s o f OMMA a r e l i s t e d i n T a b l e 6 . 

T a b l e 6 P r o p e r t i e s o f OMMA s a m p l e s 

OMMA MMA / i s o - P r O H M M M /fa d , g / m l o lx l 0 ~ 4 r e f r a c t i v e 
' w n w n * . , 

1 i n d e x 
m o l a r r a t i o 2 5 C 7 0 C K 2 4 . 5 ° C 6 9 . 5 ° C 

1 0.029 502 

PMMA16 0 . 4 7 9 4 8 8 0 0 1 2 6 0 0 % 8 7 

PMMA17 0 . 0 7 2 1 4 4 0 0 4 2 7 0 

2 ? 0 . 0 2 9 434 1 . 1 3 7 8 1 . 0 8 8 9 9 * 7 6 1 . 4 7 6 4 2 1 . 4 6 0 7 7 

3 . 1 . 5 . P o l y ( e t h y l m e t h a e r y l a t e ) ( P E M A ) and p o l y ( b u t y l a c r y l a t e ) ( P B A ) 

PEMA i s a c o m m e r c i a l p r o d u c t ( P o l y s c i e n c e s ) . No f u r t h e r 

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

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

( P o l y s c i e n c e s ) . I t was e v a p o r a t e d t o d r y n e s s i n a l a r g e p e t r i d i s h a n d 

o 
t h e n d r i e d i n a v a c u u m o v e n a t 1 mm H g a n d 5 0 C f o r 2 w e e k s . 

T h e m o l e c u l a r w e i g h t s o f PEMA a n d PBA a r e l i s t e d i n T a b l e 7 . 

* 
T a b l e 7 M o l e c u l a r w e i g h t s o f PEMA a n d PBA 

p o l y m e r M x 1 0 ~ 5 

w 
M x 1 0 " 4 

n 
M /fa 

w' n 

PEMA 2 . 3 5 7 . 0 7 3 . 3 2 

PBA 1 . 1 9 3 . 5 0 . 3 . 6 1 

* r e l a t i v e t o p o l y s t y r e n e s t a n d a r d s 

3 . 2 . C h a r a c t e r i z a t i o n o f p o l y m e r s 

T h e p o l y m e r s l i s t e d i n T a b l e s 3 - 7 w e r e c h a r a c t e r i z e d b y 

f o l l o w i n g m e t h o d s : 

3 . 2 . 1 . M i c r o e l e m e n t a l a n a l y s i s 
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The c o n t e n t s o f C , H a n d C I o f C P E a n d COD s a m p l e s w e r e d i r e c t l y -

a n a l y s e d . The r e s u l t s o f c h l o r i n e c o n t e n t h a s at 4% a c c u r a c y b y 

r e p e a t m e a s u r e m e n t s The r e s u l t s a r e s h o w n i n T a b l e s 3 a n d 4« 

3 . 2 . 2 . R e f r a c t i v e i n d e x 

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

A b b e " 6 0 " r e f r a c t o m e t e r ( B e l l i n g h a m a n d S t a n l e y L t d . ) u s i n g t h e s o d i u m 

o 

D^ l i n e 5 ^ 9 6 A . The m e a s u r e m e n t s w e r e made a t d i f f e r e n t t e m p e r a t u r e s 

( w i t h a n a c c u r a c y o f t 0 . 2 ° C ) . T h e r e s u l t s a r e s h o w n i n T a b l e s A a n d 

6 a n d a l s o i n F i g u r e 1 0 . 

3 . 2 . 3 * D e n s i t y a n d t h e r m a l e x p a n s i o n c o e f f i c i e n t 

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

A p y c n o m e t e r o f A ml c a p a c i t y was f i r s t c a l i b r a t e d w i t h t w i o e - d i s t i l l e d 

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

w e i g h t s i n t h e p y c n o m e t e r . The d a t a h a s a n a c c u r a c y o f t o . 0 0 0 2 g / m l 

a t 2 5 ° C a n d t o . 0 0 0 5 j / m l a t 7 0 ° C , r e s p e c t i v e l y . 

T h e d e n s i t i e s o f s o l i d p o l y m e r o r p o l y b l e n d s w e r e d e t e r m i n e d 57 

b y e q u a l d e n s i t y t i t r a t i o n . 3 - 4 f i n e p i e c e s o f p o l y m e r f i l m w e r e 

p l a c e d i n a f l a s k c o n t a i n i n g t w i c e - d i s t i l l e d w a t e r . T h e f l a s k w a s 

k e p t a t c o n s t a n t t e m p e r a t u r e i n a b a t h m a i n t a i n e d a t 25 £ 0 . 1 o r 

70t0.5°C. T h r o u g h a s y r i n g e a s a t u r a t e d N a B r s o l u t i o n w a s t i t r a t e d 

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

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

m i n u t e s . The d e n s i t y o f t h e N a B r s o l u t i o n i n t h e f l a s k wa s p r e s u m e d 

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

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

+0.0005 g/ml a t 25*C a n d 10.0015 g/ml a t 70°C, r e s p e c t i v e l y , b y 

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

T h e t h e r m a l e x p a n s i o n c o e f f i c i e n t w a s c a l c u l a t e d f r o m t h e 
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d e n s i t i e s a t two d i f f e r e n t t e m p e r a t u r e s u s i n g t h e f o l l o w i n g e q u a t i o n 

e U ( l - d / d 2 ) / ( T r T 2 ) 1 3 8 ) 

The a c c u r a c y was e s t i m a t e d a s £ 0 , 1 5 x 1 0 " ~ 4 / K f o r o l i g o m e r a n d £ 0 . 3 0 

X 1 0 ~ 4 / K f o r p o l y m e r s . 
Cg CQ 

3 . 2 . 4 . V a p o u r p r e s s u r e o s m o m e n t r y ( V P O ) ^ ' J 7 

VPO i s a s i m p l e a n d r a p i d method f o r o b t a i n i n g number a v e r a g e 

m o l e c u l a r w e i g h t s i n t h e r a n g e o f 1 0 0 - 2 x 1 0 4 . The s o l v e n t v a p o u r i n 

t h e s a t u r a t e d v a p o u r chamber c o n d e n s e s o n t o a d r o p l e t o f t he s o l u t i o n . 

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

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

c o n v e c t i o n a n d r a d i a t i o n . The w o r k i n g e q u a t i o n o f VPO c a n be d e r i v e d a s 

4 T / C ) ( l / 2 - / ) ( d 1 / d 9 ) ? C v + 1 3 9 ) 

vi. th 

K = ( l - f ) RT 2 M / Q * 1 4 0 ) 

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

s o l v e n t a n d s o l u t i o n , C i s t he c o n c e n t r a t i o n o f p o l y m e r ( g / m l ) , Q w 

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

p a r a m e t e r f o r t h e h e a t l o s s o f t h e a p p a r a t u s . When f = 0 E o . 1 3 9 

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

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

I n o r d e r t o do t h e e x p e r i m e n t we n e e d t o know t h e i n s t r u m e n t 

c o n s t a n t K . K c a n be e v a l u a t e d b y e x t r a p o l a t i n g ( A T / C ^ ) a g a i n s t C ^ 

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

A K n a u e r VPO a p p a r a t u s was u s e d f o r m e a s u r e m e n t s . The e x p e r i m e n t 

was r u n a t 

3 7 + 0 . 1 ° C w i t h MEK ( A R ) a s t h e s o l v e n t . The i n s t r u m e n t was 

f i r s t c a l i b r a t e d w i t h a n t h r a c e n e ( A R , M = 1 7 8 . 2 3 ) . The m e a s u r e d v a l u e s 

h a v e a n a c c u r a c y o f £ 5 % . F i g u r e 11 s h o w s some r e s u l t s o f t h e m e a s u r e m e n t s . 
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3 . 2 . 5 * G e l p e r m e a t i o n c h r o m a t o g r a p h y ( G P C ) 

The a p p e a r a n c e o f GPC, e s p e c i a l l y h i g h p e r f o r m a n c e GPC, was a 

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

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

i n r e s e a r c h a n d p r o d u c t i o n . A n i m p o r t a n t p r o p e r t y o f GPC i s t h a t t h e 

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

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

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

t h e i r h y d r o d y n a m i c v o l u m e s i n s o l u t i o n i f t h e m o l e c u l a r c h a i n i s n o t 
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t o o s t i f f • T h u s we h a v e 

l o g M ? = J j / ( o l ? + 1 J l o g ( K 1 / K ? ) ^ 1 + 1 )/ f t ,+1 j l o g M 1 U1 ) 

where K and o( a r e t h e p a r a m e t e r s i n t h e M a r k - H o w .ink e a u a t i o n . 

I^KM01 UP) 

The s e c o n d p r o p e r t y we n e e d t o know i s t h e p e a k b r o a d e n i n g w h i c h 

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

h i g h p e r f o r m a n c e GPC . I t was e s t i m a t e d f r o m t h e m a t e r i a l b a l a n c e 
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e q u a t i o n t h e o r y t h a t i f t h e c o l u m n h a s a e f f i c i e n c y o f 1 0 0 0 0 p l a t e s , 

t h e c a l c u l a t i o n o f m o l e c u l a r w e i g h t s w i l l g i v e a n e r r o r o f < £ 9 % « 

I n t h i s w o r k t h e s a m p l e s we re m e a s u r e d o n a h i g h p e r f o r m a n c e 

GPC ( LC 7 5 0 , A p p l i e d c h r o m a t o g r a p h y s y s t e m s l t d . ) a t r o o m t e m p e r a t u r e 

w i t h THF ( A R ) a s t h e s o l v e n t a n d p o l y s t y r e n e ( n a r r o w d i s t r i b u t i o n ) a s 

t h e s t a n d a r d s . The f l o w r a t e was 1 m l / m i n . The f o l l o w i n g i n t r i n s i c 6 3 

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

t h e s t a n d a r d f o r u s e w i t h PMMA. 

C f l = 0 . 9 3 x 1 0 ~ 4 M ° * 7 2 f o r PMMA, 23° C 143) 

[ t j ] = U 6 8 x 1 0 " ^ ° ' 6 9 f o r p o l y s t y r e n e 144) 

No s u c h e q u a t i o n s a r e a v a i l a b l e f o r C P E , PEMA a n d P B A . O n l y t h e 

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

3 . 2 . 6 . I n f r a r e d a b s o r p t i o n s p e c t r o s c o p y ( I R ) ^ 4 

I R was u s e d t o c h a r a c t e r i z e t h e c h e m i c a l s t r u c t u r e o f OMMA. 

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

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

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

d e t e r m i n e s one o f them. T h i s c a n be a r a d i c a l o f i n i t i a t o r 

( C H _ ) _ C O - o r s o l v e n t c h a i n t r a n s f e r r e a g e n t ( C H _ ) o C ( 0 H ) - . O b v i o u s l y 

t h e s e c o n d s i t u a t i o n i s n o t p r e f e r r e d b e c a u s e a p o l a r g r o u p ( O H ) -

__ -j 

i s i n t h e s t r u c t u r e . ( C H ^ ^ C O - h a s a n a b s o r p t i o n a t 1 2 5 5 cm"" a n d 

t h e C - O - C e t h e r g r o u p f o r m i n g f r o m t h e (CH_.)_CO- end g r o u p h a s a n 

a b s o r p t i o n a t 1080 cm . The o t h e r end g r o u p i s d e t e r m i n e d by t h e 
m e c h a n i s m o f c h a i n t e r m i n a t i o n . T h i s c a n be known f r o m d e t e c t i o n o f 

-j 

t h e Pq_p ( 1 6 2 0 cm ) a b s o r p t i o n . 

Two d i f f e r e n t m o l e c u l a r w e i g h t s o f OMMA we re s t u d i e d . Low 

m o l e c u l a r w e i g h t OMMA 23 was a v i s c o u s l i q u i d a n d was s p r e a d a s a 

t h i n l a y e r o n t o a K B r p l a t e . H i g h m o l e c u l a r w e i g h t OMMA 16 was 

d i s s o l v e d i n MEK ( A R ) a n d c a s t o n t o t h e s e c o n d K B r p l a t e . The 

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

I R t r a n s m i t t a n c e . 

The s p e c t r a we re o b t a i n e d u s i n g a P e r k i n - E l m e r 6 8 3 I R 

s p e c t r o p h o t o m e t e r . The r e s u l t s a r e s h o w n I n F i g u r e 1 2 . Two t y p i c a l 
__ -t 

a b s o r p t i o n b a n d s a t 1 0 8 0 a n d 1 2 5 5 cm"" w e r e f o u n d f o r t h e ( C H _ ) _ C 0 -
y J 

end g r o u p . n i a b s o r p t i o n a t 1 6 2 0 cm was a l s o f o u n d f o r t h e C=C g r o u p 

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

a n y a b s o r p t i o n o f ( O H ) - g r o u p a t h i g h f r e q u e n c y . T h i s c o n f i r m s t h a t 

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

56 l i t e r a t u r e . The s t r u c t u r e o f OMMA i s 
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CH 
I 3 

(CH J,0-0-(CH-C-.)- H 5 3 | n 
C = 0 

A 
i 

CH 3 

3.3«Preparation of mixtures 

One of the difficulties in the study of high molecular weight 

polyblends is that the techniques of preparing samples have a great 

influence on the phase state of the polyblend. The samples prepared 

are not always at thermodynamic equilibrium so that it is difficult 

to obtain repeatable data on samples prepared by different 

techniques or on temperature cycling. At best, a polyblend can be 

described. 3 <= mi croh<.-: ĉ rogeneou &, the size of the different phases and 

their Interner ̂ tration being limited by a host of factors among which 

are the extent of mixing, compatibility, molecular weight, clustering 
behaviour of the polymers, rheologica.1, surface and interfa.cial 

34 

properties • 

Mechanical mixing is an industrial method, of preparing blends 

but it does not usually make a homogeneous mixture, and usually there 

is a certain particle size distribution in the blends. This is 

because the diffusion coefficient of a polymer In the bulk is very 

small and it is difficult to form a dispersion on a molecular scale 

in the limited mixing time, even at above the melting temperature. 

The LCST behaviour of polyblends eventually prevents molecular 

mixing if the attempted mixing temperature is above the LCST. Thus 

the blends o f t e n reflect the phase state at the mixing temperature 

rather than equilibrium at room temperature. This problem of quench-

in structure is very severe in systems which are only just 
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f)h 

compatible . The principles of irreversible thermodynamics state 

that the rate of a particular process is proportional to the free 

energy difference between the initial and final states, Beoatise this 

difference is small in such systems, the rate of approach to the 

final state is also small. 

A second method is by mixing polvmers in solution, which the overcomes the difficulty of extremely small diffusion coefficient 
?9 

of polymer molecules in the bulk state. It is usually assumed ' 

that a mixed polymer film deposited from solution is more likely to 

be in it's equilibrium state than a mixed polymer sample prepared 

by mastication of the two polymer in the bulk. There are three ways 

to remove solvent: 

a) by pvapora.tion. This requires a careful selection of the 

solvent to make sure that no phase separation takes place during 

evaporation, because the phase state of the polymer mixture presumebly 66 reflects the detailed path from dilute solution to solid sample' . 
C 7 

Some authors have reported that clear films of polvstyrene/poly(vinyl 

methyl ether) mixtures were obtained upon casting from toluene or 

benzene, while usually incompatible films resulted upon casting 

from trichloroethylene and chloroform. Also, the residual solvent, 

which sometimes bonds to polymers, is difficult to remove. 

b) by freeze-drying. This is an alternative way to evaporate 68 

solvent. It is reported that homogeneous blends of incompatible 

polymers PMMA/polystyrene have been prepared by rapid freezing of 

their co-solutions in naphthalene followed by room temperature 

sublimation of the solvent. The common solvent for freeze-drying are 

benzene, p-dichlorobenzene and naphthalene etc. 
c) by coprecipitation. This is the quickest way to remove 
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solvent from dilute solution, hence the s- lection of solvent is not 

so important as we know that the role of solvent becomes critical 

only when the solution is concentrated. The problem is that the 

precipitate cannot always be used directly for physical or 

physicochemica.l measurements. It needs to be pressed into films in 

the molten state. The same problem as in mechanical mixing1 is 

imposed here as the moulded samples with different thermal histories 

are no longer the same as the original precipitate. 

A third choice for making polyblends is in-situ polymerization. 

This is a good method for obtaining a well mixed blend if no phase 

s e p a r a t i o n a p p e a r s d u r i n r po lympr 1 ^ a i i or>. 

]>> this work we used solvent casting- and copreci pi tat.ion foT* 

preparing polymer mixtures. PMMa/CPE and PBA/CPE blend films were 

cast from MEK (AR) solution in. petri dishes. The rate of evaporation 

was controlled by partial covering. It was discovered that fast 

evaporation and humid weather were often the reasons for forming 

turbid films. After evaporation of the solvent, the films were dried 
o 

in a vacuum oven at 1mm Hg and SO C for 1 week. Because the PBA used 

is very soft it was necessary to use liquid nitrogen to temporarily 

harden blends with high concentration of PBA during transfer. CPE/CPE 

blends at fixed weight fraction 0.5 were cast from chlorobenzene (AR ) 

solutions. The procedure is same as for the previous two systems. 

Some of the PMMA/CPE blends were prepared by coprecipitation. 

The polymers, in various proportions, were dissolved to a total 5% 

(w/V) in THF (AR). The solutions were then poured with stirring into 

a 20 times excess of distilled water. The precipitates were then dried 
O 0 

in an oven for 72 hrs at 5° C. The samples were pressed at 140 C for 

15 roin to produce films of 0.3 to 0.6 mm thickness. 
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3.4. Microstructure of CPE 

3-4.1. Nuclear magnetic resonance (NMR)^ 

NMR spectroscopy is perhaps the most powerful technique 

available for studying the environment of individaul atoms v/ithin a 

polymer chain, NMR yields qualitative as well as quantitative 

information which is most often unequivocal. V/e now know that 

sequences of carbon atoms as long as 5 in length (pentads) can be 
1 3 

observed easily using 'C-NMR. 
1 7> 

The 'C-NME analysis of CPE in this work is composed of two 

aspects. The analysis follows the papers published by Keller and 

M u ^ g p ' " . 

a) Determinet.ion of the constitution, namely, the contents of 

-CH -CKC1- and -CC1 - groups (in rnol%) of the CPE samples, which 

are designed a.s X, Y and Z, respectively. 

X=Pn/Z P. 1 0 1 y = v : i p i 1 

1 

where F^, F̂  and are the corrected intensities (area) under -CH^-t 

-CHC1- and -CC1?- resonances, respectively, F^=F0(expt)/Nq, 

F ^ ( e x p t a n d F?=F2(expt). F^(expt) is the experimental value. 

N. is the relative intensity factor. 

=1,510,2 obtained from 

the measurement of chlorinated poly(vinyl chloride). When the chlorin 

content is higher than 50% by weight, N^N^ and we need to have a 

further correction for the intensities: Fn =(Fn+F„)/(l~1 +1) 1 0,corr v 0 1'' v corr ' 
F„ =I"1 (F_+Fj/(I"1 +1) 1 1,corr corrx 0 1" x corr 7 

where 

I"1 =0.471"1+0.34 1 corr 
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—1 — 1 In Eq.150 I =F^/Fq. Eq.lSO is obtained from calibrating- the I 
1 ^ 1 of the C-NMR spectra with that of the H-NMR spectra. 

After obtaining X,Y and Z, the molar degree of chlorination 

can be calculated. 

<?=( Y+?Z)/2 151) 
The original definition of is 

H l A W ) 15?) 
where and N' are the numbers of CI and H atoms in the chain C/ .L n 
respectively. should be between 0 and 1 , and is connected with 

the weight degree o.f chlorination in wt%, G^ : 

G^=Kcl5/[(Mcl-KH)5^lH+Mc/?]=gol>-1 00% 1 5?) 

wher-e Kpj , Mjj and M^ are the atomic weights. Thus, ot and G^ can be 

determined from the NT-IE spectra. 

G^ can also be determined from the chemical analysis. Thus, al, 

can be calculated from G^ if we rewrite Eo.15?: 

The two series of results for d and G^ can be compared. 
70 

b) Determination of chlorine distribution. From the statistics 

the probabilities of finding -CH?-, -CHC1- and -CCl^- groups in a 

random substitution are 
T T 0 = X ( £ ) = ( i - o D 2 1 5 5 ) 

Tr|=Y(3)=25(i-5) 156) 
TT?=z(*)=*? 157) 

The conditional properbiliti.es of finding the corresponding groups 

in the circumstances where the presence of a substituent on a given 

repeat'unit affects the probability of a second substituent on the 

same repeat unit but not the substitution probability on any other 

repeat unit are 
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TT0=x(dC,AM1 +X2-?*( 1 ->0-?\(1 - £ 4 - 2 ^ ] 158) 

=Y(^,X)=(1-A)"2[-4X+25(1-A)(i+X)+4X(1-25+25^J 159) 
j 

rr?=K(5,X)=(i-X)"2[2X-2^(i-X)-2A(i-25+?5A)2] 160) 

whereX<1 means that the reaction is a hindered substitution, A =0 

that the probability of finding -GCl^- group is zero, and \>1 means 

that the substituent CI atom increases the chance for the second H 

atom on the same C atom to be substituted by another CI atom. When 

A=1 the reaction is a random substitution; Eqs. 158-160 reduce to Eqs. 

155-157. 
1 3 

With C-IMR we are interested in analysing the sequence 

sructure up to 5 repeat units (pentad s). For erarrml e, the pro i-t\bi litj es 

of finding some of then are 1 i s ted in T^ble 8} where 0, 1 and o 

reflects -CH -, -CHOI- and -CC10- groups. respectively. Table 8 Probabilities of .finding some pentads 

pentads random substitution conditional substitution 

1 . 0 0 0 0 0 ( 1 - * ) 8 

2 . 1 0 0 0 0 

% 0 1 0 0 0 4ol( 1 - c * ) 7 2 X 5 ( 5 , X ) Y ( < * , X ) 

1 0 0 0 1 4 5 L 2 0 - S ) 6 x 2 ( * , A ) Y 2 ( O L , A ) 

5 . 0 1 0 1 0 4 * 2 ( 1 - * ) 6 
X 2 ( 5 , A ) Y 2 ( d k , A ) 

6 . 1 1 0 0 0 1 6 o L 2 ( 1 - ^ ) 6 4 X 2 ( 5 , A ) Y 2 ( 5 , A ) 

7 . 1 1 0 0 1 1 6 £ 5 ( 1 - * ) 5 2 X ( 5 , \ ) Y 5 Q , \ ) 

The m i d d l e 0 i n T a b l e 8 c a n be r e p l a c e d b y 1 o r 2 . T h u s i f we k n o w c^ 

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

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

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

b e t w e e n t h e p e n t a d s a n d t h e r e l a t e d c h e m i c a l s h i f t s o f C P E p o l y m e r s , 

w h i c h a r e l i s t e d i n T a b l e 9 a n d h a v e b e e n r e p o r t e d i n t h e l i t e r a t u r e ^ . 
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Table 9 Correlation between pentads and chemical shifts 

- c c i 2 - sequence -CHC1- sequence -CC1?- sequence 

pentad pentad S ( 1 3 c ) pentad 

11201 - 8 8 . 5 8 9 . 3 10101 - 5 4 . 4 . . . - 5 4 . 9 10001 -21 .0 
10200 - 8 9 . 9 10100 - 5 8 . 1 10000 - 2 4 . 2 

01210 - 9 6 . 6 00100 - 6 1 . 3 00000 -27./! 
01100 - 6 3 . 1 11001 -29.8 

01001 - 3 3 . 0 

01000 - 3 6 . 2 

1 1 0 1 0 .7 
01010 - 4 4 . 9 

A Brucker WM 250 FT Spectrometer was used to obtain the 
1 ^ 1 ^ 'C—I,TMR spectra of the no]yrners• The resonance frequency for y0 

ns 6?• Q MHz on the inst'njment» 

Samples were Hi sso] v^d in a 75/25 w/v: ortho-di chlorobenz ene / 

dg-benzene mixture and heyamet^yldi siloxane (HMDS) was added as a.n 

internal shift reference. Sample concentrations were nomally around 

15 wt The solvent system permitted an adequate polymer solubility 

and sufficient deuterium concentration to operate the spectrometer 
o 

field lock system. All spectra were run at 80 C to improve 

solubility and resolution, by reducing the solution viscosity. 

Broad-band protron decoupling was used for all spectra. 

The resulting spectra are shown in Figure 13» 

3.4.2. Microstructure of CPE 

The molar degree of chlorination ok and the weight degree of 1 3 
chlorination Gr̂  determined by ^C-NMR are seen in Table 10. They are 

compared with the values obtained from chemical analysis. It can be 

seen that the relative error A between two methods is reasonable 

because each method was estimated to have a relative error of 5%* 
-G. , )/G ' . <x, sp ol, chem ' <x, chem 
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T a b l e 1 0 <* a n d G^ f r o m 1 ^ C - N M R a n d c h e m i c a l a n a l y s i s 

s a m p l e s . A 

M R chem M R chem 

C P E 1 0 . 1 1 6 0 0 . 1 1 3 8 3 7 . 4 3 6 . 9 + 0 . 0 1 

2 0 . 0 6 5 1 0 . 0 7 3 9 2 4 . 9 2 7 . 4 - 0 . 0 9 

3 0 . 1 6 4 1 0 . 1 7 7 9 4 5 . 9 4 8 . 0 - 0 . 0 4 

4 0 . 0 9 5 8 0 . 1 0 8 1 3 2 . 9 3 5 . 7 - 0 . 0 8 

2 0 0 . 3 0 8 4 0 . 3 0 9 7 6 2 . 0 6 2 . 1 0 

T h e m o l a r f r a c t i o n c o n t e n t s o f - C H 2 - , - C H C 1 - a n d - C C l ^ - g r o u p s 

( X , Y a n d z ) d e t e r m i n e d f r o m s p e c t r a a r e p l o t t e d a g a i n s t ck i n F i g u r e 

1 4 * A l s o p l o t t e d a r e t h e t h e o r e t i c a l c u r v e s f r o m E q s . 1 5 5 - 1 6 0 . O u r 

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

h i n d e r e d - t y p e s u b s t i t u t i o n . 

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

f r a c t i o n s ^QOOOO* * 0 1 0 0 0 a n d ^ 1 0 0 0 0 w i - f c h a c c u r a c y a r e p l o t t e d 

i n F i g u r e s 15 a n d 16 a n d c o m p a r e d w i t h t h e t h e o r e t i c a l c u r v e s 

c a l c u l a t e d f r o m t h e e q u a t i o n s i n T a b l e 8 . The r e s u l t s a l s o s h o w t h e 

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

w h e n t h e c h l o r i n e c o n t e n t i s l o w e r t h a n 5 0 % b y w e i g h t . T h e t h e o r e t i c a l 

c u r v e s c a n n o t f i t t h e e x p e r i m e n t a l d a t a e v e n a t A = 0 , w h e r e t h e 

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

7 0 

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

t h i s d o e s n o t i m p r o v e t h e d i s c r e p a n c y . 39 4 0 

C o m p a r i n g t h e r e s u l t s o f F
0 0 0 0 0 ^ e l i t e r a t u r e ^ 7 ' , we 

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

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

w i t h S[. C a l c u l a t i o n s h o w s t h a t F q q q q q s h o u l d b e z e r o a t c £=0 . 100 

( G = 3 4 « 0 ) i f c h l o r i n e i s h o m o g e n e o u s l y d i s t r i b u t e d a l o n g t h e c h a i n . 
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DTA r e s u l t s s u p p o r t o u r c o n c l u s i o n . F i g u r e 17 s h o w s t h e DTA 

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

d e t a i l s w i l l b e d i s c u s s e d i n c h a p t e r 4 ) . I t c a n b e s e e n t h a t f o r 

C P E 3 ( 4 8 . 0 % C l ) a n o r m a l T t r a n s i t i o n o c c u r s a t 1 0 ° C w h i l e f o r & 
C P E 4 ( 3 5 . 7 % C l ) a n d C P E 2 ( 2 7 . 4 % C l ) a f t e r t h e T t r a n s i t i o n s t h e r e S 
a r e e n d o t h e r m i c p e a k s a t 0 ° a n d 4 0 ° C , r e s p e c t i v e l y . T h e s e c a n b e 

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

i n C P E , w h i c h c o r r e s p o n d t o t h e p a r a f f i n s w i t h 14 a n d 21 c a r b o n s , 

r e s p e c t i v e l y . S i m i l a r p h e n o m e n o n w a s r e p o r t e d f o r C P E p o l y m e r s 4 ' ' , 

h o w e v e r , t h e r e i s a d i f f e r e n c e b e t w e e n t h e m . One c a n s e e t h a t when 

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

u s e d t h e e n d o t h e r m i c p e a k s o c c u r e d o v e r t h e same t e m p e r a t u r e r a n g e 

f 0 \ 

v ^ 9 5 C ) w h i c h c o r r e s p o n d e d t o t h e m e l t i n g p o i n t o f a c e r t a i n l e n g t h 

o f p a r a f f i n s e g m e n t s ( a b o u t 54 c a r b o n s ) . C r y s t a l l i n i t y p e r s i s t e d i n 

s u s p e n s i o n C P E u n t i l t h e c h l o r i n e c o n t e n t r e a c h e d 5 6 % b y w e i g h t , w h i c h 

c o r r e s p o n d e d t o t h e c h l o r i n e c o n t e n t o f p o l y ( v i n y l c h l o r i d e ) . T h u s 

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

i n h o m o g e n e o u s a l o n g t h e c h a i n , i t c a n l e a v e a l o n g l e n g t h o f CH^ 

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

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

t h e f a c t t h a t s o l u t i o n c h l o r i n a t i o n i s a more h o m o g e n e o u s p r o c e s s . 
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4 . D E T E R M I N A T I O N OF THE P H A S E BOUNDARY 

AND THE I N T E R A C T I O N PARAMETER 

4.1• Introduction 

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

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

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

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

d y n a m i c m e c h a n i c a l r e l a x a t i o n a n d d i e l e c t r i c r e l a x a t i o n . I n c h a p t e r 

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

b e e n d i s c u s s e d . I n t h i s c h a p t e r t h e b a c k g r o u n d s a n d t h e e x p e r i m e n t a l 

d e t a i l s w i l l be d e s c r i b e d . F o r t h e m e a s u r e m e n t o f i n t e r a c t i o n 

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

I G C . The b a c k g r o u n d s a n d t h e e x p e r i m e n t a l d e t a i l s w i l l be d e s c r i b e d . 

T h e s t r e s s w i l l be p l a c e d o n I G C w h i c h w i l l be s t u d i e d f r o m t h e 

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

t h o s e f r o m I G C w i l l be d i s c u s s e d a l o n g w i t h t h e p r a c t i c a l s y s t e m s 

i n c h a p t e r 5« 

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

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

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

t h e r a t e o f p h a s e s e p a r a t i o n a n d g r o w t h o f s e p a r a t e d p h a s e s . We c a n 

d i v i d e p o l y m e r m i x t u r e s i n t o t h r e e t y p e s : 

a ) O l i g o m e r m i x t u r e s . 

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

c a n be o b s e r v e d v i s u a l l y b y t u r b i d i t y . P h a s e v o l u m e c a n a l s o be 

m e a s u r e d e a s i l y . 

b ) P o l y b l e n d s w i t h a t l e a s t o n e c o m p o n e n t h a v i n g a l o w T 
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o r l o w T ^ a n d l o w m o l e c u l a r w e i g h t ( u s u a l l y s m a l l e r t h a n 1 0 ^ ) . 

I n t h i s c a s e t h e p h a s e s e p a r a t i o n i s a l s o f a s t . F o r e x a m p l e , 

p o l y ( v i n y l m e t h y l e t h e r ) / p o l y s t y r e n e i s a b l e n d i n w h i c h p o l y s t y r e n e 

i s m o b i l e a b o v e i t ' s T t r a n s i t i o n ( a l t h o u g h t h e T i s h i g h ) , t h e 
g S> 

71 
p h a s e b o u n d a r y c a n be o b s e r v e d v i s u a l l y u s i n g a m i c r o s c o p e 

c ) P o l y b l e n d s w i t h h i g h T c o m p o n e n t s . 8 

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

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

s t a g e . 

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

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

k i n e t i c s o f p h a s e d e m i x i n g . 

4 . 2 . L i g h t s c a t t e r i n g t u r b i d i t y 

4 . 2 . 1 . T h e o r y 

T h e r e a r e two l i g h t s c a t t e r i n g t h e o r i e s r e l a t i n g t o t h e p h a s e 

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

2 72 
d e v e l o p e d f l u c t u a t i o n t h e o r y f o r p o l y m e r s o l u t i o n s * , i n w h i c h t h e 

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

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

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

K - d A A / d c ) - 1 162) 
12 

T h u s G o r d o n s u g g e s t s t h a t i f I i s m e a s u r e d n e a r t h e c r i t i c a l 

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

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

c o n d i t i o n f o r t h e s p i n o d a l i s d < ^ / d c = 0 . T h i s m e t h o d w a s u s e d t o 73 
m e a s u t e t h e s p i n o d a l o f p o l y m e r s o l u t i o n s a n d o l i g o m e r m i x t u r e s . 

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

s o l u t i o n u n d e r g o i n g s p i n o d a l d e c o m p o s i t i o n b y v a n A a r t s e n a n d 
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7 A 
S m o l d e r s a n d was a d a p t e d f o r p o l y m e r m i x t u r e s The m a i n c o n c l u s i o n 

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

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

a s p a c i n g D f o r w h i c h t h e B r a g g r e f l e c t i o n c o n d i t i o n E q . 1 6 3 i s o b e y e d . 

w h e r e A q i s t h e w a v e l e n g t h o f i n c i d e n t l i g h t , 9 m i s t h e a n g l e o f t h e 

i n t e n s i t y max imum. T h u s , t h e b l e n d a f t e r p h a s e s e p a r a t i o n may be 

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

F o r p o l y m e r m i x t u r e s we c a n n o t u s e E q . 1 6 2 f o r m e a s u r i n g t h e 

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

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

A c c o r d i n g t o E q . 1 6 3 t h e i n t e n s i t y maximum o f s c a t t e r e d l i g h t m o v e s t o 

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

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

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

a t o n e a n g l e c a n o n l y b e made e m p i r i c a l l y . 

4 . 2 . 2 , E x p e r i m e n t a l 

T h e p h a s e b o u n d a r i e s o f P B A / C P E b l e n d s w e r e e x a m i n e d b y m e a s u r i n g 

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

11 
s c a t t e r i n g p h o t o m e t e r • T h e f i l m s w e r e s u p p o r t e d i n a s a m p l e h o l d e r 

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

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

l i g h t s c a t t e r e d a t 4 5 ° w a s m e a s u r e d u s i n g a p h o t o d i o d e . T h e t e m p e r a t u r e 

o f t h e b l o c k wa s a l t e r e d a t a c o n t r o l l e d r a t e a n d a p l o t o f s c a t t e r e d 

l i g h t i n t e n s i t y a g a i n s t t e m p e r a t u r e was o b t a i n e d . A t t h e c l o u d p o i n t 

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

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

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

m 
1 6 3 ) 
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i n F i g u r e 1 8 , 

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

o u t f o r PMMA/CPE b l e n d s w i t h c h l o r i n e c o n t e n t o f C P E c h a n g i n g f r o m 

2 7 . 4 t o 5 1 . 6 % b y w e i g h t . 

T h e p h a s e b o u n d a r i e s o f OMMA/COD m i x t u r e s w e r e a l s o d e t e r m i n e d . 

M i x t u r e s o f o l i g o m e r s w e r e w e i g h e d i n d i f f e r e n t p r o p o r t i o n s i n t o 

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

f o r m i x t u r e s o f COD1/OMMA23 a n d COD2/OMMA23. T h e s a m p l e s w e r e h e a t e d 

0 
t o a t l e a s t 1 0 C a b o v e t h e c l o u d p o i n t a n d m i x e d t h r o u g h l y w i t h a 

g l a s s r o d . On c o o l i n g t h e m i x t u r e a t 0 . 1 ° C / r a i n , t h e c l o u d p o i n t w a s 

d e t e c t e d b y t h e a p p e a r a n c e o f t u r b i d i t y i n t h e m i x t u r e . T h e 

m e a s u r e m e n t s w e r e e a c h r e p e a t e d t w i c e . M i x t u r e s o f COD3/OMMA23 w e r e 

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

n i t r o g e n f r o m a l i q u i d n i t r o g e n c o n t a i n e r . The c o o l i n g r a t e wa s 

o / 
c o n t r o l l e d a t 0 . 1 C / m i n b y a d j u s t i n g t h e n i t r o g e n s t r e a m . I t wa s n o t 

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

w i t h h i g h e r c h l o r i n e c o n t e n t s s i n c e t h e m i x t u r e s became v i s c o u s o r 

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

b o u n d a r y was e s t i m a t e d a s ± 0 . 2 ° C f o r COD1/OMMA23 a n d COD2/OMMA23, a n d 

£2°C f o r COD3/OMMA23 m i x t u r e s . 

4 . 3 . 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 ( D T A ) 

4 . 3 * 1 • T h e o r y nC nn 

A g e n e r a l i z e d t h e o r y o f DTA h a s b e e n r e p o r t e d b y G r a y a n d 

i s c o n s i d e r e d h e r e . T h e m o d e l u s e d i s s h o w n i n F i g u r e 1 9 * T h e t h e r m a l 

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

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

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

o r f r o m t h e s a m p l e a t a r a t e d q / d t . The t o t a l h e a t c a p a c i t y o f t h e 
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s a m p l e p l u s c o n t a i n e r i s d e s i g n a t e d C g , w h i c h , t o g e t h e r w i t h R , i s 

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

s a m p l e i s g e n e r a t i n g e n e r g y a t a r a t e d H / d t w h i c h c a n e i t h e r i n c r e a s e 

t h e s a m p l e t e m p e r a t u r e o r be l o s t t o t h e s u r r o u n d i n g s . A s e n e r g y 

m u s t b e c o n s e r v e d , t h e sum o f t h e two e f f e c t s m u s t e q u a l , s o t h a t 

d H / d t = C ( d T / d t ) - d q / d t 1 6 4 ) 
s s 

H o w e v e r , 

d q / d t = ( T b - T s ) / R 1 6 5 ) 

s o t h a t E q . 1 6 4 c a n b e r e w r i t t e n a s 

d H / d t = C g ( d T s / d t ) + ( T s - T b ) / R 1 6 6 ) 

B y w r i t i n g a s i m i l a r e q u a t i o n t o E q . 1 6 4 f o r t h e r e f e r e n c e c e l l w h e r e 

d H / d t = 0 a n d s u b t r a c t i n g i t f r o m E q . 1 6 4 , i t may b e s h o w n t h a t t h e 

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

R ( d H / d t ) = ( T s - T r ) + R ( C s - C r ) d T r / d t + R C s d ( T s - T r ) / d t 1 6 7 ) 

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

t y p e s : e n d o t h e r m i c , w i t h h e a t a b s o r p t i o n ; e x o t h e r m i c , w i t h h e a t 

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

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

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

d i f f e r e n t i a l v s t e m p e r a t u r e a r e s h o w n i n F i g u r e 2 0 f o r t h e t h r e e 

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

o b t a i n e d b y s o l v i n g E q . 1 6 7 u s i n g t h e c o n d i t i o n s o f t r a n s f o r m a t i o n s 

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

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

4 . 3 * 2 . E x p e r i m e n t a l 

T h e r m o g r a m s o f C P E s a m p l e s w i t h d i f f e r e n t d e g r e e s o f c h l o r i n a t i o n 

w e r e s t u d i e d u s i n g D T A . M e a s u r e m e n t s w e r e made o n a Da P o n t 9 9 0 

i n s t r u m e n t u s i n g a s a m p l e w e i g h t o f a r o u n d 10 m g . T h e s a m p l e was 
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c 0 & / 
s c a n n e d f r o m - 1 0 0 t o 1 0 0 C a t 10 C / m i n h e a t i n g r a t e . F i g u r e 17 s h o w s 

t h e t h e r m o g r a m s o f t h e C P E s a m p l e s . 

T h e p h a s e " b o u n d a r i e s o f PMMA/CPE b l e n d s w e r e a l s o d e t e r m i n e d 

b y D T A . DTA ( a n d D S C ) h a s b e e n w i d e l y u s e d i n t h e s t u d y o f p o l y m e r 

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

o f s a m p l e i s n e e d e d ( ^ 1 0 m g ) , b ) a n y f o r m o f s a m p l e ( s o l i d o r l i q u i d , 

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

t h e r m a l h i s t o r y t h r o u g h p r o g r a m m e d h e a t i n g a n d c o o l i n g c y c l e s , d ) / o 0 \ 
One c a n u s e a r a p i d t e m p e r a t u r e s c a n i n a b r o a d r a n g e ( . - 150 t o 3 00 C j , 

w h i c h m a k e s t h e m e a s u r e m e n t o f h e a t s e n s i t i v e p o l y m e r s u c h a s C P E 

p o s s i b l e , a n d e ) I t i s p o s s i b l e t o make a q u a n t i t a t i v e d e t e r m i n a t i o n 78 
o f t h e c o m p o s i t i o n f r o m t h e m e a s u r e d T ^ a n d ^ T v a l u e s . 

The m e a s u r e m e n t s w e r e made u s i n g a s a m p l e w e i g h t o f a r o u n d 10 

o / 
mg. The s a m p l e w a s h e a t e d a t 1 0 0 C / m i n a n d h e l d a t t h e u p p e r 

o 
t e m p e r a t u r e f o r 10 m i n a n d t h e n q u e n c h e d t o - 2 0 C . The s a m p l e was 

o , 

t h e n s c a n n e d a t a r a t e o f 10 C / m i n . T h e u p p e r t e m p e r a t u r e o f f a s t 

h e a t i n g wa s c h a n g e d b y 1 0 ° C i n t e r v a l s . P h a s e s e p a r a t i o n wa s d e t e r m i n e d 

b y t h e f i r s t a p p e a r a n c e o f new t r a n s i t i o n s i n a s u b s e q u e n t s c a n , a s 

i l l u s t r a t e d i n F i g u r e 21• 

4*4* E l e c t r o n m i c r o s c o p y 

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

m i x t u r e s . T h e h o m o g e n e i t y o f a b l e n d i s d i r e c t l y o b s e r v e d i n a 
79 

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

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

a n d s t y r e n e / a c r y l o n i t r i l e c o p o l y m e r a c c o r d i n g t o t h e c o m p o s i t i o n o f 80 81 

t h e b l e n d a n d t h e t e m p e r a t u r e . M a t s u o a n d K a p l a n c o m p a r e d d y n a m i c 

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

t r a n s i t i o n s w o u l d b e a p p a r e n t i n b l e n d s w h e r e t h e l e v e l o f 
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0 o 
h e t e r o g e n e i t y i s g r e a t e r t h a n ^ 1 0 0 0 A . B e t w e e n 2 0 0 a n d 1 0 0 0 A two 

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

o 
t h a n 1 5 0 A t h e b l e n d w o u l d e x h i b i t o n l y o n e g l a s s t r a n s i t i o n . 

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

p r o p e r t i e s o f p o l y m e r m i x t u r e s . 

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

i m a g e may n o t be a p e r f e c t r e c o n s t r u c t i o n o f t h e o b j e c t . T h e r e a s o n s 

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

a n d damage d u e t o t h e e l e c t r o n beam. S o m e t i m e s s a m p l e s n e e d t o b e 

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

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

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

w i t h two c o m p o n e n t s h a v i n g a T h i g h e r t h a n r o o m t e m p e r a t u r e , & 
q u e n c h e d s a m p l e s a f t e r t r e a t m e n t a t h i g h t e m p e r a t u r e s c a n b e u s e d 

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

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

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

o t h a n 1 0 A , w h i c h m e e t s t h e n e e d s f o r p o l y b l e n d s t u d i e s i f a n u l t r a f i n e 

o 
f i l m ( s e v e r a l h u n d r e d A ) i s u s e d a s o b j e c t . S t a i n i n g t e c h n i q u e s u s i n g 

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

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

b o n d . I n t h i s w o r k t h e c o n t r a s t o f t h e i m a g e comes f r o m t h e c h l o r i n e 

i n C P E , w h i c h a p p e a r s a s a d a r k p h a s e , w h i l e PMMA i s r e l a t i v e l y 

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

I n o r d e r t o c h e c k t h e m e a s u r e d p h a s e b o u n d a r y a P M M A 1 . 4 / C P E I 6 

m i x t u r e wa s s t u d i e d b y t r a n s m i s s i o n e l e c t r o n m i c r o s c o p y ( T E M ) . The 

b l e n d h a d a w e i g h t f r a c t i o n o f O . 2 6 3 C P E a n d t h e c l o u d p o i n t w a s 

1 4 0 C a s m e a s u r e d b y DTA ( s e e c h a p t e r 5 ) * S e v e r a l s t r i p s o f t h e b l e n d 
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0 o o o 

w e r e h e a t e d a t 1 1 0 , 1 3 0 , 1 5 0 a n d 1 7 0 C f o r 15 n i i n a n d t h e n q u e n c h e d 

b e f o r e TEM o b s e r v a t i o n . One s t r i p o f t h e b l e n d w i t h o u t h e a t t r e a t m e n t 

wa s u s e d a s a r e f e r e n c e . 

T h e s a m p l e s w e r e s e c t i o n e d u s i n g a n L K B u l t r a m i c r o t o m e t o 

6 

4 0 0 - 8 0 0 A . B e c a u s e t h e s a m p l e s w e r e h a r d a t r o o m t e m p e r a t u r e , t h e y 

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

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

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

O b s e r v a t i o n s w e r e made o n a JEM 1 0 0 B m a c h i n e , w h i c h h a s a 0 
maximum r e s o l u t i o n o f 2 . 6 A . T h e r e s u l t s w i l l b e d i s c u s s e d i n 

c h a p t e r 5 * 

4 . 5 . D y n a m i c m e c h a n i c a l r e l a x a t i o n 

4 . 5 . 1 . T h e o r y 
a ) T h e d i s s i p a t i o n f a c t o r t a n £ 

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

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

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

82 

c o m b i n a t i o n o f a s p r i n g a n d a d a s h p o t , k n o w n a s t h e M a x w e l l m o d e l . 

I f a s t r e s s 0" i s a p p l i e d t o t h i s m o d e l t h e s t r a i n fc w i l l b e g i v e n b y 

d E / d t = ( l / E ) d < > / d t + < y ? 168 ) 

w i t h 

T = ? / E 1 6 9 ) 

w h e r e t i s t h e t i m e , E i s t h e Y o u n g ' s m o d u l u s o f t h e s p r i n g , J ? i s 

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

o f t h e m o d e l d e f i n e d b y E q . 1 6 9 . T h e r i g h t h a n d s i d e o f E q . 1 6 8 i s 

c o m p o s e d o f two t e r m s : t h e f i r s t t e r m i s a t e r m f o r a H o o k e a n 

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

I f 0 " i s a s i n u s o i d a l s t r e s s w i t h f r e q u e n c y c o , 
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( T ( t ) = i r o e i ' J t 1 7 0 ) 

* 

We c a n d e f i n e t h e c o m p l e x d y n a m i c m o d u l u s E a s 

E * = d O ( T ) / d £ ( T)=TWE/ (T« - i ) 

= E T 2 e a 2 / ( 1 +W 2 T 2 ) + i T W E / ( 1 +TO2<J2 )=E' + I E " 1 71 ) 

w i t h 

E* = E 7 2 W 2 / ( 1 T 2 ) 1 7 2 ) 
E ! , =ETC^(I+TO 2 R 2 ) 173 ) 

E q • 1 7 1 s h o w s t h a t f o r a v i s c o e l a s t o m e r t h e r e s p o n s e ( s t r a i n ) i s a l s o 

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

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

t a n £ =E" / E '=1 /TW 1 7 4 ) 
When t a n 6 w i l l r e a c h a max imum. T h i s p o i n t c o r r e s p o n d s t o t h e 

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

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

w h i c h c a u s e s t h e max imum m e c h a n i c a l d a m p i n g . 

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

o n l y h a s a s i n g l e r e l a x a t i o n t i m e . F o r a p r a c t i c a l p o l y m e r we s h o u l d 

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

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

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

m e a s u r e m e n t s . 

b ) T h e g l a s s t r a n s i t i o n t e m p e r a t u r e T o f h o m o g e n e o u s p o l y b l e n d 8 
P o l y m e r c o m p a t i b i l i t y c a n b e d e t e c t e d b y c o n s i d e r a t i o n o f t h e 

n u m b e r o f T t r a n s i t i o n s i n t h e b l e n d . I f o n l y one T i s f o u n d 
8 8 

i n t e r m e d i a t e b e t w e e n t h e two T t e m p e r a t u r e s o f t h e p u r e c o m p o n e n t s , 
8 

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

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

F o r m i s c i b l e p o l y b l e n d s , a p l o t o f T a g a i n s t c o m p o s i t i o n i s 8 
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n o t a l w a y s a l i n e a r f u n c t i o n . T h e r e may be p o s i t i v e d e v i & t i o n s 

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

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

b l e n d s h a v i n g weak i n t e r a c t i o n s . The s y s t e m s f o r t h e s e t h r e e c a s e s 

( p o s i t i v e , n e g a t i v e a n d no d e v i q t i o n s ) a r e s u m m a r i z e d i n a b o o k b y 

83 
O l a b i s i a n d o t h e r s . The f o l l o w i n g e q u a t i o n s a r e u s e d t o e x p r e s s 

t h e n e g a t i v e d e v i 2 t i o n s f r o m t h e l i n e a r t y : 

p / 
T h e F o x e q u a t i o n , 

L / T G = V T G 1 + W 2 / T G 2 1 7 5 ) 
85 

t h e G o r d o n - T a y l o r e q u a t i o n , 

V [ W 1 V i + k ( 1 ~W1 )Tg2 W1+k( 1 ~W1 1 1 6 } 
86 

a n d t h e K e l l e y - B u e c h e e q u a t i o n , 

V Tg1+k( 1 _4>1 )Tg2] / C < f l 1 1 ' ) ] 177 ) 

I n t h e t h r e e e q u a t i o n s w^ a n d <|K a r e t h e w e i g h t f r a c t i o n a n d v o l u m e 

f r a c t i o n o f c o m p o n e n t i . k i s t h e r a t i o o f t h e t h e r m a l e x p a n s i o n 

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

p o l y m e r s . 

k = W i 2 - V / ( o ( i r V 1 7 8 ) 

When k = 1 E q s . 1 7 6 a n d 1 7 7 r e d u c e t o t h e l i n e a r f o r m 

V l T g 1 + W 2 T g 2 1 7 9 > 

V V g 1 + * 2 T g 2 18°) 
87 

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

e q u a t i o n s . He s t a r t e d f r o m e x p r e s s i n g t h e m o l a r e n t r o p y S o f t h e 

m i x e d s y s t e m . 
S = n „ S . , + n 0 S 0 + A S 1 8 1 ) 1 1 2 2 m 7 

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

c o m p o n e n t i , a n d A S m i s t h e e x c e s s e n t r o p y o f m i x i n g . I f S i s r e f e r r e d 

t o t h e g l a s s t r a n s i t i o n t e m p e r a t u r e a n d t h e v a l u e i s d e n o t e d a s S ^ , 
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b y i n t r o d u c i n g t h e h e a t c a p a c i t y E q . 1 8 1 c a n b e r e w r i t t e n a s 

S=nlK+ JT ^ p l ^ W ^ S ,CP2dlnT} +4Sm 
g 1 * g 2 

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

p a r a m e t e r s a t t h e g l a s s t r a n s i t i o n t e m p e r a t u r e s ( s e e F i g u r e 2 0 

f o r e n t h a l p y ) : 

S ? ( g l a s s ) = S ^ ( l i q u i d ) 

V e h a v e 

n S l e (°!rcpl ) d l n T K f S k ( C p 2 - C p 2 ^ d l n T ^ S ^ S m = ° 
V g 1 g 2 

F o r i d e a l a n d r e g u l a r s o l u t i o n s , 

d S ^ S 1 
m m 

a n d E q . 1 8 4 r e d u c e s t o 

l g * C
D i d l n T + n

2 S T g d l n T = 0 
g 1 F g 2 • 

w h e r e A d e n o t e s t r a n s i t i o n i n c r e m e n t s . N o t i n g A C ^ i s c o n s t a n t a n d 

i n t e r g r a t i n g E q . 1 8 6 , we o b t a i n 

W l n ( l r A i ) 4 V V n ( V V 
F o r l a t e r c o n v e n i e n c e n ^ i s e x c h a n g e d f o r t h e w e i g h t f r a c t i o n w^ 

a n d i s t h e n t a k e n a s p e r u n i t w e i g h t . E q . 1 8 7 c a n t h e n b e 

r e w r i t t e n a s 

l n V ( V C p 1 l n T g 1 + V C p 2 l n T g 2 >/< V C p 1 + V C
P 2 ) 

88 
I f T ^ V P g , E q . 1 8 8 r e d u c e s t o t h e Wood e q u a t i o n 

V ( V C p 1 T g 1 + V C
P 2 V V C

P 1 + V C p 2 ) 

I f T 0 a n d AC „T ~AC 0 T E q . 1 8 8 r e d u c e s t o t h e F o x e q u a t i o n 
g 1 g 2 p 1 p 2 g 2 

( E q . 1 7 5 ) . : I f r e d u c e s t o t h e P o c h a n , B e a t t y a n d 

H i n m a n e q u a t i o n * ^ 

g 1 g\ 2 g 2 

I f T • V T 0 a n d 4 C M J 0 , E q . 1 8 8 r e d u c e s t o E q . 1 7 9 -
g 1 g 2 p 1 p 2 

S t a r t i n g f r o m t h e c o n t i n u i t y o f t o t a l v o l u m e o f m i x t u r e , w i t h 

s i m i l a r d e r i v a t i o n s a s u s e d f o r t h e e n t r o p y c o n t i n u i t y , C o u c h m a n ' s 
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t h e o r y a l s o e x p l a i n e d E q . 1 7 7 > "the K e l l e y - B u e c h e e q u a t i o n . 

4 . 5 . 2 . E x p e r i m e n t a l 

M e a s u r e m e n t s w e r e c a r r i e d o u t o n a R h e o v i b r o n ( M o d e l D D V - 2 , 

T o y o M e a s u r i n g I n s t r u m e n t C o . L t d . ) . A s t r i p o f t h e s a m p l e ( 2 0 x 5 x 0 . 2 

mm) w a s s u b j e c t e d t o a n i m p o s e d o s c i l l a t o r y f r e q u e n c y o f 11 H z . A 

0 0 0 / 

t e m p e r a t u r e r a n g e f r o m - 6 0 t o 1 7 0 C w a s s c a n n e d a t 1 C / m i n h e a t i n g 

r a t e a n d a p l o t o f t a n £ a g a i n s t t e m p e r a t u r e o b t a i n e d . A maximum i n 

t a n £ w a s t a k e n a s a m e a s u r e o f T . g 

T h e e x p e r i m e n t s c o n s i s t e d o f 4 g r o u p s : a ) p u r e CPE s a m p l e s , 

b ) PMMA/CPE b l e n d s , c ) P B A / C P E b l e n d s a n d d ) C P E / C P E b l e n d s . H e r e t h e 

r e s u l t s f o r t h e p u r e C P E s a m p l e s a r e p r e s e n t e d . The r e m a i n d e r w i l l 

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

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

F i g u r e 22 i s a p l o t o f t h e T m e a s u r e d a g a i n s t c h l o r i n e c o n t e n t i n g 

C P E . I t s h o w s t h a t a t l o w c h l o r i n e c o n t e n t t h e c h l o r i n e d e s t r o y s t h e 

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

B e c a u s e t h e p o l y m e r s t i l l h a s - C H ^ - b l o c k s i n t h e c h a i n , t h e l o s s 

p e a k h a s a s m a l l e r v a l u e ( t h e maximum o f t a n £ i s a r o u n d 0 . 4 a s 

c o m p a r e d w i t h 1 . 5 o f t h e s a m p l e o f h i g h e r c h l o r i n e c o n t e n t ) . C P E w i t h 

t h e same c h l o r i n e c o n t e n t a s p o l y ( v i n y l c h l o r i d e ) h a s a l o w e r T , g 

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

C P E . 

4 . 6 . D i e l e c t r i c r e l a x a t i o n 

D i e l e c t r i c r e l a x a t i o n i s a s i m i l a r t e c h n i q u e t o d y n a m i c 

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

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

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

d i e l e c t r i c c o n s t a n t s a n d t h e d i e l e c t r i c d i s s i p a t i o n f a c t o r t a n £ t o be 
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d e t e r m i n e d e i t h e r a s a f u n c t i o n o f t e m p e r a t u r e ( t e m p e r a t u r e - p l a n e 

m e a s u r e m e n t s ) o v e r many f r e q u e n c i e s o r a s a f u n c t i o n o f f r e q u e n c y 

( f r e q u e n c y - p l a n e m e a s u r e m e n t s ) a t s e l e c t e d t e m p e r a t u r e s . F r e q u e n c y -

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

c o m p a t i b i l i t y may b e s t u d i e d a t t e m p e r a t u r e a b o v e o r b e l o w T 
g 

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

s o l u t i o n t e m p e r a t u r e s ^ . 

C o m p a r e d w i t h DTA ( D S C ) a n d d y n a m i c m e c h a n i c a l m e a s u r e m e n t s , 

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

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

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

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

p o l y m e r s . Some s t u d i e s i n t h i s f i e l d h a v e b e e n s u m m a r i z e d i n t h e 

l i t e r a t u r e ^ . 

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

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

r e l a x a t i o n . T h e M a x w e l l m o d e l h a s b e e n u s e d t o s i m u l a t e t h e b e h a v i o u r 

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

9 1 

e l e c t r i c a l a n a l o q u e , a s s h o w n i n F i g u r e 2 3 • One c a n w r i t e f o r t h e 

e l e c t r i c a l m o d e l 

d e / d t = C ( d V / d t ) + ( 1 / R ) V 1 9 1 ) 

w h e r e d e / d t i s t h e c u r r e n t , C t h e c a p a c i t y , R t h e r e s i s t i v i t y , a n d Y 

t h e e l e c t r i c a l p o t e n t i a l . C o m p a r i n g E q . 1 9 1 w i t h E q . 1 6 8 , i t i s c l e a r l y 

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

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

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

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

m o d e l . I f a p e r i o d i c e l e c t r i c a l f i e l d i s a p p l i e d , a s i m i l a r e q u a t i o n 
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f o r t h e e l e c t r i c a l d i s s i p a t i o n f a c t o r t a n £ c a n b e d e r i v e d . 

I n t h i s w o r k some PMMA/CPE b l e n d s w e r e s t u d i e d u s i n g d i e l e c t r i c 

m e a s u r e m e n t s . T a n (> was m e a s u r e d o n a f i l m s a m p l e w i t h a 1 6 2 1 

P r e c i s i o n C a p a c i t a n c e M e a s u r e m e n t S y s t e m ( G e n e r a l R a d i o ) . A n 

o s c i l l a t i o n f r e q u e n c y was c h o s e n a n d a t e m p e r a t u r e r a n g e f r o m - 4 0 ° t o 

° © / 

1 7 0 C wa s s c a n n e d a t 1 C / m i n h e a t i n g r a t e . 

The r e s u l t s w i l l b e d i s c u s s e d i n c h a p t e r 5 * 

4 . 7 * H e a t s o f m i x i n g 

4 . 7 . 1 . I n t r o d u c t i o n 

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

o f p o l y m e r s o l u t i o n s . B o t h t h e F l o r y - H u g g i n s t h e o r y a n d t h e F l o r y 

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

o f m i x i n g ( ^ H m ) w i t h t h e i n t e r a c t i o n p a r a m e t e r b e t w e e n two c o m p o n e n t s . 

T h e d i f f i c u l t y i n m e a s u r i n g ^ H m i s t h a t t h e e x t r e m e l y l o w r a t e s o f 

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

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

o f t h e p o l y m e r w i t h a n a d d i t i o n a l a m o u n t o f s o l v e n t may s o m e t i m e s be 2 
m e a s u r e d i n p r e f e r e n c e t o t h e m i x i n g o f p u r e p o l y m e r w i t h s o l v e n t . 

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

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

9 2 

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

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

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

s i n g l y a n d d o u b l y c h l o r i n a t e d h y d r o c a r b o n s ( 4 - 6 c a r b o n s ) a n d 

p o l y ( v i n y l c h l o r i d e ) w i t h THF a n d f o r h e x a n e w i t h c y c l o h e x a n e . T h e 

s p e c i f i c i n t e r a c t i o n s d e t e c t e d e x p l a i n e d t h e many e x a m p l e s o f 

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

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

m i x i n g i n a s o l v e n t b y H e s s ' e s l a w w i t h t h e a i d o f t h e f o l l o w i n g 

t h e r m o c h e m i c a l e q u a t i o n s ! 

g o f p o l y m e r 1 + s o l v e n t = s o l u t i o n 1 + Q^ m. 

m^ g o f p o l y m e r 2 + s o l v e n t = s o l u t i o n 2 + Q^ 

s o l u t i o n 1 + s o l u t i o n 2 = s o l u t i o n 4 + Q^ 

V 192) 

o r a l t e r n a t i v e l y , 

m^ g o f p o l y m e r 1 + m^ g p o l y m e r 2 = s o l u t i o n 3 

s o l u t i o n 3 + s o l v e n t = s o l u t i o n 4 + Q : 

j 193) 
'3 

E q . 1 9 2 d e s c r i b e s a c y c l e t h a t s o l u t i o n 4 ( t w o p o l y m e r s i n one s o l v e n t ) 

c a n be p r e p a r e d b y d i s s o l v i n g two p o l y m e r s s e p a r a t e l y i n t o t h e 

s o l v e n t a n d t h e n m i x i n g t h e two p o l y m e r s o l u t i o n s t o g e t h e r , o r 

a l t e r n a t i v e l y i t c a n be p r e p a r e d by b l e n d i n g two p o l y m e r s f i r s t a n d 

t h e n d i s s o l v i n g t h e p o l y b l e n d i n t o s o l v e n t ( a s d e s c r i b e d i n Eq.193)* 

The t o t a l h e a t e f f e c t s h o u l d be same, we c a n w r i t e 

Ql"fQ24V=4Hm4Q3 
H e n c e , t h e h e a t o f m i x i n g o f p o l y m e r s c a n be f o u n d a s 

^nrS+V^ . 195} 

I n t h i s w o r k t h e h e a t s o f m i x i n g we re m e a s u r e d f o r 4 p a i r s o f 

o l i g o m e r s : OMMA/COD, O M M A / c e r e c l o r , P B A / c e r e c l o r a n d COD/COD. t h e s e 

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

p o l y m e r p a i r s . 

4 . 7 - 2 . E x p e r i m e n t a l 

The h e a t s o f m i x i n g w e r e m e a s u r e d u s i n g a m o d i f i e d NBS b a t c h 

11 
t y p e c a l o r i m e t e r . The m a c h i n e h a s a n a c c u r a c y o f i 0 . 0 2 J / g a s 

d e t e r m i n e d b y a n a c i d b a s e r e a c t i o n . H o w e v e r t h e v i s c o s i t y o f t he 

o l i g o m e r s made m i x i n g d i f f i c u l t a n d we e s t i m a t e a n e r r o r o f ± 0 . 1 j / g 
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f o r o u r s y s t e m s . 

T h e m a c h i n e wa s c a l i b r a t e d u s i n g a h e a t i n g c o i l i m m e r s e d i n 

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

F i s c a l c u l a t e d b y 

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

r e c o r d e r s h o w e d a p e a k w h o s e a r e a A was p r o p o r t i o n a l t o t h e h e a t Q , 

g e n e r a t e d b y t h e r e s i s t o r . W i t h d i f f e r e n t t i m e t a p l o t o f Q v s A was 

o b t a i n e d , h e n c e F was c a l c u l a t e d . 

F i g u r e 24 s h o w s e x a m p l e s o f t h e c a l i b r a t i o n s . T h e F v a l u e s f o r 

t h e s y s t e m s i n v e s t i g a t e d a r e s h o w n i n T a b l e 1 1 . I t c a n be s e e n t h a t 

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

F = Q / A 1 9 6 ) 

w i t h 

1 9 7 ) 

T a b l e 11 F v a l u e s 

m i x t u r e t e m p e r a t u r e c h a r t r e c o r d e r 

o 
C f . s . d 

OMMA23/COD2 

OMMA23/COD3 

OMMA23/COD3A 

OMMA23/COD4 

OMMA23/COD5 

7 0 

7 0 

7 0 

7 0 

7 0 

7 0 

85 

7 0 

7 0 

7 0 

3mV 

1mV 

1mV 

1mV 

1mV 

0 . 2 1 4 3 

0.0680 
0.0680 

0.0704 

0 . 0 7 1 5 

0.0226 

0 . 0 2 3 9 

0 . 0 3 9 9 

0 . 0 3 9 9 

0 . 0 4 4 7 

0 M M A 1 / c e r e c l o r 4 5 

0 M M A 1 / c e r e c l o r 4 5 

P B A / c e r e c l o r 4 5 

P B A / c e r e c l o r 5 2 

C 0 D / C 0 D 

3 0 0 V 

3 0 0 V 

3 0 0 V 

3 0 0 V 

3 00 V 

4 . 8 . D e n s i t y 

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

g r e a t s u c c e s s e s o f t h e F l o r y e q u a t i o n o f s t a t e t h e o r y . I n c h a p t e r 2 
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we h a v e d i s c u s s e d t h e d e t a i l s o f t h e t h e o r y . O w i n g t o t h e i n t e r a c t i o n 

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

c o e f f i c i e n t s b e t w e e n t h e m , t h e v o l u m e o f a m i x t u r e may n o t be 

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

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

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

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

7 
o f t h e e x c e s s v o l u m e o f m i x i n g . 

F r o m E q . 1 1 8 we c a n s e e t h a t i f A V m = 0 d u r i n g m i x i n g , t h e n 

l/dm=w1/d1+w2/d2 198) 

o r , m o r e c o n v e n i e n t l y 
v = w . v . + w 0 v . 1 9 9 ) 

m 1 1 2 2 

w h e r e vu i s t h e s p e c i f i c v o l u m e ( v ^ = l / d ^ ) . C a l c u l a t i o n u s i n g t h e 

e q u a t i o n o f s t a t e ( E q . 5 5 ) s h o w s t h a t t h e n e g a t i v e d e v i a t i o n o f d ^ o r 

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

19 

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

I n t h i s w o r k t h e d e n s i t i e s o f P M M A / C P E 1 6 b l e n d s w e r e m e a s u r e d 

b y e q u a l d e n s i t y t i t r a t i o n a s d e s c r i b e d i n c h a p t e r % The r e s u l t s 

w i l l b e d i s c u s s e d i n c h a p t e r 5« 

4 « 9 • I n v e r s e g a s c h r o m a t o g r a p h y ( I G C ) o f o n e - p h a s e a n d t w o - p h a s e b l e n d s 

4 . 9 * 1 • T h e t h e o r y f o r o n e - p h a s e b l e n d s 

T h e t h e o r y o f I G C f o r t h e s t u d y o f p o l y m e r c o m p a t i b i l i t y i s 

b a s e d o n two a s s u m p t i o n s : 

a ) T h e a c t i v i t y o f t h e s o l v e n t p r o b e a^ a t t h e l i m i t o f 0 

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

l n ( a 1 / w 1 r = l n ( 2 7 3 . 2 R / P ° V ° M 1 ) - ( P ° / R T ) ( B 1 1 » V 1 ) 2 0 0 ) 

w h e r e w^ i s t h e w e i g h t f r a c t i o n o f s o l v e n t i n t h e p o l y m e r ( l i q u i d 

p h a s e ) , M^ i s t h e m o l e c u l a r w e i g h t , P ° t h e s a t u r a t e d v a p o u r p r e s s u r e , 
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V„ t h e m o l a r v o l u m e a n d B „ . t h e s e c o n d v i r i a l c o e f f i c i e n t o f t h e 1 11 
s o l v e n t v a p o u r . T h e f i r s t t e r m o n t h e r i g h t h a n d s i d e o f t h e e q u a t i o n 

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

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

t e r m i s t h e c o r r e c t i o n f o r i m p e r f e c t g a s b e h a v i o u r . E q . 2 0 0 i s a s s u m e d 

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

b ) T h e a c t i v i t y o f t h e s o l v e n t , a ^ , c a n b e r e l a t e d t o t h e 

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

w h e n t h e l i m i t i n g c a s e o f <J>2-»1 a p p r o a c h e d . B a s e d o n t h e f r a m e w o r k 

o f t h e F l o r y - H u g g i n s t h e o r y , f o r a s i n g l e p o l y m e r 

l n ( a 1 / w 1 ) 2 = l n ( v 1 / v 2 ) + 1 + / 1 2 2 0 1 ) 

a n d f o r a b l e n d 

ln(ayw1)̂ =ln[vy(w2v2+w3v5)]+1+t2>12+̂ 13-?23Ct>2<,>3 202) 

w h e r e v ^ and ( j >^ a r e t h e s p e c i f i c v o l u m e a n d t h e v o l u m e f r a c t i o n o f 

c o m p o n e n t i , r e s p e c t i v e l y . a n C * r 2 n u r a ^ e r 

s e g m e n t s i n t h e p o l y m e r m o l e c u l e . X 2 3 u s u a l p a r a m e t e r 

d e f i n e d i n F l o r y 1 s t e r m i n o l o g y ( J C ^ ^ r A W ^ / k T , i n w h i c h Z i s t h e 

l a t t i c e c o o r d i n a t i o n n u m b e r a n d Afc) i s t h e c h a n g e i n e n e r g y f o r t h e O 
f o r m a t i o n o f a n u n l i k e c o n t a c t p a i r ) . 

C o m b i n i n g E q s . 2 0 0 - 2 0 2 , we h a v e 

ln[v°23/(W2v2+v3v3)J-t2ln(V°2/v2)-(t,5ln(V°3A3)=?'2^24,3 203) 

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

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

9 3 
l i t e r a t u r e . 

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

t h e c o m b i n a t o r i a l e n t r o p y t e r m , t h e f r e e e n e r g y o f m i x i n g ( A G m ) i s 

d e t e r m i n e d b y t h e i n t e r a c t i o n b e t w e e n t h e p o l y m e r s . 
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w h e r e n 2 i s t h e n u m b e r o f m o l e s o f p o l y m e r 2 a n d m 2 t h e m o l e c u l a r 

w e i g h t p e r s e g m e n t . T h e r e f o r e , f r o m E q . 2 0 3 t h e a l g e b r a i c d i f f e r e n c e 

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

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

m i x i n g . 

U n l i k e m o s t e x p e r i m e n t s , i n I G C t h e s y s t e m s a r e s t u d i e d a t 

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

O.IJULI i n q u a n t i t y . I f , f o r e x a m p l e , a 2 m e t r e c o l u m n i s u s e d , t h e 

p e a k r e t e n t i o n v o l u m e i s 5 0 m l , a n d t h e h a l f w i d t h o f t h e p e a k i s 

1 0 m l , t h e n t h e s o l v e n t w i l l s p r e a d o v e r a z o n e o f a b o u t 0 . 4 m e t r e s 

i n l e n g t h , a s s h o w n i n F i g u r e 25• I f , f o r e x a m p l e , t h e d i a m e t e r o f 

t h e c o l u m n i s 0 . 4 cm a n d 1 g r a m o f p o l y m e r i s l o a d e d o n t h e s u p p o r t , 

t h e c o n c e n t r a t i o n o f s o l v e n t i n s o l u t i o n w o u l d be o n l y a b o u t 0 . 1 -U.1/ 

0 . 2 g s : 0 . 0 0 0 5 v o l u m e f r a c t i o n , o r t h e c o n c e n t r a t i o n o f p o l y m e r i s 

a r o u n d 0.9995 v o l u m e f r a c t i o n . A t h i g h c o n c e n t r a t i o n o f p o l y m e r t h e 

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

a ^ e 1 ^ 206) 

o r 

P ^ P ^ e 1 * ^ 207) 
1+X 

E q s . 2 0 6 a n d 2 0 7 a r e H e n r y ' s l a w w i t h e 1 a s t h e l i m i t i n g c o n s t a n t , 

w h e n t h e c o n c e n t r a t i o n o f t h e d i l u e n t i s e x p r e s s e d b y i t ' s v o l u m e 

f r a c t i o n . E q . 2 0 6 w a s r e q u i r e d t o d e r i v e E q s . 2 0 1 a n d 2 0 2 a n d i s a l s o 

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

4 . 9 * 2 . C a l c u l a t i o n o f t h e r e t e n t i o n v o l u m e f o r a p h a s e s e p a r a t e d b l e n d 

I f two p u r e p o l y m e r s a r e i n e q u i l i b r i u m w i t h a common s o l v e n t 

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

e x p r e s s e d a s 
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InCa., )=ln<(>2+1 2=ln^+1 208 ) 
2 3 

where <)> ̂  and<|>;j are the volume fractions of solvent in polymer 2 

and 3> respectively. This is a logarithmic form of Eq.206, He^y1 s 

law. Based on Eq.208, multiplying the first expression for ln(a_1 ) 

by<|>2 and the second by<p3 and adding the two expressions, we 

obtain an expression, 

ln(ai )=4>2ln(|>2+((>5ln(})5+1 ̂  ^ ^ 3 209 ) 

If we introduce w1̂ , the weight fraction of solvent in the liquid 

phase (consisting of two pure polymers) 

w®=V1d1/(V2d2+V3d3) 210) 

where and d̂, are the volume and density of component i, respectively, 

then Eq.209 can be put in the form 

ln(a/w™)=«f2ln(^/w™)4<l>3lnC<)>5/w™)+1+l))2712+<t>3)t13 211) 

Using Eq.208 and noting that 

• X ^ i 212) 
and 

V^V^+V^ 213) 

where V* is the volume of solvent in polymer i. The limiting form of 

Eq.211 becomes 

ln(a1/wp°°=ln[v1/(w2v2+w3v3)] +1 3 

-In [(t2+1y 2~h 3 ) * 2 ( 4 > f h 2 ) ^ 1 214) 

Eq.214 gives the activity of solvent in equilibrium with two separated 

pure polymers at the limit wy-̂ 0. 

If Eq.201 is used to eliminate a n d ^ 3 in Eq.214 and the 

logarithm of the activity term of Eq.201 is substituted into Eq.200, 

the final equation becomes 
0 ( w 2 v 2 + w 3 V 3 ̂ y ^ K W 215) 



84 

This is equivalent to 

216) 
In Eqs.215 and. 216 V° is the retention volume per unit weight of g 
polymer and V°/v can be regarded as the retention volume per unit 

g 

volume of polymer, hence the dependence on weight fraction and 

volume fraction results,respectively. From the analysis of the 

activity of the solvent it is shown that the retention volume of a 

phase separated blend is a linear function of composition if the blend 

is separated into two pure polymers. 

4,9*3* Experimental 

The apparatus consisted of a Pye Unicam GCD chromatograph. It 

contained a 2 metre coiled pyrex column packed with a Teflon support 

(Phase Separation, 3^/60 mesh) on which the polymer was deposited as 

a thin film. A uniform flow of nitrogen carrier gas was passed 

through the column which was kept at constant temperature in an air 

circulating oven. A pulse of solvent was injected at one end and 

detected at the exit by a flame ionization detector. 

The packing was prepared by coating from solution. The polymer 

(1.2 g) was dissolved in MEK (AR) and the solution added to 15 g of 

the support which had been washed with MEK and dried in an oven at 
o 

100 C prior to use. The volatile solvent was evaporated slowly with 

heating and frequent stirring to prevent coagulation of the particles. 

The powder was then sieved (30/60 mesh) to remove any large particles 

( though none was found). The packing was packed into the glass 

column, applying a vacuum to one end. The columns were packed in three 

ways as described in chapter 1 and shown in Figure 255 column 1 was 

filled with packings having polymer blend coatings, column 2 was 

packed with two mixed packings, each coated with a single polymer, 
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and column 3 was packed in series with two single packings. 

The packed columns were loaded into the g.l.c. oven and 

conditioned for 12 hrs at 100°C, while nitrogen was flushed through 

the column in order that it should come to equilibrium. The retention 

volumes were measured for several solvents (pentane, MEK, THF and 

chloroform). Samples of solvent (0.1 -ul) were injected using a 1 JU.1 

Hamilton syringe. The retention time was recorded using a stopwatch 

or was calculated from the distance from injection on a well 

calibrated chart recorder. The dead volume was measured by injecting 

a sample of methane. The measurements were repeated three times and 

an average was taken. The flowrates of carrier gas were taken from 5 

-15 ml/min and the net retention volume extrapolated to zero flowrate. 

Figure 26 shows the extrapolations for CPE20 at different temperatures 

from 80-160°C using chloroform as the probe solvent. 

The specific retention volume is calculated by 

V°=(t -t )Q(273.2f /TW) 21 g x r gas' N p' 
where V° is the retention volume at 0°C, t is the retention time g r 

of solvent, t is the retention time for a non-interacting methane gas 
sample, Q is the volume flowrate of carrier gas, T is the operating 

temperature of the column, W is the weight of stationary phase, and 

f is a correction for the pressure drop along the column given by P 
fp=3[(Pi/P0)2-l]/2[(Pi/P0)3-l] 21 

where P^ is the inlet pressure and Pq is. the outlet pressure. has 

a relative error of±5% by repeat measurements on different columns. 

The mixtures studied are PMMA/CPE20, PEMA/CPE20 and PBA/CPE20. 

The details of the polymers can be seen in chapter 3* 

For the measurements of interaction parameter it is recommended 

that the polymer should be in the molten state. This temperature is 
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usually taken as T +50°C. For the PMMA/CPE system when the weight 
6 

fraction of CPE is greyer than 0.5, T +50°C will be below 120°C, 8 

the experimental temperature. For the PEMA/CPE system this requirement 

is fulfiled at 120°C, but the retention volumes of pure PEMA shows 

that this temperature could be lower because the retention volume 

decreases at above 80°C. For the PBA/CPE system only bulk adsorption 

is observed in all the measurements except for the pure CPE at 80°C. 

From the retention volume-temperature relation we can see that CPE20 

reaches the molten state at around 100°C (Figure 26). 

The choice of loading of polymer on the inert support is another 

problem for IGC. At low loadings the contribution of surface 

adsorption is relatively large, this causes the specific retention 

volume V° to increase sharply. At high coverage the coated film 

becomes so thick that solvent vapour cannot reach equilibrium in a 

limited sweep time. For example, under the conditions discussed 

previously the sweep time would be about 120 seconds for a 0.4 m zone 

to pass a section of packing if the flowrate is 5 ml/min. 

Nonequilibrium adsorption will cause V° to drop rapidly because all 8 

the stationary phase does not come into equilibrium with the solvent. 

Hence the suitable loading depends on the surface area of surpport, 

the density of polymer and the diffusion coefficient of the solvent 

In the stationary phase. Owing to the fact that solvents have quite 

different diffusion coefficients, it is difficult to find a common 

polymer loading for use with all solvents. In this work Q% w/w 
30 

coverage was used in accordance with previous usage^ . 

4 .9 .4 . Results and discussion 

a) Results on mixed packings 

In the previous section we derived Eq.216 for the retention 
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volume of a phase separated blend. With mixed polystyrene and 
94 

polybutadiene packings Klein, Widdecke and Wolter verified this 

equation. They further showed that if this incompatible polyblend 

was coated onto the support, V° also obeyed Eq.216. Dipaoba-Baranyi S QC T.Q 

and Degre , and Galin and Rupnrecht^ confirmed the last 

observation using high molecular weight polystyrene/poly(n-butyl 

methacrylate) and polystyrene/poly(dimethyl siloxane)respectively. 

Both are incompatible pairs. Thus the conclusion can be drawn that 

the retention volume of an immiscible polyblend is the same as that 

of mixed packings. 

In this work mixed packings are examined as a model of phase 

separated blends. As shown in Figure 27-29, in all the cases the 

experimental V° values for mixed packings are in agreement with 

Eq.216. It was observed that for PBA and FEKA columns the retention 

volumes at low temperatures (80°or 100°C) are a little smaller than 

required by the linear relationship. The data are just beyond the 

experimental error. This may be due to the relatively larger thickness 

considering that the same weight percentage coverage were used for 

coating polymers in all experiments. 

As expected, the retention volume of the column with packings 

in series also obeys Eq.216. The experimental values are purely due 

to additivity of the column. 

b) Results on PBA/CPE and FMMA/CPE blends 

The retention volumes of these two systems are also found to 

be linear functions of composition, as shown in Figures 27 and 29• 

This casts some douts on the homogeneity of blend coatings. The 

conclusion can be drawn from Eq.203 that must be smaller than 

the corresponding algebraic average even when the homogeneous 
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polyblend reaches the phase separation temperature, i.e. 

After phase separation the retention volume will follow Eq.216. 

There is a gap between these two retention volumes and the 

magnitude of the gap depends on the difference between and V^y 

i.e. between the interactions of the pure polymers with the solvent. 

For example, for a homogeneous blend of w^O.5 in the PBA/CPE 

system at 80°C the specific retention volume ought to be smaller 

than 35 ml (where ̂ ^=0), while the additive value is 55 ml (after 

separating into two pure polymers). The gap is 20 ml which is far 

beyond the experimental error. 

If the retention volume of the polyblend is linearly dependent 

on composition as in Eq.215» a positive will be calculated from 

Eq.203, because l n [ $ 2 ( V g 2 ^ V 2 i s n 0 longer a linear 

function of(ĵ . For PBA/CPE such a positive ft!23 is calculated. The 

value decreases with temperature, as shown In Figure 30. We can see 

that both the sign and the trend of change with temperature of 

is contrary to the thermodynamics of polymer compatibility. Polymer 

compatibility needs to have a negative or very small positive 

value. The LCST behaviour suggests that ftshould increase with 

temperature. 

The unusual ̂ 23 assumed- to arise as a result of phase 

separation of the polyblend during casting onto the support or 

during heating. Experic/.:e on casting blend films shows that phase 

separation may take place during evaporation of a solvent. This will 

depend on the conditions under which the solvent is evaporated and 

the nature of the polymer/polymer/solvent three component phase 

diagram. Incompatibility in the presence of a solvent is often 

observed for compatible polymers. For example, if blends of poly(vinyl 
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chloride) with various polyacrylates are cast from THF two phase 

systems result whereas if they are cast from MEK one phase systems 

result^0. 

If phase separation does take place then Eq.203 cannot be 

used because the equation is strictly applicable to a homogeneous 

ternary system. Instead, we need the analysis of phase separated 

blends as discussed above. 

c) Results on PEMA/CPE blends 

As seen in Figure 28, the retention volumes of the PEMA/CPE 

blends are below the linear relationship. The difference between 

them tends towards zero as the temperature increases. Table 12 lists 

the interaction parameters calculated from Eq.203 with an accuracy of 

110.20. This error in "v' results from an error of ±5% in V°. 
r O g 

However, it can be seen that the system is more compatible at higher 
/ concentrations of CPE as a larger negative ft 23 is found. With 

increasing temperature ft^j tends towards zero as would be expected. 

Table 12 V° and ft' of PEMA/CPE blends g 23 
andX'23 V°(ml/g) V°(ml/g)^ ^(ml/gtf^ V°(ml/g)^ V°(ml/g) 

w c p E 0 0.2547 0.5011 0.7451 1 
1.chloroform 

80°C 37.5 2 4 . 2 -1.15 14.9 -0.99 8.5 -1.58 6.9 
100°C 28.8 2 3 . 2 -0.50 15.9 -0.86 12.0 -1.00 10.8 
120°C 18.7 18.1 0.81 12.0 -0.41 10.0 -O . 37 8.5 

2.MEK 
80°C 35.0 27.1 -O . 64 20.5 -0.88 14.5 -1.65 16.5 
100°C 20.3 19.2 -0.24 17.4 -0.53 16.8 -0.74 20.0 
120°C 1 3 . 0 13.8 -0.31 12.0 -0.49 11.4 -0.41 11.6 
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5. ANALYSIS OF PRACTICAL SYSTEMS 

5.1. Introduction 

In this chapter we will discuss the origins of polymer 

compatibility in terms of four systems: PMMA/CPE, PBA/CPE, CPE/CPE 

and PEGM/PPGM. The data of the last system are quoted from two Ph.D. 
4-u 11,32 thesis '̂  . 

We will also simulate the phase boundaries for the four systems 

investigated. The idea that the compatibility behaviour of polymer 
5 

mixtures can be simulated by studying oligomer mixtures will be 

tested in quantitative calculations. The thermodynamic parameters 

obtained from the heats of mixing and phase boundaries of oligomer 

mixtures will be used as reference values to calculate the phase 

boundaries of polymer mixtures. 

5.2. The PMMA/CPE system 

5.2.1. Oligomeric analogues 

a) Heats of mixing and phase boundaries 

Figure 31 shows the experimental heats of mixing of 0MMA/C0D. 

The theoretical curves of 4H also shown were calculated using Eq.80. m 
With all the parameters fixed it was possible to adjust X ^ to obtain 

a best 4Hm curve to fit the experimental results. Table 13 shows the 

parameters used for the calculation. M^ and d are the experimental 

results given in chapter 3* The expansion coefficient oC was estimated 

from the density measurements at two different temperatures with an 

accuracy of£ 0.15x10~4/K. The thermal pressure coefficientwas not 
96 

available in the literature. It is known from the literature that 

the isothermal compressibility coefficient k of tetradecane at 20°C 

is 0.895x10"4/atm, and the k value of dichloroethane at 20 C is 
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0.80x10"4/atm. Hence k for COD was set as 0.85x10~4/atm. k of OMMA 

was set as 1.00x10~4/atm after considering the k value of PMMA9^. 

V was then calculated by Eq.98. It was found that Y has little 

influence on the calculation. Changing Y of OMMA from 2 to 10 atm/K 

changes the value ofAH^ calculated by about 2% and has virtually 

no effect on the phase boundaries. The value of w a s estimated 
51 

by Bondi's technique , in which the correction for the case when 

the group is not attached to carbon is not considered. X^^ was also 

calculated using Eq.114» The value so obtained was within 5% that 

from Eq.80. 
Table 13 Parameters of oligomer mixtures 

M n d,g/ml 

25°C 70°C 

oU104 

I T 1 atm/K 

s/s 2 X12 
atm 

Q12 
atm/K 

1.C0D1 314 0.8976 0.8651 8.20 9.64 0.97 210 -0.14 
C0D2 356 0.9511 0.9180 7.87 9.26 O . 9 6 170 -0.13 
COD 3 412 1.0531 1.0167 7.82 9.20 0.96 105 -0.12 
C0D3A 421 1.0807 1.0457 7.32 8.61 O . 9 6 75 
C0D4 467 1.1417 1.1054 7.18 8.45 0.95 30 
C0D5 546 1.2579 1.2167 7.36 8.66 0.94 -35 

2.0MMA23 '434 1.1378 1.0889 9.76 9.76 

* 1atm=0.1013J/ml=0.02422cal/ml 

Figure 32 shows the heats of mixing for OMMA with cereclor. 

Cereclor52 shows a favourable heat of mixing and cereclor45 very 

close to zero. The asymmetric dependence.on composition for cereclor 

45 cannot be explained by the experimental error. 

Figure 33 shows the experimental phase boundaries of 0MMA/C0D. 

The spinodals were simulated using Eq.84 with X ^ evaluated from the 

heats of mixing using Eq.80. The value of X.^ for COD1/QMMA23 was an 

extrapolated value. It was found that if Q 1 0 was set to zero the 
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three systems discussed here would be miscible in the temperature 

range of interest. With Q ^ as in Table 13 the spinodals simulated 

were in the right temperature range, but the experimental phase 

boundaries were asymmetric and the UCST was towards higher 

concentrations of COD. 

b) The variation of X ^ and chlorine content 

X^£ and Q^^ were plotted against the degree of chlorination 

of COD. The results are shown in Figure 34* X ^ decreases linearly 

with increasing chlorine content of COD. Thus X ^ c a n be separated 
98 into two terms as discussed by Paul . 

X, =X.n , . +wn..X,_ 219) 

12 12,dis Cl 12,sp J 

The dispersion force X ^ is around 340 atm, the specific interaction 
X„- is about -710 atm. With increasing chlorine content the heat 12,sp 
of mixing from endothermic to exothermic. Q ^ negative which 

suggests that the mixture has a more ordered structure compared to 

the pure substances. This could be caused by specific interactions 

between the two components in the mixture. Q ^ also aeems to have a 

dependence on the chlorine content in COD. 

c) The shape of theoretical spinodals 

It is impossible to move the theoretical UCST to the side of 

higher concentrations of COD by adjusting Q^' Several other factors 

may influence our calculation: 

1) The molecular weights of the oligomers used for the calculation 

are number average values. In fact, the weight average value is a 
better measure for predicting the cloud point curve of polydisperse 

71 
polymers . We can assume that COD has a narrow molecular weight 

distribution because it was prepared by chlorination of octadecane. 

The molecular weights calculated according to their chlorine contents 
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are in agreement with the values mrasured by VPO (se Table 4)« This 

suggests that ho disruption or extension of the basic chain 

structure occurs during chlorination. OMMA23 was prepared by 

polymerization in the presence of a chain transfer agent. This 

produces a broad molecular weight distribution and probably a much 

higher M for this oligomer. If a larger M^ is used in the calculation 

the theoretical phase boundary will move to higher concentration of 

COD because COD has a relatively low molecular weight. 
•2 -Z 

2) There can be irregular asymmetry in the phase boundary . 
34 9 

This phenomenon has been discussed in chapter 1. Some authers ' 

tried to explain the phenomenon using the equation of state theory. 

They concluded that if ^£<0 and s^/s?<1, or and m^/m^l, an 

irregular asymmetric phase boundary will result. For OMMA/COD the 

condition and holds because of specific interactions. 

The condition s^/s^land m^/m^lalso holds from the geometry of the 

chain molecules. 

5.2.2. PKMA/CPE16 (51.6% Cl) blends 

a) The experimental phase boundaries 

Figure 35 shows the phase boundaries, which were determined 

from DTA measurements. 

Figure 36 is an electronmicroscopy result which verifies the 

phase boundary measured by DTA. It can be seen that the sample treated 

at 110°C was still as homogeneous as the reference. When it was 

treated at 1 30°C dark areas appeared. The dimensions of the areas 

are a little smaller than 0.1 JU., which is much larger than the 

dimensions of a CPE molecule(^-100 A). With increasing temperature, 

the separated two phases are clearly observed. 

It is possible that the spinodal is far above the binodal in 
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the blend Investigated as the micrography shows disconnected spots 
o o 

at 150 and 170 C, which is a strong indication of a nucle^tion and 

growth mechanism of phase separation. 

It was found that exposure under the electron beam increased 

contrast between two phases and induced further phase separation in 

the sample which had already phase separated, as the dark spots 
increased their sizes. A similar phenomenon has been reported in 

79 
the literature . 

The system was studied using dynamic mechanical measurements. 

Figures 37-39 show plots of tan£(T) of CPE16 blends with PMMA 

of different molecular weights which confirm that the mixtures are 

compatible. The plots of T measured against compositions are also 

shown in the corresponding figures. The T forms a linear S 
relationship with composition. No efforts were made to measure 

samples with a low concentration of CPE of the system in Figure 37 

because they are too brittle. 

Figure 40 shows the influence of temperature on compatibility. 

The same blends in Figure 39 were treated at 1/)0°C for 15 minutes. 

We can see that the T of sample 218 is far above the linear g 
relationship, which suggests that phase separation has already taken 

place in the sample. 

The system was also studied using dielectric measurements. 

Figures 41 and 42 show the dielectric results of CPE16 

blends with PMMA of different molecular weights which confirm that 

the systems are compatible. T^ results as determined by the peak 

values of tan^ are also plotted against composition. The T^ also 

has a linear relationship with composition. 

b)The simulated spinodals 
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Figure 43 shows the simulated spinodals of the system. Table 

14 shows the parameters used for the simulation. Because the 

temperature range of interest is above 100°C, cl values for T>T 
8 

were used. V of PMMA was also chosen to be the value when T>T . ck 8 
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and If for PMMA. were taken from the literature . o^ for CPE16 was 

evaluated from the densities observed at two temperatures and has an 

accuracy of£0.15x10"4/K. Y of CPE is not available in the literature, 

it was arbitrarily set as 10 atm/K. This parameter has little 

influence on the simulation. For example, when t changes from 8 to 

14 atm/K (a range which covers most polymers), the phase boundary 

only changes 2°C. The value of S^/S2 the oligomeric analogue was 

also used for high molecular systems. X^^ was chosen as -30 atm, the 

value required to fit ̂ H^ values of the oligomeric analogue with the 

same chlorine content as CPE16. w a s similarly chosen to be 

-0.095 atm/K. It was found that the LCST so calculated for PMMA1.4/ 

CPE16 was 10°C, which was low compared to the experimental 

observation. Both X ^ and have a large effect on the results. 

Since ^ is an empirical parameter we adjust to fit the 

experimental phase boundary. When Q^=~0.06 atm/K a satisfactory 

result is obtained. Considering that both X ^ and y have 

molecular weight dependence, the adjustment of Q ^ acceptable. 

Another reason for accepting a less negative value in high 

polymer mixtures is that the values of ^ r o m oligomeric analogues 

may be small because Mn was used for simulation of the phase 

boundary. If M^ values were used the Q ^ values would be larger, 

and the value extrapolated to high chlorine content would also be 

higher. 
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Table 14 Parameters of PMMA./CPE16 blends 

M w d,g/ml 

30°C 

aL 

X104/K 
Y 

atm/K 

s/s 2 X12 
atm 

Q12 

atm/K 

CPE16 1.98x1 1.400 5.45 10.00 0.94 -30 -0.06 

PMMA * 1.200 5.74 11.56 

* M of PMMA samples are 1.44x104, 4.88x104, 8.38x104, 1.40x105 w 
and 2.64x10"* for PMMA 17,16,1.4,F6 and F5, respectively. 

The phase boundary simulated for high molecular weight polymer 

mixtures is flat bottomed. The measurement of the LCST of the polymer 

mixture must therefore be done with great care, considering the 

inherent difficulty arising from the kinetic influence on phase 

separation in the system. In our experiment two polymers with high 

glass transition temperatures were studied, the phase separation 
3 0 

thus proceeded slowly and gave only small phase sizes (about^10 A 

by TEM). The method for phase boundary measurement is DTA, which is 

not an accurate method for T measurements. For these two reasons the S 

error in our phase boundary measurement is + 10°C, which is not 

accurate enough to locate the position of an LCST. 

It was found that the calculated molecular weight dependence 

of the phase boundary confirmed the experimental observation. For 

example, when the molecular weight of PMMA increased from 1.44x104 
5 o to 2.64x10 , the LCST decreased by about 50 C, while the simulated 

spinodal decreased about 30°C. Compared to the large molecular 

weight dependence predicted by McMaster^, where X12=0 and 

were assumed, the improvement is apparent. From Eq.84 for the 

spinodal we can see that in our system X ^ and counterbalance 

each other and suppress the combinatorial entropy term. Since they 

are less molecular weight dependent than the combinatorial entropy 
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term, and we effectively ignored any possible molecular weight 

dependence in our discussion, the resultant phase boundary has less 

dependence on molecular weights. 

c) Volume changes on mixing 

The volume change of mixing was calculated using Eq.117« The 

theoretical ̂ Vm/V° is very small for PMMA/CPE16 blends. The maximum 
o —5 value of AV /v is around 6x 10~J at weight fraction 0.5. This is in m 

-4 
agreement with the density measurement. To an accuracy of 5̂ :10 the 

specific volume was found tobe a linear function of concentration. 

Therefore AV
m/V° must be smaller than 5x10 showing that a very 

weak interaction exists in the mixture. The experimental results for 

the specific volume of polyblends are shown in Figure 44• 

5.2.3. Blends of PMMA with other CPE samples 

a) Solvent cast PMMA/CPE17 (49-8% Cl) films are transparent 

except for those with M of PMMA>1x10^ at weight fraction 0.5. The w 
phase boundaries determined by DTA are shown in Figure 45* Dynamic 

mechanical measurements show that a single composition dependent T 8 but the loss peaks are broad and possibly even composed of two 

adjacent peaks. It is possible that this system is homogeneous at 
~z o 0 

large scale (>10*̂  A) but heterogeneous at small scale (^100 A). 

Figure 46 shows the tanS(T) values of PMMA/CPE 1 f• Sample 243 

with low molecular weight PMMA (M = 1 4 4 0 0 ) is transparent, but the w 
loss curve is already composed of two peaks. Sample with higher 

molecular weights are turbid, the loss peaks are quite broad. 

Figure 47 shows the tan^(T) value of PMMA1.4 (Mw=83800)/CPE17 

over the complete concentration range. We can see that the loss 

peaks are quite broad at high concentration of PMMA. A plot of T 8 against weight fraction of CPE is also given which shows a linear 
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relationship except at the middle point (wPT)T? =0.4828) where phase 

separation may occur in the sample. The sample was turbid at this 

concentration• 

Figure 48 shows that when the same blends as in Figure 47 were 

heated at 200°C for 15 min, all the samples phase separated. 

b) Blends of PMMA with all other CPE samples of low chlorine 

contents were incompatible as the films were turbid and two tan£ 

peaks appeared in dynamic mechanical measurements. 

Figure 49 shows tan^(T) of PMMA/CPE? (48.0% Cl). Samples cast 

from THF, MEK and chlorobenzene all showed two phases. 

Figure 50 shows tani(T) of FMMA/CPE15 (44.7% Cl). Samples were 

moulded after coprecipitation or cast from THF solution. Both show 

two phases. 

c) One particular system, PMMA/CPE2 (27.4% Cl), shows a 

transparent gap between 65 and 90°c by light scattering turbidity 

and an intermediate loss peak by both the dynamic mechanical and 

dielectric measurements. The system was thought to be compatible in 
99 100 that temperature range but it was later shov/n to be incompatible . 

Figure 51 shows the turbid and transparent regions measured 

on PMMA/CPE2. The film is turbid at room temperature. When heating 

up the film becomes clear and then turbid again. There is a temperature 

gap between the two turbid regions. 

Figure 52 shows tan£(T) of PMMA/CPE2. The samples are moulded 

coprecipitates. For the blend with 15«1 wt% CPE2 (curve 1) only the 

loss peak of PMMA at 155°C can be seen, for the blend with 25.0 wt% 

CPE2 (curve 2) there is a new peak at 60°C, while for high content 

of CPE2 sample(curve 3) a peak at -10°C appears which is the loss 

peak of CPE2. 
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Figure 53 shows the dielectric tan£(T) of PMMA/CPE2 blends 

at an oscillation frequency 1.01 KHz. The peak at 80°C has been 

identified as the (I transition of PMMA, the T transition was higher 

than 180°C, the peak at 133°G could be considered as a new peak. 

When the content of CPE2 was greater than 15-1% a rise in the 

dissipation curve appeared at 90°C, which was believed to be a 

result of dipole polarization in the polymers. 

The reasons for considering the system to be incompatible are: 

1) The "phase boundary" by light scattering has no molecular 

weight dependence even when the M^ of PMMA is as low as 1.44x104. 

2) The film changes it's transparency with temperature with a 

very high speed, faster than even for a PBA/CPE film, which is known 

as having a fast phase separation process. 

3) The refractive index of oligomers (Figure 10) shows that the 

transparent gap by light scattering could be a result of similar 

refractive index and different temperature coefficient of refractive 

index of the two polymers. 

4) The heat of mixing of oligomeric analogues suggests that 

compatibility can only be found with high chlorine content CPE and it 

is difficult to understand how compatibility can only occur at 27»4% 

chlorination (CPE2) and 51*6% chlorination (CPE16) but not between. 

The results of dynamic mechanical and dielectric measurements 

still however remain unexplained. The intermediate peak in the 

mechanical experiment is unlikely to be due to a one-phase T^ because 

the temperature of the peak 

(60 C) is far below the value expected 

by additivity (103°C). This peak could be a result of a cooperative 

motion of the fj transition in PMMA and the melting process of local 1 01 crystallinity in CPE2. The literature reported a (3 transition of 
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PMMA a t 50°C a n d o u r DTA s h o w s t h a t C P E 2 h a s a m e l t i n g p o i n t a t 

4 0 ° C ( F i g u r e 1 7 ) . A s i m i l a r p h e n o m e n o n may a l s o o c c u r i n t h e 

d i e l e c t r i c m e a s u r e m e n t s . 

5 . 3 . The P B A / C P E s y s t e m 

5 . 3 » 1 • The m i s c i b i l i t y o f p o l y m e r s 

P B A / C P E 2 0 a n d P B A / C P E 1 7 w e r e f o u n d t o be m i s c i b l e . T h i s wa s 

v e r i f i e d b y d y n a m i c m e c h a n i c a l m e a s u r e m e n t s . F i g u r e 54 s h o w s s i n g l e 

s h a r p c o m p o s i t i o n - d e p e n d e n t l o s s p e a k s f o r t h e P B A / C P E 2 0 b l e n d s . The 

s a m p l e s w i t h w e i g h t f r a c t i o n o f C P E i n t h e b l e n d s s m a l l e r t h a n 0 . 5 

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

m e a s u r e d . A p l o t o f T a g a i n s t t h e w e i g h t f r a c t i o n o f C P E shov/s t h a t 
8 

t h e m e a s u r e d T i s f a r a b o v e t h e l i n e a r r e l a t i o n s h i p . T h i s i n d i c a t e s 
8 

t h a t t h e r e a r e s t r o n g i n t e r a c t i o n s i n t h e b l e n d s . P B A / C P E 3 f i l m s 

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

s a m p l e s w e r e p h a s e s e p a r a t e d . 

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

s h o w n i n F i g u r e 5 5 * The p h a s e b o u n d a r i e s w e r e o b t a i n e d w i t h 

r e p r o d u c i b i l i t y o f i 3 ° C * W i t h i n c r e a s i n g t h e c h l o r i n e c o n t e n t i n 

C P E t h e p h a s e b o u n d a r y m o v e s t o w a r d s t h e h i g h e r t e m p e r a t u r e s . 

F i g u r e 56 s h o w s t h e r e s u l t s f o r t h e h e a t o f m i x i n g . I n t h e 
5 

e x p e r i m e n t a s a m p l e o f PBA w i t h m o l e c u l a r w e i g h t s M = 1 . 1 9 x 1 0 , 

M n = 3 « 9 0 x 1 0 4 ( r e l a t i v e t o p o l y s t y r e n e s t a n d a r d s ) w a s m i x e d w i t h 

c e r e c l o r 4 5 a n d c e r e c l o r 5 2 i n v a r i o u s p r o p o r t i o n s . A l a r g e n e g a t i v e 

h e a t o f m i x i n g w a s o b s e r v e d . We c a n n o t , h o w e v e r , s a y t h a t t h e 

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

t h e i r o l i g o m e r i c a n a l o g u e s i s n e g a t i v e . F o r e x a m p l e , t h e h e a t o f 

m i x i n g o f P B A w i t h c e r e c l o r 4 5 ( 4 5 . 7 % C l ) i s e x o t h e r m i c b u t t h e 

c o r r e s p o n d i n g p o l y m e r p a i r P B A / C P E 3 ( 4 8 . 0 % C l ) i s i n c o m p a t i b l e . 
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5 . 3 - 2 . S i m u l a t i o n o f t h e p h a s e b o u n d a r i e s 

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

F l o r y e q u a t i o n o f s t a t e t h e o r y was a t t e m p t e d f o r t h e s y s t e m s , 

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

m i x i n g A H ^ w a s u s e d t o e v a l u a t e "the i n t e r a c t i o n e n e r g y p a r a m e t e r 

i n t h e t h e o r y u s i n g E q . 8 0 . T h e p a r a m e t e r s u s e d i n t h e c a l c u l a t i o n 

a r e l i s t e d i n T a b l e 15« W i t h d , o * , Y a n d s ^ / s 2 f i x e d , a v a l u e f o r 

c a n be s e l e c t e d t o o b t a i n a b e s t f i t o f t h e A H c u r v e . I n T a b l e 1 5 , 
12 m * 
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t h e d , ck a n d Y f o r PBA we re o b t a i n e d f r o m V a n K r e v l i n , t h e 

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

f r o m t h e d e n s i t i e s o f two t e m p e r a t u r e s ( 4 5° a n d 7 0 ° C ) a n d Y was 

a r b i t r a r i l y s e t a s 10 a t m / K . The v a l u e o f Y i s d i f f i c u l t t o m e a s u r e , 

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

i n s t a n c e , c a l c u l a t i o n s h o w s when Y o f c e r e c l o r o r C P E c h a n g e s f r o m 

10 t o 2 0 a t m / K A H ^ o n l y c h a n g e s b y 0 . 7 % a n d t h e p h a s e b o u n d a r y h a s 

a n e g l i g i b l e c h a n g e . T h i s r a n g e o f Y c o v e r s m o s t o f p o l y m e r i c c -1 
m a t e r i a l s . s 1 / s _ wa s e v a l u a t e d b y B o n d i ' s t e c h n i q u e . 

T a b l e 15 P a r a m e t e r s f o r c a l c u l a t i o n a t 70°C 

M r e l a t i v e 
w 

t o p o l y s t y r e n e 

d 

g / m l 

c* 

X104/K 

Y 

a tm/K 

V S 2 X12 

a t m 

Q1 2 

a tm/K 

PBA 119000 1 .050 5.47 15.36 

cereclor52 
* 

437 1 .228 6.85 10.00 0.97 -110 

cereclor45 395 1 .132 6.48 10.00 0.98 - 75 

CPE 20 242000 1 .458 4.57 10.00 O.96 -152 -0.305 

CPE17 182000 1 .333 5.66 10.00 0.98 - 94 -0.235 

* M b y V P O . 

V a l u e s f o r o f - 1 1 0 a n d - 7 5 a t m f o r P B A / c e r e c l o r 5 2 a n d 

P B A / c e r e c l o r 4 5 , r e s p e c t i v e l y , w e r e e v a l u a t e d f r o m 4 H . I f i t i s 
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a s s u m e d t h a t X ^ h a s a l i n e a r d e p e n d e n c e o n t h e c h l o r i n e c o n t e n t 

a s f o u n d i n t h e 0MMA/C0D s y s t e m ( F i g u r e 3 4 ) a n d t h e m o l e c u l a r w e i g h t 

d e p e n d e n c e o f X ^ c a n be n e g l e c t e d , X ^ v a l u e s o f - 1 5 2 a n d - 9 4 a tm 

w o u l d be f o u n d f o r P B A / C P E 2 0 a n d P B A / C P E 1 7 , r e s p e c t i v e l y . We 

a d j u s t e d Q ^ * i n ^ e r a c t i o n e n t r o p y p a r a m e t e r , t o c o u n t e r b a l a n c e 

X.^2 c a l c u l a t i n g t h e s p i n o d a l s . F i g u r e 57 s h o w s t h e X ^ a n d 

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

E q . 8 4 i s t h e e q u a t i o n f o r t h e s p i n o d a l . The t h e o r t i c a l c u r v e s 

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

b o u n d a r i e s i n F i g u r e 55 f o r c o m p a r i s o n . I t c a n b e s e e n t h a t f o r t h e 

two s y s t e m s t h e e x p e r i m e n t a l p h a s e b o u n d a r i e s a r e f a r a b o v e t he 

c a l c u l a t e d c u r v e s when t h e w e i g h t f r a c t i o n s o f C P E a r e l o w e r t h a n 0 . 5 . 

/ I s o t h e two t h e o r e t i c a l s p i n o d a l s seem t o b e t o o f l a t b o t t o m e d . 

T h e r e may b e two r e a s o n s f o r t h i s : 

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

a p p e a r s i n s t r o n g l y i n t e r a c t i n g s y s t e m s ( t h i s p h e n o m e n o n was 

d i s c u s s e d i n s e c t i o n 5 * 2 . 1 . ) . 

b ) I n c h o o s i n g t h e f o r o l i g o m e r s f o r t h e p o l y m e r s , we 

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

1 0 3 

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

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

h a v e s m a l l e r n e g a t i v e v a l u e s , Q ^ w i l l a l s o h a v e s m a l l e r n e g a t i v e 

v a l u e s . The s p i n o d a l a s i m u l a t e d w i l l t h e n h a v e a mo re s e n s i t i v e 

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

s e c t i o n 2 . 6 , w h e r e c a l c u l a t i o n s w e r e c a r r i e d o u t f o r a n d 

Q 1 2 = 0 , t h e s p i n o d a l s t h e n h a d a s h a r p c u r v a t u r e w i t h t e m p e r a t u r e . 

T h e i n t e r a c t i o n p a r a m e t e r ft o f t h e F l o r y - H u g g i n s t h e o r y c a n 

b e e x p r e s s e d a s i n E q . 1 3 1 . F i g u r e 5 8 s h o w s t h e r e s u l t s c a l c u l a t e d 
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f r o m E q . 1 3 1 a t 7 0 ° C . I t c a n be s e e n t h a t P B A / C P E 2 0 I s a s t a b l e 

h o m o g e n e o u s b l e n d a t t h i s t e m p e r a t u r e a s ft h a s a l a r g e n e g a t i v e v a l u e . 

F o r P B A / C P E 1 7 a s m a l l p o s i t i v e ft i s o b t a i n e d a s t h e b l e n d r e a c h e s 

t h e c r i t i c a l s t a t e a t t h i s t e m p e r a t u r e . The c r i t i c a l v a l u e c a n 

b e c a l c u l a t e d f r o m E q . 4 3 * 

> c / v * = ( 1 / 2 ) [ i /tf f J 2 * i o ~ 4 2 2 0 ; 

The c a l c u l a t i o n s h o w s t h a t t h e e m p i r i c a l p a r a m e t e r Q , ^ p l a y s 

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

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

o f ft . F o r e x a m p l e , i n t h e P B A / C P E 1 7 b l e n d m u s t c o u n t e r b a l a n c e 

X 1 2 i n t h e t e r m ( X ^ - T Q ^ ^ ' ) ( s e e E q . 1 3 1 J i n o r d e r t o make ^ r e a c h 

t h e c r i t i c a l v a l u e . 

5 . 4 . The C P E / C P E s y s t e m 

5 » 4 » 1 • C o m p a t i b i l i t y among C P E s a m p l e s h a v i n g d i f f e r e n t c h l o r i n e 

c o n t e n t s 

C o m p a t i b i l i t y b e t w e e n d i f f e r e n t C P E s a m p l e s w a s d e t e r m i n e d 

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

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

t r a n s l u c e n t f i l m s w e r e t a k e n a s i n c o m p a t i b l e . O u t o f 78 p o s s i b l e 

p a i r s 55 p a i r s o f C P E w e r e o b s e r v e d a t r o o m t e m p e r a t u r e . The r e s u l t s 

a r e s h o w n i n F i g u r e 5 9 * w h e r e 11 + " mean s t h e p a i r i s i m m i s c i b l e 

w h i l e " - " i s m i s c i b l e . The p h a s e b o u n d a r i e s f o r t h e s e b l e n d s w e r e 

n o t d e t e r m i n e d . 

F i g u r e 59 c a n be d e v i d e d i n t o 4 r e g i o n s . A i s a " p o l a r p l a s t i c " 

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

s i m i l a r i t y o f t h e i r e q u a t i o n o f s t a t e p r o p e r t i e s . B i s a " r u b b e r " 

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

h a v e s i m i l a r e q u a t i o n o f s t a t e p a r a m e t e r s . I n r e g i o n C t h e " p o l a r 
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p l a s t i c s " do n o t m i x w i t h t h e c o r r e s p o n d i n g " r u b b e r " c o m p o n e n t s . 

The D r e g i o n i s a l s o a " r u b b e r " r e g i o n ( c f . 13), b u t t h e p o l y m e r s 

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

e q u a t i o n o f s t a t e p r o p e r t i e s . The C P E o f v e r y l o w c h l o r i n e c o n t e n t , 

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

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

T r a n s p a r e n t f i l m s o f C P E / C P a 2 0 / 1 8 , 2 0 / 1 5 , 2 0 / 1 9 , 1 8 / 1 9 a n d 1 5 / 1 9 

b l e n d s ( i n r e g i o n A ) a t 0 . 5 w e i g h t f r a c t i o n w e r e m e a s u r e d b y d y n a m i c 

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

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

f o r C P E 2 0 ( 6 2 . 1 % C l ) / C P E 1 9 ( 4 4 . 1 % C l ) b l e n d s a s s h o w n i n F i g u r e 6 0 , 

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

t h e two p u r e c o m p o n e n t s i n r e g i o n A o f F i g u r e 59• The f a c t t h a t t h e 

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

t h a t t h e r e a r e no s p e c i f i c i n t e r a c t i o n s i n t h e s y s t e m . The f i l m s i n 

r e g i o n B w e r e n o t m e a s u r e d b e c a u s e t h e i r T ^ t e m p e r a t u r e s a r e t o o 

c l o s e t o e a c h o t h e r . 

5 . 4 . 2 . T h e i n t e r a c t i o n e n e r g y p a r a m e t e r X ^ 

H e a t s o f m i x i n g o f t h e v a r i o u s C O D ' s w e r e m e a s u r e d a t w e i g h t 

f r a c t i o n 0 . 5 a s s h o w n i n F i g u r e 61 a n d o n e s y s t e m w a s m e a s u r e d o v e r 

t h e c o m p l e t e c o n c e n t r a t i o n r a n g e a s s h o w n i n F i g u r e 6 2 . A n e n d o t h e r m i c 

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

X.J2 c a n b e e v a l u a t e d f r o m E q . 8 0 a n d o n e o f t h e s i m u l a t e d c u r v e s 

i s s h o w n i n F i g u r e 6 2 f o r t h e COD3/COD5 s y s t e m . F o r o t h e r m i x t u r e s 

X „ „ wa s e s t i m a t e d f r o m t h e v a l u e s o f ^ H a t 0 . 5 w e i g h t f r a c t i o n . The 
12 m 

X.J2 v a l u e s a r e p o s i t i v e . T h e y a r e p l o t t e d a s a f u n c t i o n o f t h e 

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

s h o w n i n F i g u r e 6 3 . T h e c u r v e h a s a s h a p e s i m i l a r t o t h e ( £ . , - £ « ) 
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f u n c t i o n , w h i c h i s c h a r a c t e r i s t i c f o r m i x t u r e s i n w h i c h t h e 

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

o f p o l y m e r i . 

Some o f t h e p a r a m e t e r s f o 4 - t h e C O D ' s u s e d i n t h e c a l c u l a t i o n 

a r e s e e n i n T a b l e 4 * T h e t h e r m a l p r e s s u r e c o e f f i c i e n t s , Y , w e r e s e t 

a s 1 0 a t m / K , t h i s p a r a m e t e r had l i t t l e i n f l u e n c e o n t h e f i n a l r e s u l t s . 

51 

s ^ / s ^ v a l u e s w e r e c a l c u l a t e d f r o m B o n d i ' s t e c h n i q u e , t h e y r a n f r o m 

0 . 9 7 t o 1 . 0 ? a c c o r d i n g 1 t o t h e d i f f e r e n c e i n c h l o r i n e c o n t e n t s o f 

t h e m i x e d o l i g o m e r s . 

5 . 4 . 3 . T h e t h e r m o d y n a m i c m i x i n g f u n c t i o n s 

T h e f r e e e n e r g i e s o f m i x i n g , h e a t s o f m i x i n g a n d e n t r o p i e s o f 

m i x i n g w e r e c a l c u l a t e d f o r t h e C P E / C P E m i x t u r e s f r o m E a s . 8 2 , 8 0 a n d 

81 a t ? 5 ° G . The r e s u l t s f o r 2 0 p o l y m e r p a i r s a r e s h o w n i n F i g u r e 6 4 . 

Some o f t h e p a r a m e t e r s u s e d i n t h e c a l c u l a t i o n a r e s e e n i n T a b l e 3 -

T h e w e i g h t a v e r a g e m o l e c u l a r w e i g h t s w e r e u s e d . The M f o r C P E 8 a n d 

C P E 1 2 w e r e n o t a v a i l a b l e b e c a u s e t h e y w o u l d n o t d i s s o l v e i n THF f o r 5 
GPC m e a s u r e m e n t s . M w a s s e t a s 1 x 1 0 i n b o t h c a s e s . I t i s a p p a r e n t 

w 

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

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

g l a s s a t h i g h c h l o r i n e c o n t e n t , a s s h o w n i n F i g u r e 6 5 . T h e t h e r m a l 

p r e s s u r e c o e f f i c i e n t s , Y , w e r e s e t a s 1 0 a t m / K . I t w a s f o u n d t h a t t h e 

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

cK v a l u e s o f C P E . T h e l a r g e r t h i s d i f f e r e n c e , t h e g r e a t e r i n f l u e n c e 

o f Y o n t h e t h e r m o d y n a m i c m i x i n g f u n c t i o n s . C a l c u l a t i o n f o r t h e c a s e s 

w h e r e y = > £ = 1 0 a t m / K , o r Y = 2 0 a tm/K w h i l e Y 2 = 1 0 a t m / K , o r Y 2 = 2 0 

a t m / K s h o w e d t h a t 4 G c o u l d i n c r e a s e 5 0 % w i t h i n c r e a s e o f Y f o r t h e 
m 

p a i r s i n w h i c h ot^cs2o^ o r F o r m o s t o f c o m p a t i b l e p a i r s s u c h 

a s C P E / C P E 1 5 / 1 9 , 3 / 1 8 , 3 / 1 9 , 3/2 a n d 2 0 / 1 7 4 G m h a d a l m o s t n o c h a n g e 
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w i t h s u c h a n i n c r e a s e o f Y . One c a n c o n f i d e n t l y s a y t h a t t h e Y v a l u e s 

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

d i s c u s s i o n , a n d t h a t t h e s e Y v a l u e s c o v e r m o s t p o l y m e r s . X ^ v a l u e s 

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

two p o l y m e r s f r o m F i g u r e 63« i s m o l e c u l a r w e i g h t d e p e n d e n t . A s 
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r e p o r t e d b y F l o r y , X ^ d e c r e a s e s w i t h m o l e c u l a r w e i g h t f o r t h e 

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

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

c a s e o f a s w e l l a s X ^ ^ O f o r c o m p a r i s o n , a s w i l l be d i s c u s s e d 51 

l a t e r , s ^ / s ^ v a l u e s w e r e e v a l u a t e d b y E o n d i ' s t e c h n i q u e , t h e y r a n 

f r o m 0 . 9 7 "to 1 . 0 0 a c c o r d i n g t o t h e d i f f e r e n c e s o f t h e c h l o r i n e 

c o n t e n t s o f t h e two p o l y m e r s . 

I t c a n be s e e n f r o m F i g u r e 64 t h a t t h e A G m v a l u e s a r e p o s i t i v e 

f o r a l l t h e 2 0 p o l y m e r p a i r s . T h e s p i n o d a l s ( E q . 8 4 ) h a v e a l s o b e e n 

c a l c u l a t e d a n d s h o w t h a t t h e p o l y m e r p a i r s a r e i m m i s c i b l e a t 25°C . 

T h u s , i f we a s s u m e t h a t t h e X ^ o l i g o m e r s c a n be u s e d f o r p o l y m e r s , 

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

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

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

T h e s i t u a t i o n f o r X ^ - O h a s b e e n c a l c u l a t e d f o r c o m p a r i s o n . The 

r e s u l t s a r e n o t much i m p r o v e d : o u t o f 7 c o m p a t i b l e p o l y m e r p a i r s 

o n l y 2 p a i r s ( C P E / C P E 15/19 a n d 20/17) h a v e a n e g a t i v e A G m » a n d t h e 

t h i r d p a i r ( C P E / C P E 3 / 1 8 ) h a s a n e a r l y z e r o 4 G m « A l l t h e r e s t s t i l l 

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

t h e s e r e s u l t s . A s c a n be s e e n i n F i g u r e 6 4 , i s n o t i m p o r t a n t 

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

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

d e t e r m i n e s t h e p o s i t i v e ^ G ^ . The c a l c u l a t i o n u s i n g ^ £ = 0 d o e s n o t 

c h a n g e t h e A G ^ v a l u e s o f t h e s e s y s t e m s v e r y much . 

A n a n a l y s i s o f some c o m p a t i b l e a n d i n c o m p a t i b l e p a i r s may be 

i n t e r e s t i n g : 

a ) C P E 2 0 / C P E 1 9 

T h i s c o m p a t i b l e p a i r i s i n r e g i o n A . B e c a u s e t he c h l o r i n e 

d i f f e r e n c e r e a c h e s 18 w t% , t h e ^ H ^ i s r e l a t i v e l y l a r g e ( + 0 . 5 1 9 J / s ) » 

O w i n g t o t h e d i f f e r e n c e i n t h e i r t h e r m a l e x p a n s i o n c o e f f i c i e n t , - T ^ S ^ 

i s p o s i t i v e ( + 0 . 2 7 6 J / g ) . Hence t h e ^ IG^ o f t h e p a i r i s + O . 7 9 5 J / g . 

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

b ) C P E 4 / C P E 2 

T h i s c o m p a t i b l e p a i r i s i n r e g i o n B . T h e i r c h l o r i n e c o n t e n t s 

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

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

e x p a n s i o n c o e f f i c i e n t s makes ^ H ^ s m a l l a n d n e g a t i v e ( - 0 . 1 0 8 J / g ) . 

H o w e v e r , t h i s d i f f e r e n c e makes a l a r g e p o s i t i v e - T 4 S ( + 0 . 7 6 1 J / g ) . 

The r e s u l t a n t ^ G ^ ( + 0 . 6 5 3 J / g ) i s s t i l l u n f a v o u r a b l e f o r m i x i n g . 

c ) C P E / C P E 1 5 / 1 a n d 3/1 

T h e s e two p a i r s a r e i n c o m p a t i b l e i n r e g i o n C . The i m m i s c i b i l i t y 

comes f r o m t h e d i s p a r i t y o f two p o l y m e r s : CPE3 a n d C P E 1 5 a r e g l a s s y 

w h e r e a s CPE1 i s a r u b b e r . The two p a i r s h a v e s i m i l a r c h l o r i n e 

c o n t e n t s a n d t h e 4 H a r e n e a r l y z e r o i n b o t h c a s e s . 
m J 

d ) C P E / C P E 1 2 / 8 , 4 / 1 2 a n d 4 / 8 

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

t h i s r e g i o n a r e r u b b e r s . The c h l o r i n e c o n t e n t r a n g e i n t h i s r e g i o n 

i s q u i t e s i m i l a r t o r e g i o n A . Hence t h e p o l y m e r p a i r s a r e e x p e c t e d 

t o be m i s c i b l e . The i m m i s c i b i l i t y a r i s e s f r o m a m o d e r a t e d i f f e r e n c e 
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i n t h e t h e r m a l e x p a n s i o n c o e f f i c i e n t s . I n C P E 1 2 / C P E 8 m i x t u r e s t h e 

c h l o r i n e c o n t e n t d i f f e r e n c e i s s o s m a l l t h a t A H ^ I s - 0 . 0 1 5 J / g . 

W i t h o l /<* =1 . 2 7 , t h i s l e a d s t o - T A S m = + 0 . 2 5 2 j / g . A s m a l l p o s i t i v e 

A G ^ ( + 0 . 2 3 7 J / g ) r e s u l t s i n i n c o m p a t i b i l i t y f o r t h e p a i r . W i t h 

i n c r e a s i n g d i f f e r e n c e o f c h l o r i n e c o n t e n t , t he u n f a v o u r a b l e A H ^ 

i n c r e a s e s a n d r e a c h e s e q u a l m a g n i t u d e a s - T A S m i n t h e C P E 4 / C P E 1 2 

m i x t u r e s . C P E 4 / C P E 8 i s a n i n t e r e s t i n g m i x t u r e , b e c a u s e t h e p o l y m e r s 

h a v e n e a r l y e q u a l t h e r m a l e x p a n s i o n c o e f f i c i e n t s , - T A S ^ i s n e g a t i v e 

( - 0 . 1 7 6 J / g ) , b u t t h e m o d e r a t e d i s p e r s i o n f o r c e s g i v e a ^ H ^ o f + O . 8 O 3 

J / g . The r e s u l t a n t 4 G m ( + 0 . 6 2 7 J / g ) l e a d s t o i n c o m p a t i b i l i t y o f t h e 

p a i r . 

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

A G ^ i n F i g u r e 6 4 . A b o v e t h e l i n e t he p o l y m e r p a i r s a r e i m m i s c i b l e , 

o t h e r w i s e t h e p o s s i b i l i t y e x i s t s t h a t t h e s e p a i r s a r e m i s c i b l e . 

C o n s i d e r i n g t h a t s h o u l d be s m a l l e r t h a n t h a t f o r o l i g o m e r s , 

t h e s l o p e o f t h e l i n e may be s m a l l e r . The l i n e r e p r e s e n t s t h e 

i n e f f i c i e n c y o f t h e t h e o r y ( w i t h o u t Q . ^ ) * ^ c a n n 0 " t g e n e r a t e a 

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

One way t o r emedy t h i s i n e f f i c i e n c y w i t h i n t h e s c o p e o f t h e o r y 

i s b y i n t r o d u c i n g t h e e m p i r i c a l p a r a m e t e r Q ^ * ^ 1 2 e x P e c " t e d "to 

be p o s i t i v e a n d p r o p o r t i o n a l t o t h e d i f f e r e n c e i n t h e c h l o r i n e 

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

5 . 5 . The PEGM/PPGM s y s t e m 

5 . 5 * 1 * H e a t s o f m i x i n g a n d p h a s e b o u n d a r i e s 

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

g i v e a U C S T b e h a v i o u r . I n t h i s wo r k we f i r s t c a l c u l a t e t h e t h e o r e t i c a l 

A H ^ a n d t h e p h a s e b o u n d a r y . The p a r a m e t e r s u s e d f o r t h e c a l c u l a t i o n 

18 50 
a r e q u o t e d f r o m r e f e r e n c e s ' a n d l i s t e d i n T a b l e 1 6 . 
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T a b l e 16 P a r a m e t e r s o f PEGM a n d PPGM a t 30°C 

M d oi tf 

g / m l X10 4/K a tm/K 

? 1 2 atm 
1 . 2 . 

Q 1 2 

atm/K 

7° ' s 

3 . 4 . 

PEGM 6 0 0 6 0 0 1 . 0 7 1 8 7 . 8 1 5 . 3 5 

PPGM 4 0 0 4 0 0 0 . 9 5 5 1 8 . 7 9 . 9 7 112 130 - 0 . 0 6 2 2 . 1 1 - 0 . 3 4 -• 0 . 0 4 

1 0 0 0 1 0 0 0 0 . 9 7 7 5 8 . 5 1 0 . 1 7 107 130 O.O79 2 . 1 2 - O . 3 6 -•0.74 

1 5 0 0 1500 0 . 9 8 5 2 8 . 1 5 1 0 . 7 6 106 115 0 . 0 7 3 1 . 8 9 - O . 3 4 -•0.70 

2 0 0 0 2 0 0 0 o . 9 e e i 7 . 8 11 . 3 6 97 105 0 . 0 6 5 1 . 7 3 - 0 . 3 3 -O.64 

S l / S 2 = 1 . 0 8 

* 1 . f r o m E q . 1 1 4 , 2 . f r o m E q . 8 0 , 3 . f r o m E q . 2 2 5 a n d 4 . f r o m 
Eq . 2 2 5 + t h e 0. 1 2 t e r m 

was f i r s t l y e v a l u a t e d b y E o . 1 1 4 and A H was s i m u l a t e d by 
12 J J m 17 

E q . 8 0 u s i n g t h e X ^ v a l u e s o b t a i n e d . I t e a s f o u n d t h a t t h e X ^ v a l u e s 

c a l c u l a t e d f r o m Eq.11/] were s m a l l . T h u s X ^ 2 v/as r e c a l c u l a t e d by f i t t i n g 

t h e A H c u r v e o v e r t h e w h o l e r a n g e o f c o n c e n t r a t i o n ( E q . 8 0 ) . The 

new v a l u e s a r e a b o u t 10 % l a r g e r . The c a l c u l a t i o n s we re c a r r i e d 

o u t f o r 4 H m a t 30°, 50°, and 70°C a s shown i n F i g u r e s 6 6 - 6 8 . The X ^ 2 

v a l u e s s o e v a l u a t e d i n c l u d i n g t h o s e a t 30°C a r e l i s t e d i n T a b l e 17 * 

T a b l e 17 X 1 2 v a l u e s 

X 1 2 ( a t m ) o f PEGM600/PPGM1000 PEGM600/PPGM1500 PEGM600/PPGM2000 

30°C 130 115 105 

50°C 115 105 95 

70°c 80 75 70 

A G ^ was t h e n c a l c u l a t e d f r o m E q . 8 2 w i t h a n d r e s u l " t s 

a r e s h o w n i n F i g u r e s 6 9 - 7 1 • T h i s p r e d i c t e d t h a t a l l t h e o l i g o m e r 

p a i r s w e r e i m m i s c i b l e a t 30 a n d 50°C e x c e p t t h e PEGM6OO/PPGM4OO p a i r , 

a l t h o u g h a l l t h e A G ^ v a l u e s a r e n e g a t i v e . I n o r d e r t o make t he p h a s e 

b o u n d a r i e s c a l c u l a t e d f i t t h e e x p e r i m e n t a l m e a s u r e m e n t s t h e 
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i n t e r a c t i o n e n t r o p y p a r a m e t e r Q ^ 2 was i n t r o d u c e d a s i n t h e p r e v i o u s 

s e c t i o n s , V i t h t h e v a l u e s o f Q ^ 2 i n T a b l e 16 t h e c a l c u l a t e d p h a s e 

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

e x a m p l e i s s h o w n i n F i g u r e 7 2 . 

5 . 5 . 2 . X 1 2 a n d Q 1 2 

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

1 0 3 

b e t w e e n t h e two c o m p o n e n t s i n t h e m i x t u r e . I n t h e l i t e r a t u r e ^ 2 

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

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

73« P l o t s o f X^ a n d a g a i n s t 1/M, w h e r e M i s t h e m o l e c u l a r w e i g h t 

o f PPGM, s h o w t h a t b o t h X ^ a n d a r e d e c r e a s i n g f u n c t i o n s o f 

m o l e c u l a r w e i g h t when M > 1 0 0 0 ( F i g u r e 7 4 ) . The o b s e r v a t i o n t h a t X . ^ 1 03 
d e p e n d s o n M i s i n a g r e e m e n t w i t h t h e l i t e r a t u r e . C o o p e r a n d 

18 

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

f o r t h e same s y s t e m , w h i c h i s o p p o s i t e t o t h e q u o t e d d a t a e v e n 

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

X ^ 2 i n c r e a s e d w i t h m o l e c u l a r w e i g h t . 

Q 1 2 wa s i n t r o d u c e d f o r c a l c u l a t i n g t h e p h a s e b o u n d a r y . E x c e p t 

i n t h e c a s e o f P E G M 6 0 0 / P P G M 4 0 0 Q was f o u n d t o be p o s i t i v e . F r i d a y , 

31 

C o o p e r a n d B o o t h ^ i n t e r p r e t e d t h e p h a s e b o u n d a r y i n t e r m s o f t h e 

F l o r y - H u g g i n s t h e o r y w i t h J ^ / Q + X J ^ I » w h e r e i s "the v o l u m e f r a c t i o n 

o f P EGM. T h e y f o u n d t h e c r i t i c a l v a l u e t o be a b o u t 0 , 1 a n d ft^ t o 

b e - 0 , 0 2 , i . e . ^ i s a d e c r e a s i n g f u n c t i o n o f t h e c o n c e n t r a t i o n o f 

PEGM. T h i s wa s a t t r i b u t e d t o t h e r a t i o s ^ / s ^ b y t h e a u t h o r s . F r o m 

E q . 1 3 2 t h e same c o n c l u s i o n w o u l d be d r a w n i f t h e c o n t r i b u t i o n o f 

t h e e q u a t i o n o f s t a t e t e r m s i s n e g l i g e a b l e . B u t t h e ft o b t a i n e d 

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

s e p a r a t i o n o c c u r s a t e l e v a t e d t e m p e r a t u r e . O n l y when a p o s i t i v e Q ^ 2 
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i s i n t r o d u c e d c a n t h e s y s t e m be u n d e r s t o o d f r o m b o t h A H ^ a n d p h a s e 

b o u n d a r y m e a s u r e m e n t s . Q^^ i n t r o d u c e d i n t h i s way i s p l a u s i b l e . A 

t h i r d i n d e p e n d e n t e x p e r i m e n t i s n e e d e d t o v e r i f y i t ' s r e l i a b i l i t y . 

5 . 5 . 3 « / o f t h e F l o r y - H u g g i n s t h e o r y 

^ a t w e i g h t f r a c t i o n 0 . 5 was c a l c u l a t e d a s a f u n c t i o n o f 

t e m p e r a t u r e u s i n g E q . 1 3 2 a n d t he r e s u l t s a r e shown i n F i g u r e 7 5 * 

d e c r e a s e s w i t h t e m p e r a t u r e , h e n c e the s y s t e m g i v e s a UCST b e h a v i o u r . 

I t i s s hown t h a t t h e c o n t r i b u t i o n o f t he e q u a t i o n o f s t a t e t e r m s t o 

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

e x c l u d e s t he p o s s i b i l i t y o f f i n d i n g a n LCST a t a n e l e v a t e d 

t e m p e r a t u r e . 

ft c a n a l s o be d i v i d e d i n t o e n t h a l p y and e n t r o p y t e r m s . 

^ V / s 2 2 1 } 

where 

= FRX FT^l1 1 J + W * ) - T ) / T ] + ( V ^ 2 / v ) ( 1 -H*T)02}/RT<t>2 2 2 ? ) 

V ^ h 

= [ p ^ r 3 T 1 l n ( ( v f - 1 ) / ( v 4 - 1 ) ) - ( o i T / v ) ( T r T ) / f ] 

~ K X 1 2 ^ * T e 2 ~ T C * 1 2 V * e 2 / R T < * 2 2 2 3 ^ 

I n d e r i v i n g E q . 2 2 3 , E q . 1 3 1 was u s e d f o r ^C w i t h t h e a s s u m p t i o n t h a t 

P = 0 . The d i f f i c u l t y i n u s i n g E q s . 2 2 2 a n d 2 2 3 i s i n e v a l u a t i o n o f 

t h e e x p a n s i o n coefficient o f t h e m i x t u r e . A n e x a m p l e i s g i v e n 

h e r e f o r PEGM600/PPGM2000 w h e r e b o t h U v a l u e s a r e e q u i v a l e n t . The 

c a l c u l a t i o n s a r e s h o w n i n F i g u r e 7 6 . 

B y a s e r i e s e x p a n s i o n o f E q s . 2 2 ? a n d 2 2 3 w i t h Q , ^ ' 

P ^ ^ R T ) 2 o t 1 T- (A 2o4 1 T / 2 ) [ l + ( 4 ^ T / 3 ) ( 1 T ) ] } +0(<f>2) 2 2 5 ) 

w h e r e 



1 1 2 

A = ( 1 - T * / T * ) ( V * 2 / P * ) - ( s 2 / B 1 ) X 1 ? / P ; 2 2 6 ) 

Y 1 2 = ( S 2 / S 1 ) 2 X 1 2 / P 1 2 2 7 ) 

The l i m i t i n g v a l u e s o f a n d ° a t c a n be c a l c u l a t e d . I t c a n 

be s e e n f r o m T a b l e 16 t h a t f a t Q,. = 0 ( E q . 2 2 5 ) h a s a n e g a t i v e 
' S I c. 

c o n t r i b u t i o n t o ft ( w h i c h i n c r e a s e s c o m p a t i b i l i t y ) , i t ' s m a g n i t u d e 

i s a b o u t 1 5 % o f ^ h » T h u s fts i s n o t n e g l i g i b l e i n t h i s s y s t e m 

a l t h o u g h t h e d i s p a r i t y o f t h e p u r e c o m p o n e n t s i s n o t l a r g e . I f Q ^ ^ 0 

* 2 

i s c o n s i d e r e d a t e r m - Q 1 ^ ( s ^ / s ^ ) /R s h o u l d be i n c l u d e d i n E q . 2 2 5 . 

F r o m T a b l e 16 we c a n s e e t h a t e x c e p t f o r P E G M 6 0 0 / P P G M 4 0 0 b e c o m e s 

more n e g a t i v e a s t h e i n t e r a c t i o n e n t r o p y p a r a m e t e r Q , ^ i s f a v o u r a b l e 

f o r m i x i n g . 
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6 . C O N C L U S I O N S 

T h i s w o r k c o n c e n t r a t e s o n some b a s i c p r o b l e m s i n t h e 

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

o f t h e F l o r y e q u a t i o n o f s t a t e t h e o r y h a s b e e n made , some 

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

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

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

o f t h e I G C b e h a v i o u r o f t w o - p h a s e p o l y b l e n d s h a s b e e n d e v e l o p e d . 

F i n a l l y , t h e m i c r o s t r u e t u r e o f C P E w h i c h h a s b e e n p r e p a r e d b y a 

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

T h e c o n c l u s i o n s a r e : 

6 . 1 . On t h e F l o r y e q u a t i o n o f s t a t e t h e o r y 

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

d e p e n d e n c e o f t h e i n t e r a c t i o n p a r a m e t e r ft when c a l c u l a t e d f r o m t h e 

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

s h o w s t h a t t h e c o v e n t i o n a l e q u a t i o n s ( E q s . 1 3 1 a n d 1 3 3 ) c a n n o t b e u s e d 

c a l c u l a t e t h e i n t e r a c t i o n p a r a m e t e r "J- . 

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

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

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

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

c o m p a t i b i l i t y b e h a v i o u r o f p o l y m e r m i x t u r e s a s M c M a s t e r ' s m o d i f i e d 

t r e a t m e n t . 

6 . 2 . T h e s i m u l a t i o n o f p h a s e b o u n d a r i e s 

The F l o r y e q u a t i o n o f s t a t e t h e o r y h a s b e e n a p p l i e d t o 

s i m u l a t e the p h a s e b o u n d a r i e s o f p o l y m e r m i x t u r e s . The i n t e r a c t i o n 
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e n e r g y p a r a m e t e r s o b t a i n e d f r o m t h e m e a s u r e d A H m o f o l i g o m e r 

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

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

e x p e r i m e n t a l d a t a . 

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

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

o b s e r v a t i o n s . 

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

s u c h a s PMMA/CPE , OMMA/COD a n d P B A / C P E , w h e r e t h e r e a r e t h e s p e c i f i c 

i n t e r a c t i o n s , Q ^ n e g a t i v e w h i c h mean s t h a t some o r d e r e d s t r u c t u r e 

may e x i s t i n t h e m i x t u r e . I n t h e s y s t e m s s u c h a s C P E / C P E a n d PEGM/ 

PPGM, w h e r e t h e d i s p e r s i o n f o r c e s d o m i n a t e , ^ i s p o s i t i v e w h i c h 

i n d i c a t e s t h a t some o r d e r e d s t r u c t u r e may e x i s t i n t h e p u r e c o m p o n e n t s 

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

q u i t e s i m i l a r t o t h a t r e p o r t e d f o r p o l y m e r s o l u t i o n s ^ 4 . The r e p o r t 

h a s s u m m a r i s e d a l l t h e d a t a i n t h e l i t e r a t u r e . 

F u r t h e r i m p r o v e m e n t c a n be made b y c o n s i d e r i n g t h e m o l e c u l a r 

w e i g h t a n d t e m p e r a t u r e d e p e n d e n c e s o f X ^ a n d Q ^ i n t h e c a l c u l a t i o n . 

S u c h d e p e n d e n c e s h a v e b e e n f o u n d i n PEGM/PPGM m i x t u r e s . 

The r e s u l t s s h o w t h a t s i m u l a t i o n o f a p o l y m e r m i x t u r e b y 

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

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

6 . 3 « The o r i g i n s o f p o l y m e r c o m p a t i b i l i t y 

I n v e s t i g a t i o n o f t h e e f f e c t o f c h l o r i n e c o n t e n t o n t h e h e a t s 

o f m i x i n g o f OMMA/COD s h o w s t h a t t h e r e a r e two k i n d s o f i n t e r a c t i o n s 

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

PMMA/CPE a n d PBA/CPE s y s t e m s o n l y when c h l o r i n e c o n t e n t r e a c h e s a 

c e r t a i n l i m i t , w h e r e t h e s p e c i f i c i n t e r a c t i o n s d o m i n a t e i n t h e 
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m i x t u r e , i s c o m p a t i b i l i t y p o s s i b l e . I n t h e C P E / C P E s y s t e m w h e r e 

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

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

o f t h e p u r e c o m p o n e n t s . 

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

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

n o t a l w a y s t r u e . P B A / c e r e c l o r 4 5 ( 4 5 . 7 % C l ) h a s a n e g a t i v e h e a t o f 

m i x i n g w h e r e a s t h e c o r r e s p o n d i n g P B A / C P E 3 ( 4 8 . 0 % C l ) i s i n c o m p a t i b l e . 

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

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

A l l t h e COD/COD p a i r s h a v e p o s i t i v e h e a t s o f m i x i n g , b u t we s t i l l 

f i n d two r e g i o n s a m o n g t h e C P E / C P E b l e n d s i n w h i c h a l l t h e p o l y m e r 

p a i r s a r e m i s c i b l e . 

6 . 4 . On I G C o f o n e - p h a s e a n d t w o - p h a s e b l e n d s 

A c a l c u l a t i o n o f t h e a c t i v i t y o f a s o l v e n t i n c o n t a c t w i t h 

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

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

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

a n a l y s i s . 

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

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

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

v o l u m e w i l l h a v e a s u d d e n i n c r e a s e . 

The r e s u l t s o n t h e P B A / C P E a n d t h e PMMA/CPE s y s t e m s show t h a t 

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

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

The r e s u l t s o n t h e P E M A / C P E s y s t e m s how i t t o b e h o m o g e n e o u s 

a s c o a t e d a n d t h e i n t e r a c t i o n p a r a m e t e r t e n d s t o w a r d s z e r o w i t h 
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i n c r e a s i n g 1 t e m p e r a t u r e a s e x p e c t e d . 

6 . 5 . The m i c r o s t r u c t u r e o f C P E 

C P E h a s b e e n p r e p a r e d b y p h o t o c h l o r i n a t i o n i n s o l u t i o n a t 

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

a t u n g s t e n l a m p i s u s e d a s a n i n i t i a t o r . 

1 3 

^C-NMR a n d DTA a n a l y s i s e s show t h a t t h e p r e p a r e d p o l y m e r h a s 

a mo re h o m o g e n e o u s c h l o r i n e d i s t r i b u t i o n t h a n r e p o r t e d i n t h e 

l i t e r a t u r e . 
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A G 
m 

F i g u r e 1 . F r e e e n e r g y o f m i x i n g d G a s a f u n c t i o n o f t e m p e r a t u r e 

a n d c o m p o s i t i o n . 

0.5 F> 
F i g u r e 2 . C l o u d p o i n t c u r v e s ( ) , s p i n o d a l s ( ) a n d c r i t i c a l 

p o i n t s ( O ) c a l c u l a t e d f r o m E q s . 1 2 1 a n d 1 2 2 w i t h 
g = - 0 . 0 4 a n d g = + 0 . 0 4 f o r i n d i c a t e d m w 1 / m

w 2 v a l u e s . 
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F i g u r e 3* c u r v e s c a l c u l a t e d f o r a b i n a r y 5 0 / 5 0 m i x t u r e 
f o r i n d i c a t e d g n v a l u e s ( s e e F i g u r e 2 ) . 

1.5 

/ 

1.0 

Q5 

0 o.5 t o 

F i g u r e 4 * ^ a n d ft- o f p o l y d i m e t h y l s i l o x a n e - b e n z e n e s o l u t i o n a t 2 5 ° C . 
T h e e x p e r i m e n t a l p o i n t s a r e q u o t e d f r o m F l o r y 1 s p a p e r ( 5 2 ) . 
• o s m o m e t r i c r e s u l t s , o v a p o u r p r e s s u r e r e s u l t s , A i n v e r s e 
g a s c h r o m a t o g r a p h i c r e s u l t . 
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P h a s e d i a g r a m 1 i n T a b l e 2 . M o l e c u l a r w e i g h t : 1 . 5 0 0 0 0 / 6 0 0 0 , 
2 . 8 0 0 0 0 / 4 0 0 0 , J . 5 0 0 0 0 / 4 0 0 0 a n d 4 . 3OOOO/4OOO. 
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114 0 3 M <Pt 
F i g u r e 7 . E f f e c t s o f m o l e c u l a r w e i g h t a n d t h e t h e r m a l e x p a n s i o n 

c o e f f i c i e n t . P h a s e d i a g r a m 2 i n T a b l e 2 . M o l e c u l a r w e i g h t 
a n d o * x 1 0 3 / K : 1 . 1 0 0 0 0 0 / 1 0 0 0 0 0 a n d O . 5 8 O / O . 6 3 O , 2 . 2 0 0 0 0 0 / 
2 0 0 0 0 0 a n d 0 . 5 8 0 / 0 . 6 1 0 , 5 . 5OOOO/5OOOO a n d 0 . 5 8 0 / 0 . 6 4 O a n d 
4 . 1 0 0 0 0 0 / 1 0 0 0 0 0 a n d 0 . 5 8 0 / 0 . 6 2 0 . 

3 3 5 

F i g u r e 8 . E f f e c t o f t h e t h e r m a l p r e s s u r e c o e f f i c i e n t . P h a s e d i a g r a m 1 
i n T a b l e 2 . tf a t m / K : 1 . 8 . 4 7 / 6 . 5 0 , 2 . 8 . 4 7 / 7 . 2 4 , 3 . 8 . 4 7 / 
8.47 and 4. 8.47/10.00. 
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3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

-o-r-

- O — 2 

3A 
-o-5 

8 cxlO'g/ml 10 12 

f i g u r e 1 1 . P l o t s o f A d / C a g a i n s t c o n c e n t r a t i o n i n V P O . A d i s 
p r o p o r t i o n a l t o t h e t e m p e r a t u r e d i f f e r e n c e . 0 — s t a n d a r d 
s a m p l e , o t h e r s a r e COD s a m p l e s . 

I I I I I I L_ 
1800 K00 1000 « 600 CM1 

F i g u r e 1 2 . I R s p e c t r a o f 0 M M A 1 6 ( ) a n d OMMA23( ) . 
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A — 

1 l. 
L ̂ .; U, 

_JL 

U 
.A . 

F i g u r e 1 5 . 1 5 C - N M R s p e c t r a o f CPE s a m p l e s . 1 . C P E 2 , 2 . C P E 4 , 3 - C P E 1 , 
4 . C P E } a n d 5 . C P E 2 0 . 
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04 A 

F i g u r e 1 4 . E x p e r i m e n t a l v a l u e s o f X ^ , Yoi. a n d Z ^ a s a f u n c t i o n 
o f t h e m o l a r d e g r e e o f c h l o r i n a t i o n o ^ . The t h e o r e t i c a l 
c u r v e s : r a n d o m s u b s t i t u t i o n , h i n d e r e d 
s u b s t i t u t i o n w i t h A = 0 . 2 . 

0.3 * OA 

F i g u r e 1 5 . M o l a r f r a c t i o n o f p e n t a d OOOOO d e t e r m i n e d b y ' ^ C - K M R . 
T h e o r e t i c a l c u r v e s s e e n F i g u r e 1 4 * 
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F i g u r e 1 6 . M o l a r f r a c t i o n s o f p e n t a d s 0 1 0 0 0 ( O ) a n d 1 0 0 0 0 ( V ) 
d e t e r m i n e d b y l 3 C - N M R . T h e o r e t i c a l c u r v e s s e e n F i g u r e 14 

h-

F i g u r e 1 7 . DTA o f CPE s a m p l e s . 1 . C P E 2 , 2 . C P E 4 a n d 3« C P E 3 . 
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F i g u r e 1 8 , I n t e n s i t y o f s c a t t e r e d l i g h t a s a f u n c t i o n o f t e m p e r a t u r e . 
T h e c r o s s p o i n t i s t h e c l o u d p o i n t t e m p e r a t u r e . 

F i g u r e 19• T h e r m a l a n a l y s i s c e l l s c h e m a t i c . 

Endothermic Exothermic Second order 

F i g u r e 2 0 . C h a n g e s i n e n t h a l p y , h e a t c a p a c i t y a n d t e m p e r a t u r e f o r 
t h e f i r s t a n d s e c o n d t r a n s i t i o n s . 
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F i g u r e 2 1 . P h a s e s e p a r a t i o n o b s e r v e d i n DTA m e a s u r e m e n t s . W e i g h t 
f r a c t i o n o f C P E i n P M M A 1 . 4 / C P E 1 6 b l e n d s : 1 . 0 . 1 0 0 3 , 
2 . 0 . 2 4 7 4 , 3 . 0 . 5 2 2 4 , 4 . 0 . 7 4 1 7 a n d 5 . 0 . 8 9 9 9 . 
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F i g u r e 2 3« T h e m e c h a n i c a l a n d e l e c t r i c a l M a x w e l l m o d e l s f o r 
a v i s c o e l a s t i c f l u i d . 
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C D , — 

Ln 
3 ° 

F i g u r e 2 5 . A p r e s e n t a t i o n o f t h e p r o f i l e o f c o n c e n t r a t i o n o f t h e 
s o l v e n t p r o b e i n t h e c o l u m n a n d t h e c o n f i g u r a t i o n s o f 
t h e c o l u m n s u s e d 1 . p a c k i n g s c o a t e d w i t h p o l y b l e n d , 
2 . m i x e d p a c k i n g s a n d 3 . p a c k i n g s i n s e r i e s . 
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F i g u r e 2 6 . V o f C P E 2 0 a s a f u n c t i o n o f f l o w r a t e o f c a r r i e r g a s 
a n d t e m p e r a t u r e a t 1 . 8 0° 2 . 100° 3 . 1 20° 4 . 1 4 0 ° a n d 
5 . 1 60 C u s i n g MEK a s t h e p r o b e s o l v e n t . 

A m i x e d p a c k i n g s , 0 p a c k i n g s c o a t e d w i t h p o l y b l e n d s 
f o r t h r e e s o l v e n t s : 1 . M E K , 2 . THF a n d 3» p e n t a n e 
a t 120°C . 
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F i g u r e 2 8 . 
S p e c i f i c r e t e n t i o n v o l u m e s 
o f t h e P E M A / C P E 2 0 s y s t e m 
a t 8tf( & ) , 10< f (P ) a n d 1 2 0 ° c C A 
f o r m i x e d p a c k i n g s a n d 

A ) f o r p o l y b l e n d s . 
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F i g u r e 2 9 . 
S p e c i f i c r e t e n t i o n v o l u m e s 
o f t h e P B A / C P E 2 0 s y s t e m . 
A m i x e d p a c k i n g s , 
0 p a c k i n g s c o a t e d w i t h 

p o l y b l e n d s , a n d 
# p a c k i n g s i n s e r i e s . 



T h e s y m b o l s a r e a s i n F i g u r e 29 • 

F i g u r e 3 1 . H e a t s o f m i x i n g f o r OMMA23 w i t h COD p l o t t e d a g a i n s t 
w e i g h t f r a c t i o n o f COD. 1 . C 0 D 2 , 2 . C 0 D 3 , 3 . C 0 D 3 A , 
4 . C 0 D 4 a n d 5 * C 0 D 5 . T h e o r e t i c a l c u r v e s a r e c a l c u l a t e d 
f r o m E q . 8 0 . 
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F i g u r e 3 2 . H e a t s o f m i x i n g f o r 0MMA1 w i t h c e r e c l o r 4 5 ( 1 ) o r 
c e r e c l o r 5 2 ( 2 ) a t 7 0 ( o ) a n d 65 C ( • ) . 

COD 
F i g u r e 3 3 . P h a s e d i a g r a m s f o r o l i g o m e r m i x t u r e s . 1 . OMMA23/COD1, 

2 . OMMA23/COD2 a n d 3 . OMMA23/COD3. The b r o i r e n l i n e s 
a r e t h e s i m u l a t e d s p i n o d a l s b y E q . 8 4 . 
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0 0.5 Wcl 
F i g u r e 3 4 . V a l u e s o f X 1 2 a n d f o r OMMA/COD a g a i n s t t h e w e i g h t 

f r a c t i o n o f c h l o r i n e i n COD. 

F i g u r e 3 5 . E x p e r i m e n t a l p h a s e b o u n d a r i e s f o r m i x t u r e s o f C P E 1 6 
w i t h PMMA. G PMMA17» P M M A 1 6 , • P M M A 1 . 4 , <* FMMA F 6 
a n d © PMMA F 5 -



Figure 36. A TEM observation of FMMA1.4/CPE16 sampleotreated^at different 
temperatures. A. room temperature, B. 110, C. 1 1 5 0 and 
E. 170°C. The phase separation temperature is 140 C by DTA. 
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F i g u r e 3 7 . D y n a m i c m e c h a n i c a l r e s u l t s f o r F M M A 1 7 / C P E 1 6 b l e n d s . W e i g h t 
p e r c e n t C P E : 1 . 0 . 5 0 2 6 , 2 . 0 . 7 5 0 2 a n d 3 . 0 . 9 0 6 8 . 

F i g u r e 3 8 . D y n a m i c m e c h a n i c a l r e s u l t s f o r P M M A 1 6 / C P E 1 6 b l e n d s . W e i g h t 
p e r c e n t C P E : 1 . 0 . 0 9 1 0 , 2 . 0 . 3 0 6 8 , 3 . 0 . 4 9 8 1 , 4 . 0 . 7 3 7 3 
and 5 . O .9033. 
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Figure 39. Dynamic mechanical results for PMMA1.4/CPEI6 blends Weight 
figure yj. ^ ^ c p E : ^ 0 > 1 0 0 5 j 2 . 0 . 2 4 7 4 , 3.0.5224(sample218), 

4 . 0.7417 and 5. 0.8999. 

Figure 4 0 . Dynamic mechanical results for PMMA1.4/CPB16 blends_treated 
Figure 4u. W ^ ^ ^ ^ m i n u t e s # W e i g h t f r a c t i o n of CPE m the 

samples seen in Figure 39. 
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50 100 ° c 

F i g u r e 4 1 . D i e l e c t r i c r e s u l t s a t 101 Hz f o r PMMA16/CPE16 b l e n d s . 
W e i g h t p e r c e n t C P E : 1 . 0 . 2 6 6 5 , 2 . O . 7 4 6 7 a n d 3 . 0 . 9 0 4 0 . 

F i g u r e 4 2 . D i e l e c t r i c r e s u l t s a t 101 Hz f o r P M M A 1 . 4 / C P E 1 6 b l e n d s . 
W e i g h t p e r c e n t C P E : 1 . 0 . 1 0 4 4 , 2 . 0 . 2 5 0 6 , 3» 0 . 5 0 1 2 , 
4 . 0 . 7 5 4 6 a n d 5 . 0 . 9 0 0 4 . 
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F i g u r e S i m u l a t e d s p i n o d a l s f o r m i x t u r e s o f PMMA/CPE16 . 1 . PMMA17, 
2. PMMA16 a n d 3. PMMA F5-

V 

m l ^ 

0.8 

0.7 

F i g u r e 4 4 . S p e c i f i c v o l u m e s o f P M M A 1 . 4 / C P E 1 6 b l e n d s m e a s u r e d 

a t 2 5 * 0 . 1 ° C . 
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F i g u r e 4 5 . E x p e r i m e n t a l p h a s e b o u n d a r i e s f o r m i x t u r e s o f CPE17 w i t h 
PMMA: <2> PMMA17, <D PMMA16 , • P K M A 1 . 4 , 0 PMMA F 6 a n d 
Q PMMA F 5 . 

F i g u r e 4 6 . D y n a m i c m e c h a n i c a l r e s u l t s f o r PMMA/CPE17 b l e n d s a t w e i g h t 
f r a c t i o n 0 . 5 . 1 . P M M A 1 7 ( s a m p l e 2 4 3 ) , 2 . PMMA16 a n d 
3 . P M M A 1 . 4 



146 

F i g u r e 4 7 . D y n a m i c m e c h a n i c a l r e s u l t s f o r ^ I . 4 / C P B 1 7 b l e n d s W e i g h t 

p e r c e n t C P E : 1 . 0 . 1 1 1 2 , 2 . 0 . 2 5 3 3 , 3 - 0 . 4 8 2 8 , 4 - V . ( M 

a n d 5 - 0 . 8 9 4 6 . 

150 ° c 

F i g u r e 4 8 . The same b l e n d s h e a t e d a t 2 0 0 ° C f o r 15 m i n u t e s . 1 . PMMA, 
2 - 6 . s e e n 1 - 5 i n F i g u r e 4 7 , 7 - C P E 1 7 -
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F i g u r e 4 9 . D y n a m i c m e c h a n i c a l r e s u l t s f o r PMMA17/CPE3 b l e n d s c a s t 
f r o m 1 . THF , w e i g h t p e r c e n t CPE 0 . 8 0 1 2 , 2 . c h l o r o b e n z e n e , 
0 . 4 7 8 8 a n d 3 . M E K , O.49OO. 

fan 6 

1.0 

0.5 

F i g u r e 5 0 . D y n a m i c m e c h a n i c a l r e s u l t s f o r PMMA17/CPE15 a t w e i g h t 
p e r c e n t CPE 0 . 7 6 1 1 . 
f r o m THF s o l u t i o n . 

1 . m o u l d e d a t 1 40 C a n d 2 . c a s t 
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F i g u r e 51• T h e t r a n s p a r e n t g a p o b s e r v e d by l i g h t s c a t t e r i n g t u r b i d i t y 
f o r PMMA/CPE2 b l e n d s . 

-50 0 50 100 150 . 

F i g u r e 5 2 . D y n a m i c m e c h a n i c a l r e s u l t s f o r PMMA/CPE2 b l e n d s . W e i g h t 
p e r c e n t C P E : 1 . 0 . 1 5 1 2 , 2 . 0 . 2 5 0 4 a n d 3 . 0 . 4 0 3 3 . 
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40 to 120 160 . 

F i g u r e 5 3 . D i e l e c t r i c r e s u l t s f o r PMMA/CPE2 b l e n d s . V/e i gh t p e r c e n t 
C P E : 1 . 0 . 0 6 8 6 , 2 . 0 . 0 9 9 5 a n d 3 . 0 . 1 5 1 2 . - j . o i K H z . 

F i g u r e 5 4 . D y n a m i c m e c h a n i c a l r e s u l t s f o r P B A / C P E 2 0 b l e n d s . W e i g h t 
p e r c e n t C P E : 1 . 0 ./1612, 2 . 0 . 6 4 0 9 , 3 - 0 . 8 4 7 3 a n d 
4 . C P E 2 0 . 
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Eq.60. 
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F i g u r e 5 8 , Z / V * f o r P B A / C P E m i x t u r e s c a l c u l a t e d f r o m E q . 1 3 1 . 
1 . C P E 1 7 a n d 2 . C P E 2 0 . 
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62.1 498 <•8.0 +56 44.7 441 36-9 35-7 274 245 224 21.0 16.5 wcr/o 
20 17 3 18 15 19 1 4 2 5 11 12 8 cpe 

— — — — + -f + + + + 20 62.1 
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— — + + C 3 

— — — -f -f + + + 18 45.6 
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— — + + + 4- 1 36.9 
— — — — -h D 4 357 

— B — — + 2 274 
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— — + 11 224 
— -h 12 21.0 

— 8 16.5 

F i g u r e 5 9 . C o m p a t i b i l i t y a m o n g C P E s a m p l e s . m i s c i b l e , " + " i m m i s c i b l e . 

F i g u r e 6 0 . D y n a m i c m e c h a n i c a l r e s u l t s f o r C P E 1 9 / C P E 2 0 b l e n d s . W e i g h t 
p e r c e n t C P E 1 9 : 1 . 0 , 2 . 0 . 1 2 2 7 , O . 2 6 4 6 , 4 . O . 5 0 2 5 , 
5 . 0 . 7 4 4 5 , 6 . 0 . 8 9 1 1 a n d 7 . 1 . 
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3 

J/g 
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0 

0.2 03 OA 0.5 
Wcl 

F i g u r e 6 1 • H e a t s o f m i x i n g b e t w e e n COD s a m p l e s a t w e i g h t f r a c t i o n 
0 . 5 » One o l i g o m e r i s d e n o t e d o n t h e c u r v e , t h e o t h e r i s 
V COD1 , D C 0 D 2 , Q COD3 , A COD3A , O COD4 a n d X C 0 D 5 . 

F i g u r e 6 2 . H e a t s o f m i x i n g o f COD3/COD5 m i x t u r e s . The t h e o r e t i c a l 
c u r v e i s c a l c u l a t e d f r o m Eq.oo. 
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0.3 

F i g u r e 6 3 . I n t e r a c t i o n e n e r g y p a r a m e t e r v s t h e d i f f e r e n c e i n 
c h l o r i n e c o n t e n t s b e t w e e n t h e m i x e d o l i g o m e r s . 

AG 
AH 
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TTl 

Jh 
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I I 

0 0.1 0.2 0.3 iWcl 
F i g u r e 6 4 . A G , A H a n d —T4S v s t h e d i f f e r e n c e i n c h l o r i n e c o n t e n t s 

of111 t h e m i x e d C P E p o l y m e r s , o AG , A A H , V - T A S . B l a c k 
p o i n t s - i m m i s c i b l e , w h i t e p o i n t s - m i s c i F r o m T e f t t o r i g h t : 
C P E / C P E 1 5 / 1 9 , 3 / 1 8 , 3 / 1 9 , 1 2 / 8 , 2 / 1 2 , 1 5 / 1 , 4 / 2 , 3 / 1 , 2 0 / 1 7 , 
4 / 1 2 , 1 5 / 2 , 2 0 / 1 9 , 4 / 6 , 3 / 2 , 1 5 / 1 2 , 2 0 / 1 , 3 / 1 2 , 1 5 / 8 , 3 / 8 a n d 
20/2. 
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15 

<*x1(f 

10 

5 

J L 
0.2 0.4 0.6 

Wcl 

F i g u r e 6 5 . The t h e r m a l e x p a n s i o n c o e f f i c i e n t ol a s a f u n c t i o n o f 
c h l o r i n e c o n t e n t i n C P E , 

* P P G M 1 0 0 0 , <J> P P G M 1 5 0 0 a n d O P P G M 2 0 0 0 . The t h e o r e t i c a l 

c u r v e s a r e c a l c u l a t e d f r o m E q . 8 0 . 
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F i g u r e 6 7 . H e a t s o f m i x i n g o f PEGM600 w i t h PPGM a t 5 0 . 1 ° C . S y m b o l s 
s e e n i n F i g u r e 6 6 . T h e t h e o r e t i c a l c u r v e s a r e c a l c u l a t e d 
f r o m E q . 8 0 . 

F i g u r e 6 8 . H e a t s o f m i x i n g o f P E G M 6 0 0 w i t h PPGM a t 7 0 . 1 ° C . S y m b o l s 
s e e n i n F i g u r e 6 6 . T h e t h e o r e t i c a l c u r v e s a r e c a l c u l a t e d 
f r o m E q . 8 0 . 
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F i g u r e 6 9 . F r e e e n e r g i e s o f m i x i n g o f PEGM600 w i t h PFGM a t 3 0 . 1 ° C 
c a l c u l a t e d f r o m E q . 8 2 . 1 . PPGM4OO, 2 . P P G M 1 0 0 0 , 
3 . P P G M 1 5 0 0 a n d 4 . P P G M 2 0 0 0 . 

F i g u r e 7 0 . F r e e e n e r g i e s o f m i x i n g o f P E G M 6 0 0 w i t h PPGM a t 5 0 . 1 ° C 
c a l c u l a t e d f r o m E q . 8 2 . 1 . P P G M 1 0 0 0 , 2 . P P G M 1 5 0 0 a n d 
3 . P P G M 2 0 0 0 . 
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P P G M 2 0 0 0 . 
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WpEGM 

F i g u r e 7 2 . P h a s e b o u n d a r y o f P E G M 6 0 0 / P P G M 2 0 0 0 m i x t u r e . T h e b i n o d a l 
( ) a n d s p i n o d a l ( ") a r e c a l c u l a t e d f r o m E q s . 1 1 , 
6 3 a n d 8 4 . 
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F i g u r e 7 3 . X a s f u n c t i o n s o f m o l e c u l a r w e i g h t a n d t e m p e r a t u r e 
f o r 1 . F E G M 6 0 0 / P P G M 1 0 0 0 , 2 . P E G K 6 0 0 / P P G M 1 5 0 0 a n d 
3 . P E G M 6 0 0 / P F G M 2 0 0 0 m i x t u r e s . 

M x10 

F i g u r e 7 4 . T h e m o l e c u l a r w e i g h t d e p e n d e n c e s o f X ^ 2 a n d Q 1 2 f o r 
PEGM600/PPGM s y s t e m a t 3 0 . 1 C . 
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F i g u r e 7 5 * X d e c r e a s e s w i t h i n c r e a s i n g t e m p e r a t u r e f o r PEGM/PPGM s y s t e m . 
1 . ft , 2 . t h e i n t e r a c t i o n c o n t r i b u t i o n a n d 3 - "the e q u a t i o n 
o f s t a t e c o n t r i b u t i o n . 

P66M 

F i g u r e 7 6 . ft , X h , a n d / f o r P K G M 6 0 0 / P F G M P 0 0 0 m i x t u r e a t 3 0 . 1 C 


