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Summary 

T h e  e f f e c t  o f  s e v e r a l  f o r m s  o f  s u s p e n s i o n  p o l y m e r i z e d  p o l y ( v i -  
n y l  c h l o r i d e )  p a r t i c l e s  o n  m e c h a n o c h e m i c a l  b l o c k  c o p o l y m e r i z a -  
t i o n  i n  t h e  s o l i d  p o l y ( v i n y l  c h l o r i d e ) - s t y r e n e - s o d i u m  d o d e c y l  
s u l f a t e  s o l u t i o n s  h a s  b e e n  s t u d i e d  b y  u l t r a s o n i c  i r r a d i a t i o n  a t  
60 ~. T h e  b l o c k  c o p o l y m e r i z a t i o n  o f  s t y r e n e  w a s  i n i t i a t e d  b y  
f r e e  r a d i c a l s  p r o d u c e d  f r o m  t h e  p o l y ( v i n y l  c h l o r i d e )  p a r t i c l e s  
b y  u l t r a s o n i c  w a v e s .  T h e  r a t e s  o f  c o p o l y m e r i z a t i o n  i n c r e a s e d  
w i t h  i n c r e a s i n g  t h e  a d d i t i o n a l  a m o u n t  o f  t h e  s o l i d  p o l y ( v i n y l  
c h l o r i d e ) ,  t h e  p o r o s i t y ,  a n d  t h e  a v e r a g e  d i a m e t e r  o f  t h e  g r a i n  
p a r t i c l e s .  I n  p a r t i c u l a r ,  t h e  i n f l u e n c e  os  t h e  a v e r a g e  d i a m -  
e t e r  w a s  much  l a r g e r  t h a n  t h a t  o f  t h e  p o r o s i t y .  When t h e  p o -  
r o s i t y  a n d  t h e  a v e r a g e  d i a m e t e r  w e r e  i n c r e a s e d ,  t h e  r a t e s  o f  
d e c r e a s e  i n  t h e  v i s c o s i t y - a v e r a g e  d e g r e e  os  p o l y m e r i z a t i o n  o f  
t he  degraded poly(vinyl  ch lor ide)  were much increased. In ad- 
d i t i on ,  the  changes in the  composition of the  block copolymer 
and homopolymers in the r e a c t i o n  products were obtained. 

In t roduc t ion  

When the  molding of the  r i g i d  poly(vinyl  chlor ide)  r e s i n  i s  
c a r r i e d  out, the  improvement in i t s  moldab i l i ty  i s  h ighly  de- 
manded. This cause i s  a t t r i b u t a b l e  to  t h a t  the  f l u i d i t y  of 
po ly(v iny l  chlor ide)  i s  a very poor. 
On the  other  hand, po lys ty rene  has e x c e l l e n t  f l u i d i t y .  The de- 
c rease  in the  cos t s  of the  molding of the  r i g i d  poly(v inyl  
ch lor ide)  r e s i n  has become f e a s i b l e ,  provided the  c h a r a c t e r i s -  
t i c s  of polys tyrene  can be endowed with poly(vinyl  ch lor ide) .  
Therefore, i t  i s  thought t h a t  the de fec t  of the  poly(vinyl  
ch lor ide)  r e s i n  can be improved by mechanical blending of poly( 
v inyl  chlor ide)  and polystyrene.  However ,  the  discontinuous 
phase of the  poly(vinyl  ch lor ide)  p a r t i c l e s  and the  continuous 
p h a s e  o f  p o l y s t y r e n e  w e r e  a l w a y s  p r e s e n t  a s  a m i x t u r e  i n  t h e s e  
b l e n d i n g  p r o d u c t s  a n d  t h e  c o m p a t i b i l i t y  o f  b o t h  p o l y m e r s  w a s  
v e r y  p o o r  ( 1 ) .  A c c o r d i n g l y ,  t h e  c o o r d i n a t i n g  f u n c t i o n  o f  v i -  
n y l  c h l o r i d e - b - s t y r e n e  c o p o l y m e r s  i n  m e c h a n i c a l  b l e n d i n g  o f  
p o l y ( v i n y l  c h l o r i d e )  a n d  p o l y s t y r e n e  b y  o p e n  t w o  r o l l s  h a s  b e e n  
s t u d i e d  i n  o u r  l a b o r a t o r y .  V i n y l  c h l o r i d e - b - s t y r e n e  c o p o l y -  
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mers were shown to  be e f f e c t i v e  in coord ina t ing  both homopoly- 
mers ( i ) .  These copolymers were produced in homogeneous so-  
l u t i o n  systems by u l t r a s o n i c  i r r a d i a t i o n  (I, 2). 
On the  other  hand, i f  the  block copolymerizat ion in heterogene-  
ous systems of the  s o l i d  po ly(v iny l  chlor ide)  with s ty rene  oc- 
curs, i t  i s  thought t h a t  t he  decrease in the  c o s t s  of i t s  manu- 
f a c t u r e  can be expected and var ious  kinds of the  block eopoly- 
m e t  c a n  b e  s y n t h e s i z e d .  I n  e a r l i e r  p a p e r ,  t h e  s t u d y  o f  t h e  
b l o c k  e o p o l y m e r i z a t i o n  i n  h e t e r o g e n e o u s  s y s t e m s  o f  e m u l s i o n  
p o l ~ r m e r i z e d  p o l y ( v i n y l  c h l o r i d e )  w i t h  s t y r e n e  b y  u l t r a s o n i c  i r -  
r a d i a t i o n  w a s  s h o w n  ( 3 ) .  H o w e v e r ,  s u s p e n s i o n  p o l y m e r i z e d  p o l -  
y ( v i n y l  c h l o r i d e )  a s  c o m p a r e d  w i t h  e m u l s i o n  p o l y m e r i z e d  p o l y (  
v i n y l  c h l o r i d e )  i s  i n  g r e a t  r e q u e s t  a l l  o v e r  t h e  w o r l d  a n d  t h e  
f o r m  o f  t h e  p a r t i c l e s  d i f f e r s  t o  a g r e a t  e x t e n t .  T h a t  i s  t o  
s a y ,  t h e  s u s p e n s i o n  p o l y m e r i z e d  p o l y ( v i n y l  c h l o r i d e ) - g r a i n  p a r -  
t i c l e s  h a v e  a d i a m e t e r  o f  50 - 200  ~m a n d  t h e  o u t e r  s u r f a c e  o f  
t h e  g r a i n  p a r t i c l e s  i s  e n v e l o p e d  b y  a b o u t  1 ~m t h i c k  s h e l l  o f  
p o l y m e r i c  m a t e r i a l .  T h e  i n s i d e  o f  t h e  g r a i n  p a r t i c l e s  c o n -  
t a i n s  t h e  p r i m a r y  p a r t i c l e s  w i t h  a d i a m e t e r  o f  a b o u t  1 ~m a n d  
h a s  a n  a b u n d a n c e  o f  a p o r o u s  s t r u c t u r e  (4 ,  5 ) .  
T h e  p r e s e n t  p a p e r  i s  c o n c e r n e d  w i t h  t h e  e f f e c t  o f  s e v e r a l  f o r m s  
o f  s u s p e n s i o n  p o l y m e r i z e d  p o l y ( v i n y l  c h l o r i d e )  p a r t i c l e s  o n  m e -  
e h a n o e h e m i c a l  b l o c k  e o p o l y m e r i z a t i o n  i n  t h e  s o l i d  p o l y ( v i n y l  
c h l o r i d e ) - s t y r e n e - s o d i u m  d o d e e y l  s u l f a t e  s o l u t i o n s  b y  u l t r a s o n -  
i c  i r r a d i a t i o n .  

E x p e r i m e n t a l  

Mater ia ls  
Suspension polymerized poly(v inyl  chlor ide)  samples PVC (Kane- 
v iny les ,  Kanegafuchi Chemical Industry  Co., Ltd.)  were p u r i f i e d  
by e x t r a c t i o n  with hot pure benzene and methyl alcohol fo r  160 
hr. Several forms and v i s c o s i t y - a v e r a g e  degrees of polymeri- 
za t ion  Pv of PVC are s~,mmarized in Table I. 
The s ty rene  monomer St was washed succes s ive ly  with sodium 
t h i o s u l f a t e  so lu t ion ,  water, sodium hydroxide so lu t ion ,  and wa- 
t e r .  After  drying over barium oxide, the  monomer was f i l t e r e d  
and p u r i f i e d  by d i s t i l l a t i o n  under reduced p ressu re  in a stream 
of n i t rogen.  
Sodium dodeeyl s u l f a t e  SDS was twice r e c r y s t a l l i z e d  from methyl 
alcohol solut ion.  
The water HfO was doubly d i s t i l l e d .  

TABLE [. Several forms and v i s c o s i t y - a v e r a g e  degrees of poly-  
mer iza t ion  Pv of PVC 

Average Par-  Po ros i ty  in P/D 
P V C t i c l e  Diam- the  PVC-grain x 102 

e t e r  P a r t i c l e  
(Kane- D P (ml Hg/ 

vinyl)  (~m) (ml Hg/g PVC) g PVC ~m) 

m 

Pv 

2 0 - 1 5 5 4  120 0 . 3 8 8  0 . 3 2 3  4 8 6 0  
2 0 - 1 5 3 6  125 0 . 7 0 4  0 . 5 6 3  5700  
2 0 - 1 5 6 0  151 0 . 4 7 0  0 . 3 1 1  3940  
X S - 4 0 0 0  150 0 . 6 4 0  0 . 4 2 7  3880  
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P u r i f i e d  methyl a lcohol  and benzene were used as a p r e c i p i t a t -  
ing agent  and a s o l v e n t  of  f r a c t i o n a l  e x t r a c t i o n .  
P u r i f i e d  t e t r a h y d r o f u r a n  THF and methyl e t h y l  ketone MEK were 
used as  s o l v e n t s  fo r  t he  de t e rmina t ion  of the  s o l u t i o n  t u r b i d i -  
t i e s  o f  p o l y m e r s .  
P u r i f i e d  c y c l o h e x a n o n e  w a s  u s e d  a s  a s o l v e n t  f o r  t h e  m e a s u r e -  
m e n t  o f  t h e  v i s c o s i t y - 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  o f  PVC. 

A p p a r a t u s  a n d  P r o c e d u r e s  
T h e  p o r o s i t i e s  i n  t h e  P V C - g r a i n  p a r t i c l e s  w e r e  d e t e r m i n e d  w i t h  
a d i g i t a l  r e a d o u t  p o r o s i m e t e r  ( M o d e l  5 - 7 1 2 1 B ,  A m e r i c a n  I n s t r u -  
m e n t  C o . ,  I n c . )  u n d e r  a b s o l u t e  p r e s s u r e  f r o m  20  p s i  t o  1 0 0 0  p s i  
a t  25 ~. T h o s e  v a l u e s  w e r e  i n d i c a t e d  b y  t h e  q u a n t i t y  o f  m e r -  
c u r y  i n s e r t e d  i n  t h e  p o r o s i t y .  
An  u l t r a s o n i c  g e n e r a t o r  ( M o d e l  U S V - 1 5 0 V ,  C h o - O n p a  K o g y o  C o . ,  
L t d . )  e q u i p p e d  w i t h  a s t e p p e d  h o r n  o f  s t a i n l e s s  s t e e l  o n  a m a g -  
n e t o s t r i c t i v e  n i c k e l  v i b r a t o r  o f  25 kHz.  T h e  o u t p u t  o f  t h i s  
g e n e r a t o r  h a d  a n  i n t e n s i t y  o f  150  w a t t s .  
I n  a t y p i c a l  r u n  f o r  m e c h a n o c h e m i c a l  b l o c k  c o p o l y m e r i z a t i o n ,  
3 . 0 0 0  g o f  t h e  s o l i d  PVC, 2 2 . 4 4  g o f  S t ,  a n d  5 4 . 7 6  g o f  SDS a -  
q u e o u s  s o l u t i o n  ( 0 . 5 0 0  wt%) w e r e  p o u r e d  i n t o  a 3 0 0  ml  s p e c i a l  
g l a s s  r e a c t i o n  v e s s e l .  U l t r a s o n i c  i r r a d i a t i o n  w a s  c a r r i e d  o u t  
f o r  10,  15,  20 ,  25 ,  4 0 ,  4 5 ,  50 ,  a n d  60 m i n  w i t h  t h e  s t e p p e d  
h o r n  i n  c o n t a c t  w i t h  t h e  s u r f a c e  o f  t h e  s o l u t i o n s  u n d e r  o n e  a t -  
m o s p h e r i c  p r e s s u r e  o f  d r y  n i t r o g e n  a t  60 ~. A f t e r  r e a c t i o n ,  
t h e  s o l u t i o n  w a s  p o u r e d  i n t o  a l a r g e  a m o u n t  o f  m e t h y l  a l c o h o l  
c o n t a i n i n g  p - b e n z o q u i n o n e  i n h i b i t o r .  T h e  p r e c i p i t a t e d  p o l y m e r  
w a s  f i l t e r e d ,  w a s h e d ,  a n d  d r i e d  i n  v a c u o  a t  40  ~,  a n d  t h e n  t h e  
c o n v e r s i o n  w a s  c a l c u l a t e d  f r o m  t h e  w e i g h t  o f  t h e  p o l y m e r  p r o -  
d u c e d  i n  t h e  c o p o l y m e r i z a t i o n .  T h e  r e a c t i o n  p r o d u c t s  w e r e  
f r a c t i o n a t e d  b y  e x t r a c t i o n  w i t h  b e n z e n e  f o r  40  h r  a t  60 ~ w i t h  
a s i m i l a r  m a n n e r  i n  t h e  p r e v i o u s  p a p e r  ( 3 ) .  T h e  c o m p o s i t i o n  
o f  t h e  b l o c k  c o p o l y m e r  a n d  h o m o p o l y m e r  i n  t h e  f r a c t i o n a t e d  p o l -  
y m e r s  w a s  d e t e r m i n e d  b y  t u r b i d i m e t r y  (2 ,  3 ) .  
I n  o t h e r  e x p e r i m e n t s ,  m e c h a n i c a l  d e g r a d a t i o n s  o f  PVC w e r e  c a r -  
r i e d  o u t  b y  t h e  i r r a d i a t i o n  o f  t h e  s o l i d  P V C - S t - S D S  s o l u t i o n s  
i n  t h e  p r e s e n c e  o f  p - b e n z o q u i n o n e  i n h i b i t o r .  T h e  v i s c o s i t y -  
a v e r a g e  d e g r e e s  o f  p o l y m e r i z a t i o n  Pv o f  PVC a t  v a r i o u s  s t a g e s  
o f  m e c h a n i c a l  d e g r a d a t i o n  w e r e  d e t e r m i n e d  b y  v i s c o m e t r y .  

D e t e r m i n a t i o n  o f  T u r b i d i t i e s  
T h e  s o l u t i o n  t u r b i d i t i e s  o f  t h e  f r a c t i o n a t e d  p o l y m e r s  w e r e  d e -  
t e r m i n e d  w i t h  a t u r b i d i m e t r i c  t i t r a t o r  ( M o d e l  N T - 3 0 1 H ,  K o t a k i  
W o r k s  C o . ,  L t d . )  a t  30 ~. I n  t h e  e a s e  o f  t h e  b e n z e n e - s o l u b l e  
p o l y m e r ,  t h e  s o l v e n t  a n d  t h e  p r e c i p i t a t i n g  a g e n t  w e r e  THF a n d  
m e t h y l  a l c o h o l .  T h e  p o l y m e r  c o n c e n t r a t i o n  w a s  0. 0 2 0  g / ] .  T h e  
s o l v e n t  a n d  t h e  p r e c i p i t a t i n g  a g e n t  f o r  t h e  b e n z e n e - i n s o l u b l e  
p o l y m e r  w e r e  THF-MEK ( 5 0  c o l %  v s .  50 c o l % )  a n d  m e t h y l  a l c o h o l ,  
r e s p e c t i v e l y .  T h e  p o l y m e r  c o n c e n t r a t i o n  w a s  0 . 7 0  g / 1 .  

D e t e r m i n a t i o n  o f  t h e  V i s c o s i t y - 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  
T h e  v i s c o s i t y - a v e r a g e  d e g r e e s  o f  p o l y m e r i z a t i o n  Pv o f  PVC a t  
v a r i o u s  s t a g e s  o f  m e c h a n i c a l  d e g r a d a t i o n  w e r e  c a l c u l a t e d  f r o m  
t h e  i n t r i n s i c  v i s c o s i t i e s  d e t e r m i n e d  i n  c y c l o h e x a n o n e  a t  30 
w i t h  t h e  a i d  o f  t h e  f o l l o w i n g  r e l a t i o n s h i p  ( 6 ) .  

B y  = ( A n t i l o g  ( ~ ) / 0. 197  - -  1 ) x 5 0 0  
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Results and Discussion 

The additional effects of the suspension polymerized PVC sam- 
ples on mechanochemieal block copolymerization by ultrasonic 
irradiation are shown in Figure I. In either case, the rates 
of copolymerization Rp clearly increase with increasing the ad- 
ditional amount of the solid PVC and these copolymerizations 
are inhibited completely by p-benzoquinone. When the solu- 
tion, in the absence of the solid PVC, was subjected to ultra- 
sonic irradiation, the polymerization of St did not occur under 
these conditions. These results suggest that mechanochemical 
block copolymerization in heterogeneous system of the suspen- 
sion polymerized PVC with St is initiated by free radicals pro- 
duced from the PVC particles by ultrasonic waves. Further, it 
is considered that a difference in rates of eopolymerization R, 
between the reaction systems containing Kane-vinyl 20-1554 and 
Kane-vinyl 20-1536 is due to the extent of mechanical degrada- 
tion of the PVC particles and the rate of mechanical degrada- 
tion in the latter reaction system is probably much faster than 
that of the former. 
The effect of several forms of the PVC particles on mechano- 
chemical block copolymerization is shown in Figure 2 and Table 
~. When the average diameters of the PVC-grain particles are 
about the same, the rates of copolymerization R, clearly in- 
crease with increasing the porosities in the grain particles. 
This result is thought to be due to that the number of grain 
particles exist in a unit volume of reaction system increases 
with increasing the porosity, mechanical degradation of the PVC 
particles is consequently apt to occurred, and the number of 
free radicals produced from PVC increased. 
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PVC (Kane-vinyl 20-1554): 
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F i g u r e  1. Additional effect 
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PVC ( K a n e - v i n y l  2 0 - 1 5 3 6 ) :  
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( A ) ,  2 . 3 0 0  g ;  ( 0 ) ,  3 . 0 0 0  g ( 
[ p - - B e n z o q u i n o n e ]  : 1. 1 S x l 0 -  z 
m o l / 1 ) .  

of the  suspension polymerized PVC 
on mechanochemical block copolymerizat ion by u l t r a s o n i c  i r r a d i -  
at ion.  [ S t ] :  2 . 6 3  m o l / 1 .  [ S D S ] :  1. l S x l 0  -2  m o l / 1 .  [ H i  0 ] :  
3 7 . 1 3  m o l / 1 .  
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On t h e  o t h e r  h a n d ,  t h e  r a t e s  
o f  c o p o l y m e r i z a t i o n  R, c l e a r l y  
i n c r e a s e  t o  a g r e a t  e x t e n t  
w i t h  i n c r e a s i n g  t h e  a v e r a g e  
d i a m e t e r s  o f  t h e  g r a i n  p a r t i -  
c l e s .  T h i s  r e s u l t  i s  e v i -  
d e n t  t h a t  t h e  i n f l u e n c e  o f  
t h e  a v e r a g e  d i a m e t e r  o f  t h e  
g r a i n  p a r t i c l e  i s  m u c h  l a r g e r  
t h a n  t h a t  o f  t h e  p o r o s i t y  a t  
t h i s  c o p o l y m e r i z a t i o n  s y s t e m .  
T h e  r e a s o n  f o r  t h i s  p h e n o m e n o n  
i s  t h o u g h t  t h a t  t h e  m u t u a l  e f -  
f e c t s  o f  t h e  c a v i t a t i o n  a n d  
s h o c k  w a v e s  g e n e r a t e d  i n  t h e  
r e a c t i o n  s y s t e m  b y  u l t r a s o n i c  
i r r a d i a t i o n  w e r e  i n c r e a s e d  t o  
a g r e a t  e x t e n t  w i t h  i n c r e a s i n g  
t h e  a v e r a g e  d i a m e t e r s  o f  t h e  
g r a i n  p a r t i c l e s  a n d  m e c h a n i c a l  
d e g r a d a t i o n  o f  PVC o c c u r r e d  
e x c e e d i n g l y .  I n  a d d i t i o n ,  
m e e h a n i c a l  d e g r a d a t i o n  o f  p o l -  
y m e r s  i n  h o m o g e n e o u s  s o l u t i o n  
s y s t e m s  b y  u l t r a s o n i c  i r r a d i a -  
t i o n  o c c u r r e d  v i g o r o u s l y  i n  
t h e  c a s e  o f  a h i g h e r  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 s  
a n d  t h e  n u m b e r  o f  c h a i n  s c i s -  
s i o n s  w a s  m o r e  i n c r e a s e d  ( 7 ) .  
I t  c a n  b e  a s s u m e d  t h a t  t h e  
r a t e s  o f  c o p o l y m e r i z a t i o n  a r e  
i n c r e a s e d  c o n s e q u e n t l y .  
H o w e v e r ,  t h e  r a t e s  o f  c o p o l y -  

N 

B~ 

32,0 

24,0 

16,0 

8,0 

I I I I I I 

20 40 60 

Time (min) 

F i g u r e  2. E f f e c t  o f  s e v e r a l  
f o r m s  o f  t h e  PVC p a r t i c l e s  o n  
m e c h a n o c h e m i c a l  b l o c k  c o p o l y -  
m e r i z a t i o n  b y  u l t r a s o n i c  i r -  
r a d i a t i o n .  PVC ( 3 . 0 0 0  g ) :  (O ) ,  
X S - 4 0 0 0 ;  ( ~ ) ,  2 0 - 1 5 6 0 ;  ( ~ ) ,  
2 0 - 1 5 3 6 ;  ( ~ ) ,  2 0 - 1 5 5 4 ;  ( Q ) , X S -  
4 0 0 0  ( [ p - B e n z o q u i n o n e ] :  1 . 1 5 x  
10 -2  m o l / 1 ) .  [ S t ] :  2 . 6 3  m o l / 1 .  
[ S D S ] :  1 . 1 5 x 1 0  -2  m o l / 1 .  [ H 2 0 ] :  
3 7 . 1 3  m o l / 1 .  

m e r i z a t i o n  Rp a t  t h i s  i n v e s t i g a t i o n  a r e  i n d e p e n d e n t  o f  a d i f f e r -  
e n c e  i n  t h e  i n i t i a l  d e g r e e  o f  p o l ~ e r i z a t i o n  o f  PVC. 
M e c h a n i c a l  d e g r a d a t i o n  c u r v e s ,  Pv o f  PVC v e r s u s  i r r a d i a t i o n  
t i m e ,  o b t a i n e d  b_~ u l t r a s o n i c  i r r a d i a t i o n  a r e  s h o w n  i n  F i g u r e  3. 
T h e  v a l u e s  o f  Pv o f  PVC d e c r e a s e  r a p i d l y  d u r i n g  t h e  i n i t i a l  
s t e p ,  a n d  t h e n  s l o w l y  a p p r o a c h  t h e  c o n s t a n t  o r d i n a t e .  When  t h e  
p o r o s i t y  a n d  t h e  a v e r a g e  d i a m e t e r  o f  t h e  g r a i n  p a r t i c l e s  w e r e  

TABLE H. S e v e r a l  f o r m s  o f  t h e  PVC p a r t i c l e s  a n d  t h e  r a t e s  o f  
c o p o l y m e r i z a t i o n  R, 

A v e r a g e  P a r -  P / D  R, 
P V C t i c l e  D i a m -  P o r o s i t y  x 102 x 104 

e t e r  P Pv 
( K a n e -  D (ml  H g /  (ml  H g /  ( m o l /  

v i n y l )  (~m) g PVC) g PVC ~m) 1 s e c )  

2 0 - 1 5 5 4  120  0 . 3 8 8  0 . 3 2 3  4 8 6 0  2 . 3 0  
2 0 - 1 5 3 6  125  0 . 7 0 4  0 . 5 6 3  5 7 0 0  3 . 3 0  
2 0 - 1 5 6 0  151 0 . 4 7 0  0 . 3 1 1  3 9 4 0  6 . 0 4  
X S - 4 0 0 0  150  0 . 6 4 0  0 . 4 2 7  3 8 8 0  7 . 5 8  

C o p o l y m e r i z a t i o n  c o n d i t i o n :  PVC, 3 . 0 0 0  g ;  [ S t ] ,  2 . 6 3  m o l / 1 ;  
[ S D S ] ,  1 . 1 5 x 1 0  -2  m o l / 1 ;  [ H 2 0 ] ,  3 7 . 1 3  m o l / ] .  
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Figure 3. Mechanical degrada- 
t i o n  of PVC by u l t r a s o n i c  i r -  
r ad ia t ion .  PVC ( 3 . 0 0 0  g ) :  ( 
~ ) ,  2 0 - 1 5 3 6 ;  (@),  2 0 - 1 5 5 4 ;  (O 
) ,  X S - 4 0 0 0 .  [ p - B e n z o q u i n o n e ] :  
1 . 1 5 x 1 0  2 m o l / 1 .  [ S t ] :  2 . 6 3  
m o l / 1 .  [ S D S ] :  1 . 1 5 x 1 0  2 m o l / 1 .  
[ H 2 0 ] :  3 7 , 1 8  m o l / 1 .  

i i I l i 
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~ 40 
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Figure 4. Changes in the com- 
p o s i t i o n  of the  block eopoly- 
m e r  a n d  h o m o p o l y m e r s  i n  t h e  r e -  
a c t i o n  p r o d u c t s .  C o p o l y m e r i z a -  
t i o n  condi t ion:  PVC (XS-40O0), 
3.000 g; [St],  2.63 mol/1; [SDS 
], 1.15x10 -2 mol/1;[H20], 37.13 
mol/l.  (O), PVC; ( O ) ,  block 
copolymer; (~), PSt. 

increased, the  r a t e s  os decrease in Pv of the  degraded PVC were 
much increased. In p a r t i c u l a r ,  the  inf luence  of the  average 
diameter occurred to  a g rea t  extent .  These r e s u l t s  are con- 
s i s t e n t  with the suggested matters  from the  r e s u l t s  of the  
above copolymerization. Accordingly, i t  i s  thought t h a t  two 
end r a d i c a l s  of PVC r e s u l t e d  from u l t r a s o n i c  degradat ion are 
expressed in the  fol lowing manner and these  ac t i ve  ends are r e -  
spons ib le  for  the  i n i t i a t i o n  of mechanochemical block copoly- 
merization. 

-CH2-CH-CH2-CH , -CH2-CH CH2-CH- Mechanical 
} i I ] degradation 

C1 C I  C1 CI  
(PA') (PB') 

PA" + S t  - - ~  P A - S t -  P , "  + S t  ~ P , - S t -  I n i t i a t i o n  

T h e  c h a n g e s  i n  t h e  c o m p o s i t i o n  o f  t h e  b l o c k  e o p o l y m e r  a n d  h o m o -  
p o l y m e r s  i n  t h e  r e a c t i o n  p r o d u c t s  w i t h  r e s p e c t  t o  t h e  i r r a d i a -  
t i o n  t i m e  a r e  s h o w n  i n  F i g u r e  4 .  T h e  w e i g h t  p r o p o r t i o n  o f  PVC 
d e c r e a s e s  w i t h  t h e  p r o g r e s s  o f  t h e  b l o c k  e o p o l y m e r i z a t i o n ,  b u t  
t h o s e  o f  t h e  b l o c k  c o p o l y m e r  a n d  p o l y s t y r e n e  P S t  i n c r e a s e .  
I n  a d d i t i o n ,  t h e  f o r m a t i o n  o f  P S t  i s  t h o u g h t  t o  o c c u r  s i n c e  t h e  
S t  s e g m e n t  i n  t h e  b l o c k  c o p o l y m e r  u n d e r w e n t  m e c h a n i c a l  d e g r a d a -  
t i o n  d u r i n g  u l t r a s o n i c  i r r a d i a t i o n  a n d  t h e  c h a i n  t r a n s f e r  r e a c -  
t i o n  t o  S t  o c c u r r e d .  
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We t h a n k  K a n e g a f u c h i  C h e m i c a l  I n d u s t r y  C o . ,  
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