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@  Process  for  preparing  copolymer*,  copolymers  prepared  by  this  process  and  products  made  or  partly  made  of  these 
copolymers. 

In  a  process  for  preparing  copolymers  by  polymeriza- 
tion  in  aqueous  dispersion  of  styrene  and/or  a-methyl 
styrene  with  acrylonitrile  and/or  methacrylonitrile  with  the 
aid  of  a  compound  yielding  free  water-soluble  radicals, 
a  compound  yielding  water-soluble  radicals  is  added  in  a 
quantity  of  0.05  to  2.5  parts  per  100  parts  of  monomer 
added  after  the  conversion  has  become  larger  than  75%, 
the  monomer  addition  has  been  terminated,  the  rate  of  con- 
version  has  become  smaller  than  15%  per  hour  and  when  at 
least  0.1  w.-%  of  non-converted  (meth)acrylonitrile  in  rela- 
tion  to  the  reaction  medium  has  remained  therein. 

The  copolymers  obtained  by  this  process  have  a  high 
heat  distortion  temperature  and  a  low  free-monomer  con- 
tent  The  invention  is  aimed  in  particular  at  the  manufacture 
of  copolymers  of  styrene  and  acrylonitrile  (SAN),  a-methyl 
styrene  and  acrylonitrile  (@-methyl-SAN)  and  graft  poly- 
mers  thereof  on  a  rubber  (ABS).  Products  made  or  partially 
made  of  these  copolymers. 



The  i n v e n t i o n   r e l a t e s   to  a  p rocess   for  p r e p a r i n g  

copolymers  by  p o l y m e r i z a t i o n   in  aqueous  d i s p e r s i o n   of  15-75  p a r t s  

by  weight   of  s t y r e n e   and /or   CL-methyl  s t y r ene   with  85-25  p a r t s   by 

weight   of  a c r y l o n i t r i l e   and/or   m e t h a c r y l o n i t r i l e   and,  p o s s i b l y ,  

minor  q u a n t i t i e s   of  ano the r   monomer  with  the  aid  of  compounds 

y i e l d i n g   f ree   r a d i c a l s .  

This  p rocess   is  wel l -known  and  is  a p p l i e d   on  a  l a rge   s c a l e  

in  e n g i n e e r i n g .   However,  i t   y i e l d s   p roduc t s   tha t   may  c o n t a i n   a 

c o n s i d e r a b l e   q u a n t i t y   of  n o n - c o n v e r t e d   monomers.  

This  q u a n t i t y   may  even  l i e   in  the  o rder   of  magnitude  of  a 

few  per  cen t ,   depending  on  the  p o l y m e r i z a t i o n   c o n d i t i o n s .   The  monomer 

r e s i d u e s   are  h igh ly   u n d e s i r a b l e .   They  have  an  adverse   i n f l u e n c e   on 

the  p r o p e r t i e s   of  the  end  p roduc t ,   such  as  g loss   and  heat   r e s i s t a n c e ,  

and  may  moreover  be  r e l e a s e d   from  the  p roduc t   dur ing   i t s   s u b s e q u e n t  

p r o c e s s i n g   or  in  i t s   a p p l i c a t i o n ,   which  is  h igh ly   u n d e s i r a b l e   i n  

view  of  the  n e g a t i v e   e n v i r o n m e n t a l   impact  and  the  t o x i c i t y .  

T h e r e f o r e ,   i n t e n s i v e   r e s e a r c h   has  been  c a r r i e d   out  f o r  

a  long  time  a l r eady   to  f ind  methods  to  reduce  the  monomer  c o n t e n t  

of  such  polymers .   I t   has  been  proposed  to  t r e a t   the  po lymer  

d i s p e r s i o n   with  steam  for  the  purpose  of  s t r i p p i n g   par t   of  t h e  

n o n - c o n v e r t e d   monomers  from  the  polymer.   This  t r e a t m e n t   may  be  

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

e x p e n s i v e ,   as  r ega rds   i nves tmen t   as  well   as  energy  c o n s u m p t i o n .  



I t   has  a lso   been  proposed   to  ca r ry   out  the  removal  o f  

monomers  in  a  s o - c a l l e d   d e g a s i f y i n g   e x t r u d e r .   To  t h i s   end,  t h e  

polymer  is  melted  in  an  e x t r u d e r   with  s i m u l t a n e o u s   b u i l d - u p   of  a 

high  p r e s s u r e .  

Next,  the  p roduc t   comes  in  a  zone  where  the  p r e s s u r e   has  b e e n  

s t r o n g l y   reduced  and  where  the  v o l a t i l e   components  are  e x h a u s t e d .  

This  p rocess   r e q u i r e s   very  high  i n v e s t m e n t s ,   e s p e c i a l l y   b e c a u s e  

the  c a p a c i t y   of  th i s   d e g a s i f y i n g   e x t r u d e r   is ,   of  n e c e s s i t y ,   low 

if  a  high  removal  e f f i c i e n c y   is  to  be  ach ieved .   In  U.S.  P a t e n t  

S p e c i f i c a t i o n   3 .991 .136   i t   has  been  proposed  t h a t ,   a f t e r   t h e  

p o l y m e r i z a t i o n   has  p roceeded   to  a  degree  of  c o n v e r s i o n   of  90  %, 

a  new  monomeer  be  added  which  is  very  r e a c t i v e   with  the  n o n -  

c o n v e r t e d   monomer.  This  new  monomer  s h o u l d  b e   added  in  a  q u a n t i t y  

of  5  to  10  w.-%,  so  tha t   i t   w i l l   have  a  s u b s t a n t i a l   i n f l u e n c e   on  t h e  

polymer  p r o p e r t i e s .   F u r t h e r ,   an  a d d i t i o n a l   monomer  i n v o l v e s  

r e l a t i v e l y   high  cost   because  of  the  e x t r a   i n v e s t m e n t s   and  o p e r a t i o n s  

i t   r e q u i r e s .  

The  purpose  of  the  i n v e n t i o n   is  p r o v i d i n g   a  p rocess   w h i c h  

y i e l d s   polymers  of  a  very  low  monomer  c o n t e n t ,   w i thou t   monomers 

of  ano ther   kind  having  to  be  a p p l i e d .   Another   purpose   of  t h e  

i n v e n t i o n   is  p r o v i d i n g   a  s o l u t i o n   to  the  problem  of  removing  n o n -  

c o n v e r t e d   monomer  w i thou t   n e g a t i v e l y   i n f l u e n c i n g   the  p r o p e r t i e s   o f  

the  polymer.   A  f u r t h e r   purpose  of  the  i n v e n t i o n   is  r educ ing   t h e  

e n v i r o n m e n t a l   impact  and  the  p o s s i b l e   r i s k s   from  monomer  e m i s s i o n  

dur ing  the  p r o d u c t i o n   and  p r o c e s s i n g   of  the  p o l y m e r .  

It  is  a lso   a  purpose  of  the  i n v e n t i o n   to  r a i s e   the  c a p a c i t y   o f  t h e  

p o l y m e r i z a t i o n   r e a c t o r s .   F u r t h e r ,   i t   is  a  purpose  of  the  i n v e n t i o n  

to  u t i l i z e   the  monomers  a p p l i e d   in  a  more  e f f i c i e n t   way.  

It   has  now  been  found  tha t   these   purposes   can  be  f u l f i l l e d  

by  adding  to  the  polymer  d i s p e r s i o n ,   at  a  c a r e f u l l y   chosen  po in t   o f  

time,  a  c e r t a i n   amount  of  a  s p e c i a l   compound  y i e l d i n g   f ree   r a d i c a l s .  

The  p rocess   for  p r e p a r i n g   copolymers  by  p o l y m e r i z a t i o n   o f  

s t y r ene   and/or   a - m e t h y l   s t y r ene   with  a c r y l o n i t r i l e ,   a n d / o r  

m e t h a c r y l o n i t r i l e ,   with  the  aid  of  compounds  y i e l d i n g   f ree   r a d i c a l s ,  



is  c h a r a c t e r i z e d   in  tha t   a  compound  which  y i e l d s   w a t e r - s o l u b l e   f r e e  

r a d i c a l s   is  a d d i t i o n a l l y   s u p p l i e d   in  a  q u a n t i t y   of  0 . 0 5  -   2.5  p a r t s  

per  100  p a r t s   of  t o t a l   monomer  a f t e r   the  c o n v e r s i o n   r a t e   has  become 

s m a l l e r   than  15 %  per  hour,   the  degree  of  c o n v e r s i o n   l a r g e r   t h a n  

75  %,  and  the  a d d i t i o n   of  monomers  has  been  t e r m i n a t e d ,   while  a t  

l e a s t   0.1  w.-%  of  n o n - c o n v e r t e d   ( m e t h ) a c r y l o n i t r i l e   has  remained  i n  

the  r e a c t i o n   medium. 

The  weight   p e r c e n t a g e   of  n o n - c o n v e r t e d   ( m e t h ) a c r y l o n i t r i l e  

is  c a l c u l a t e d   with  r e f e r e n c e   to  the  t o t a l   r e a c t i o n   medium,  i . e .   w a t e r  

t o g e t h e r   with  s u b s t a n c e s   d i s s o l v e d   and  d i s p e r s e d   in  i t .  

It   is  to  be  c o n s i d e r e d   as  h igh ly   s u r p r i s i n g   tha t   a  s i m p l e  

measure  as  d e s c r i b e d   above,  p rov ided   i t   is  c a r r i e d   out  at  the  c o r r e c t  

poin t   of  time  and  with  the  p rope r   compounds,  is  capable   o f  

d r a s t i c a l l y   r educ ing   the  monomer  c o n t e n t ,   w i thou t   a f f e c t i n g   t h e  

p r o p e r t i e s   of  the  polymer,   of  i n c r e a s i n g   at  the  same  time,  n o t  

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

and,  a l so ,   of  caus ing   the  monomer  f e e d s t o c k s   s u p p l i e d   to  be  u s e d  

more  e f f i c i e n t l y .  

Even,  the  p r o p e r t i e s   of  the  polymer  are  improved  by 

employing  th i s   measure.   For  i t   has  been  found  tha t   the  flow  and  t h e  

heat   d i s t o r t i o n   t e m p e r a t u r e   are  improved  when  us ing   the  p r o c e s s  

a c c o r d i n g   to  the  i n v e n t i o n .   Moreover,  the  p rocess   a c c o r d i n g   to  t h e  

i n v e n t i o n   leads  to  s u b s t a n t i a l   r e d u c t i o n   of  the  d r y i n g - t i m e   o f  

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

One  should  expect   tha t   the  a d d i t i o n   of  an  ex t r a   amount  of  a  compound 

y i e l d i n g   f ree   r a d i c a l s   y i e l d s   a  copolymer  whose  compos i t i on   d e v i a t e s  

from  the  polymer  a l r e a d y   p r e p a r e d ,   r e s u l t i n g   in  i n h o m o g e n e i t i e s .  

In  p a r t i c u l a r ,   i t   had  to  be  expec ted   tha t   at  the  end  of  t h e  

p o l y m e r i z a t i o n ,   when  the  polymer  to  monomer  r a t i o   is  very  h i g h ,  

t r a n s f e r   r e a c t i o n s   with  the  polymer  would  occur,   which  may  r e s u l t  

in  l inkage   r e a c t i o n s   which  a f f e c t   the  p r o c e s s a b i l i t y   (see  E m u l s i o n  

P o l y m e r i z a t i o n   Theory & Practice,   D.C.  B lack ley ,   1975,  pp  71  and  7 2 ) .  

I t   appears   tha t   these  d i s a d v a n t a g e s   do  not  occur  if  one  p r o c e e d s  

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  



It  was  found  tha t   the  e f f e c t   of  the  p r e s e n t   i n v e n t i o n  

cannot  be  reached  through  an  i n c r e a s e   in  the  q u a n t i t y   of  i n i t i a t o r  

which  is  added  at  the  beg inn ing   or  in  the  course  of  the  p o l y m e r i z a t i o n .  

It  is  of  g r ea t   impor tance   tha t   the  e x t r a   a d d i t i o n   o f  

i n i t i a t o r   is  not  e f f e c t e d   too  e a r l y ,   but  not  too  l a t e   e i t h e r .  

The  q u a n t i t y   of  n o n - c o n v e r t e d   ( m e t h ) a c r y l o n i t r i l e   in  the  r e a c t i o n  

medium  should  not  be  lower  than  0.1  w.-%.  P r e f e r a b l y ,   t h i s   w e i g h t  

p e r c e n t a g e   should  be  h ighe r   than  0.2 %  or,  more  s p e c i f i c a l l y ,  

h igher   than  0.5  %.  At  lower  va lues ,   no  or  ha rd ly   any  r e d u c t i o n   o f  

the  p r o p o r t i o n   of  r e s i d u a l   monomers  occurs ,   e s p e c i a l l y   as  r e g a r d s  

the  p r o p o r t i o n   of  s t y r e n e   and  M-methyl  s t y r e n e .   This  is  v e r y  

s u r p r i s i n g   as  s t y r e n e   in  p a r t i c u l a r   is  known  to  po lymer i ze   v e r y  

e a s i l y .  

In  g e n e r a l ,   p o l y m e r i z a t i o n s   in  d i s p e r s i o n   show  a  maximum 

in  the  c o n v e r s i o n   r a t e ,   which  maximum  e x p r e s s e s   i t s e l f   in  the  f o r m  

of  a  t e m p e r a t u r e   peak  tha t   cannot   be  f u l l y   coped  with  by  c o o l i n g .  

Supply  of  compounds  y i e l d i n g   f ree   r a d i c a l s   at  about  the  po in t   o f  

time  th i s   t e m p e r a t u r e   peak  occurs  proves  not  to  produce  the  r e q u i r e d ,  

f a v o u r a b l e   r e s u l t .   On  the  c o n t r a r y ,   the  r e s u l t   is  even  n e g a t i v e   i n  

r e l a t i o n   to  a  number  of  p r o p e r t i e s   l ike   the  notch  impact  s t r e n g t h  

at  low  t e m p e r a t u r e   and  the  s t i f f n e s s ,   so  tha t   such  supply ,   t h e r e f o r e ,  

should  be  c o n s i d e r e d   a  pure  waste  of  a u x i l i a r y   m a t e r i a l ( s ) .  

The  p rocess   a cco rd ing   to  the  i n v e n t i o n   is  the  more  s u r p r i s i n g   as  t h e  

f i e l d   of  p o l y m e r i z a t i o n   of  monomers  in  aqueous  d i s p e r s i o n   has  for  a 

long  time  a l r e a d y   been  the  s u b j e c t   of  much  r e s e a r c h .   Since  t h e s e  

polymers  are  moreover  produced  and  app l i ed   in  very  l a rge   q u a n t i t i e s ,  

the  r e s u l t s   of  the  p r e s e n t   i n v e n t i o n   are  of  very  g rea t   i m p o r t a n c e .  

The  p o l y m e r i z a t i o n   accord ing   to  the  i n v e n t i o n   takes  p l a c e  

in  an  aqueous  d i s p e r s i o n .   The  term  aqueous  d i s p e r s i o n   is  u n d e r s t o o d  

to  i nc lude   both  emuls ions   and  s u s p e n s i o n s .   The  p r e s e n t   i n v e n t i o n  

is  aimed  in  p a r t i c u l a r   at  the  emuls ion  p o l y m e r i z a t i o n   because   i n  

th i s   p o l y m e r i z a t i o n   the  best   r e s u l t s   are  o b t a i n e d .  

The  e x t r a   monomers  which  may  b e  i n c l u d e d   in  the  p o l y m e r i -  

z a t i o n   p rocess   in  minor  p r o p o r t i o n s   are,  among  o t h e r s ,   i o n o g e n i c  



vinyl   compounds  and /or   a lky l   compounds,  flame  k i l l e r s   to  be  b u i l t  

in,  or  m u l t i - f u n c t i o n a l   compounds,  such  as  d i - v i n y l   benzene  or  an  

a lky l   e s t e r   of  ( m e t h ) a c r y l i c   ac id .   S p e c i a l   p r e f e r e n c e   is  given  t o  

polymers  which  c o n t a i n   more  than  50  w.-%  of  s t y r e n e ,   in  p a r t i c u l a r  

a  me thy l   s t y r e n e .  

E s p e c i a l l y   in  the  case  of  a - m e t h y l   s t y r e n e   polymers  the  g r e a t e s t  

problems  occur  in  r e l a t i o n   to  the  monomer  con t en t   in  the  f i n i s h e d  

p r o d u c t .  

@-Methyl  s t y r ene   monomer  is  very  d i f f i c u l t   to  remove  t h e n .  

P a r t i c u l a r l y   with  these  polymers  the  p r e s e n t   i n v e n t i o n   appears   t o  

y i e l d   e x c e l l e n t   r e s u l t s .  

The  emuls ion  p o l y m e r i z a t i o n   can  be  c a r r i e d   out  with  a 

good  r e s u l t   in  the  p r e sence   of  a  p r e v i o u s l y   p r epa red   rubber   l a t e x ,  

for  i n s t a n c e ,   a  p o l y b u t a d i e n e   l a t e x .   In  a d d i t i o n   to  the  f r e e  

polymer  formed  also  a  g r a f t   polymer  may  form,  which  is  of  i m p o r t a n c e  

to  the  impact  s t r e n g t h .  

In  the  p o l y m e r i z a t i o n   in  aqueous  d i s p e r s i o n   the  u s u a l  

a u x i l i a r y   m a t e r i a l s   n e c e s s a r y   for  tha t   purpose  should  be  a p p l i e d ,  

such  as  e m u l s i f i e r s ,   lye,  su spens ion   agen t s ,   s a l t s ,   soaps,   i n i t i a t o r s ,  

l ike   p e r o x i d e s ,   and  mo la r -we igh t   r e g u l a t o r s .   In  the  emuls ion  p o l y -  

m e r i z a t i o n   one  chooses  p r e f e r a b l y   a l k a l i -   or  ammonium-persa l t s   a n d / o r  

redox  systems  for  i n i t i a t o r s .   In  p a r t i c u l a r ,   mention  is  to  be  made  o f  

po tass ium  p e r s u l p h a t e ,   ammonium  p e r s u l p h a t e   and  sodium  p e r s u l p h a t e .  

Examples  of  redox  systems  are  p e r s a l t s ,   e .g .   p e r c h l o r a t e s   o r  

p e r s u l p h a t e s   such  as  t e r t .   bu ty l   h y d r o p e r o x i d e ,   cumene  h y d r o p e r o x i d e ,  

d i i s o p r o p y l   benzene  h y d r o p e r o x i d e   and  methyl  c y c l o h e x y l   h y d r o p e r o x i d e ,  

combined  with  r e d u c t i o n   agents   based  on  acids  c o n t a i n i n g   su lphur   i n  

a  l ow-va lency   s t a t e ,   such  as  sodium  formaldehyde   s u l p h o x y l a t e ,  

b i s u l p h i t e ,   p y r o s u l p h i t e ,   or  o rgan ic   bases ,   l ike   t r i e t h a n o l a m i n e   o r  

metal  s a l t s   such  as  f e r r o u s   s u l p h a t e ,   f u r t h e r   d e x t r o s e ,   sodium 

pyrophospha te   and  mercaptans   or  combina t i ons   t h e r e o f .   These  

i n i t i a t o r s   or  i n i t i a t o r   systems  may  be  s u p p l i e d   a l l   at  once,  s t e p w i s e  

or  even  g r a d u a l l y .  

G e n e r a l l y ,   the  p o l y m e r i z a t i o n   in  emuls ion  s t a r t s   o n l y  



s lowly .   The  c o n v e r s i o n   r a te   i n c r e a s e s   s lowly ,   to  reach  a  few  h u n d r e d  

per  cent  per  hour  at  the  h i g h e s t   va lue .   This  means  a  c o n s i d e r a b l e  

heat   p r o d u c t i o n   w i t h i n   a  r e l a t i v e l y   shor t   time,  which  r e s u l t s   in  a 

t e m p e r a t u r e   i n c r e a s e   because  the  coo l i ng   cannot   cope  with  t h i s   r a p i d  

heat   deve lopment .   S u b s e q u e n t l y ,   the  c o n v e r s i o n  r a t e   wil  d e c r e a s e  

s lowly,   whereupon,  a cco rd ing   to  the  s t a t e   of  the  a r t ,   the  p o l y m e r i z a -  

t ion   is  d i s c o n t i n u e d   at  a  po in t   of  time  at  which  the  p o l y m e r i z a t i o n  

ra te   has  become  too  small   for  the  p o l y m e r i z a t i o n   s t i l l   to  be  c o n t i n u e d  

to  a d v a n t a g e .  

However,  a cco rd ing   to  ( the   p r e s e n t   i n v e n t i o n ,   a f t e r   t h e  

c o n v e r s i o n   degree  has  reached  a  value  of  75 %  and  the  c o n v e r s i o n  

ra te   has  become  lower  than  15 %  per  hour  and  a f t e r   the  monomer 

a d d i t i o n   has  been  t e r m i n a t e d ,   while   at  l e a s t   0.1  w.-%  of  n o n - c o n v e r t e d  

( m e t h ) a c r y l o n i t r i l e   has  remained  in  the  t o t a l   r e a c t i o n   medium,  a  com-  

pound  yielding  water-soluble  free  radicals is  added  additionally.  In. this  way  it  is  achieved 

that the total polymerization time  is  not  ex t ended .   This  y i e l d s   the  g r e a t  

advantage  of  an  i n c r e a s e d   p r o d u c t i o n   c a p a c i t y   of  the  p o l y m e r i z a t i o n  

r e a c t o r   w i thou t   any  a p p r e c i a b l e   i n v e s t m e n t s .  

At  the  same  time,  a  polymer  is  o b t a i n e d   having  such  a  low  monomer 

con ten t   tha t   the  c a p a c i t y   problems  o c c u r r i n g   in  the  s u b s e q u e n t  

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

away.  These  c a p a c i t y   problems  are  the  r e s u l t   of  the  measures  to  be  

taken  to  dec rea se   the  high  monomer  c o n t e n t ,   namely  i n t e n s i v e   and  

long  dry ing   and/or   the  a p p l i c a t i o n   of  d e g a s i f y i n g   e x t r u d e r s .  

The  compounds  y i e l d i n g   w a t e r - s o l u b l e   f ree   r a d i c a l s   are,   t h e m s e l v e s ,  

o f t en   comple t e ly   w a t e r - s o l u b l e .   Examples  are  po t a s s ium  p e r s u l p h a t e  

and  ammonium  p e r s u l p h a t e .   But  also  compounds  which  are  not  c o m p l e t e l y  

w a t e r - s o l u b l e   but  y i e ld   w a t e r - s o l u b l e   f ree   r a d i c a l s   can  be  a p p l i e d  

with  very  good  r e s u l t s .   Examples  are  the  t e r t . - b u t y l - p e r   compounds,  

l ike   d i - t e r t .   bu ty l   pe rox ide ,   d i - t e r t .   b u t y l p e r o x y d i c a r b o n a t e ,  

t e r t .   bu ty l   p e r a c e t a t e ,   t e r t .   bu ty l   p e r p i v a l a t e ,   t e r t .   b u t y l  

p e r b e n z o a t e ,   and  t e r t .   bu ty l   h y d r o p e r o x i d e .   These  compounds  a r e  

p a r t i c u l a r l y   p r e f e r a b l e   because  very  s t a b l e   l a t i c e s   are  o b t a i n e d .  

This  is  of  impor tance   dur ing   t r a n s p o r t a t i o n   and  s t o r age   of  t h e  



l a t i c e s .   F u r t h e r ,   a lso  compounds  which  are  not  c o m p l e t e l y   w a t e r -  

s o l u b l e   and  which  form  par t   of  a  redox  system  tha t   y i e l d s   w a t e r -  

s o l u b l e   f ree   r a d i c a l s   can  be  a p p l i e d .  

Examples  of  compounds  of  t h i s   kind  are  cumene  h y d r o p e r o x i d e ,  

d i i s o p r o p y l   benzene  h y d r o p e r o x i d e ,   t r i i s o p r o p y l   benzene  h y d r o p e r o x i d e ,  

t e r t .   bu ty l   i s o p r o p y l   benzene  h y d r o p e r o x i d e   and  dodecyl   i s o p r o p y l  

benzene  h y d r o p e r o x i d e .  

The  amount  of  a d d i t i o n a l l y   added  compound  y i e l d i n g   f r e e  

r a d i c a l s   p r e f e r a b l y   amounts  to  25  to  500  %,  p a r t i c u l a r l y   to  50  t o  

300  %,  of  the  q u a n t i t y   of  i n i t i a t o r   added  p r e v i o u s l y .   Al though  i n  

i t s e l f   not  n e c e s s a r y ,   i t   may  o f f e r   advan tages   if  the  a d d i t i o n a l l y  

s u p p l i e d   i n i t i a t o r   c o n s i s t s   of  the  same compound  which  was  s u p p l i e d  

at  the  b e g i n n i n g   of  the  p o l y m e r i z a t i o n .  

The  a d d i t i o n a l l y   added  compound  y i e l d i n g   f ree   r a d i c a l s   i s  

p r e f e r a b l y   added  a f t e r   the  c o n v e r s i o n   degree  has  become  l a r g e r   t h a n  

80  %,  in  p a r t i c u l a r   l a r g e r   than  90  %.  Convers ion   degree  is  u n d e r s t o o d  

to  mean  the  q u o t i e n t   of  the  q u a n t i t y   of  monomers  c o n v e r t e d   i n t o  

polymer  and  the  t o t a l   q u a n t i t y   of  added  monomers,  m u l t i p l i e d   by  
100  %.  The  a d d i t i o n   does  not  take  p lace   u n t i l   the  c o n v e r s i o n   r a t e  

has  become  very  low  i . e . l e s s   than  15 %  per  hour,   by  p r e f e r e n c e   l o w e r  

than  8  %  per  hour,  more  p a r t i c u l a r l y   lower  than  4 %  per  h o u r .  

At  the  time  the  a d d i t i o n a l   amount  of  compound  y i e l d i n g  

f ree   r a d i c a l s   is  added,  the  t e m p e r a t u r e   should  be  s u f f i c i e n t l y   h i g h .  
P r e f e r e n c e   is  given  to  t e m p e r a t u r e s   above  30  °C,  p r e f e r a b l y   above 

45  °C.  But  the  t e m p e r a t u r e   should  not  be  chosen  too  high.   S u i t a b l e  

t e m p e r a t u r e s   l i e   below  120  °C,  in  p a r t i c u l a r   below  100  °C.  The 

h a l f - l i f e   pe r iod   of  the  compound  y i e l d i n g   f ree   r a d i c a l s   at  t h e s e  

t e m p e r a t u r e s   is ,   by  p r e f e r e n c e ,   not  too  high,  i . e .   s m a l l e r   t h a n  
5  hours ,   in  p a r t i c u l a r   s m a l l e r   than  2  hours .   It  is  advan tageous   t o  

apply  shor t   h a l f - l i f e   p e r i o d s ,   which  can  be  done  by  the  choice   o f  

the  t e m p e r a t u r e   and/or   the  compound  y i e l d i n g   f ree   r a d i c a l s .   A  h a l f -  

l i f e   pe r iod   sma l l e r   than  1  hour  is  the  most  p r e f e r a b l e .  



Example  I 

52  g  of  a c r y l o n i t r i l e ,   20  g  of  s t y r e n e   and  98  g  o f  

@-methyl  s t y r e n e   were  added,  with  e x c l u s i o n   of  a i r ,   to  420  g  o f  

o x y g e n - f r e e ,   d e i o n i z e d   wa te r ,   in  which  were  d i s s o l v e d   0.28  g  of  KOH 

and  4.0  g  of  r o s i n   soap  and  an  emuls ion   was  formed  having  a  t e m p e r a -  

ture  of  75  °C.  A f t e r   the  r e a c t i o n   mixture   had  been  brought   at  50  °C, 

with  an  o i l   bath,   a  redox  i n i t i t a t o r   system  was  s u b s e q u e n t l y   added  

to  i t   which  c o n s i s t e d   of:  0.84  g  of  cumene  h y d r o p e r o x i d e ,   0.02  g 

of  f e r r o u s   s u l p h a t e   d i s s o l v e d   in  10  g  of  wate r ,   and  the  m i x t u r e  

of  1.0  g  of  sodium  p y r o p h o s p h a t e   in  1.2  g  of  d e x t r o s e   d i s s o l v e d   i n  

30  g  of  w a t e r .  

Owing  to  the  heat   of  p o l y m e r i z a t i o n ,   the  t e m p e r a t u r e   in  t h e  

p o l y m e r i z a t i o n   medium  rose  in  31  minutes   to  86.5  °C  and  d r o p p e d  

the reupon   g r a d u a l l y   to  75  °C.  To  de te rmine   the  c o n t e n t   of  n o n -  

c o n v e r t e d   monomer  in  the  t o t a l   r eac t ionmed ium,   a  sample  of  1  ml 

was  taken  from  the  r e a c t i o n   medium  a f t e r   90  minu tes ,   coun t i ng   f r o m  

the  po in t   of  time  the  i n i t i a t o r   system  was  added,  in  which  s a m p l e ,  

a f t e r   d i l u t i o n   with  d imethy l   formamide,  the  q u a n t i t y   of  n o n -  

c o n v e r t e d   monomer  was  de t e rmined   g a s - c h r o m a t o g r a p h i c a l l y ,   from  w h i c h  

the  monomer  c o n v e r s i o n   was  c a l c u l a t e d .   This  amounted  to  94.9 %  a t  

th i s   po in t   of  t ime.  The  p o l y m e r i z a t i o n   r a t e   can  be  d e t e r m i n e d   by  

t ak ing   2  samples  in  s u c c e s s i o n   with  a  known,  shor t   time  i n t e r v a l .  

This  r a t e   amounted  to  1.2  %  per  hour  at  t h i s   po in t   of  t i m e .  

Immedia te ly   a f t e r   the  sampl ing,   0.34  ml  of  a  75  %  s o l u t i o n   o f  

t e r t .   bu ty l   p e r p i v a l a t e   in  mine ra l   o i l   was  added  to  the  r e a c t i o n  

mixture   in  accordance   with  the  p rocess   of  the  i n v e n t i o n .   The  h a l f -  

l i f e   pe r iod   of  th i s   pe rox ide   amounts  to  0.8  hr  at  75  °C.  

Next,  the  r e s i d u a l   monomer  c o n t e n t   in  the  r e a c t i o n   medium  was 

de te rmined   a f t e r   120  and  150  minutes  from  the  b e g i n n i n g   of  t h e  

p o l y m e r i z a t i o n ,   in  the  same  way  as  d e s c r i b e d   above.  From  t h e  

va r ious   c o n c e n t r a t i o n s   a f t e r   90  and  150  minutes   the  monomer 

c o n v e r s i o n   dur ing   the  l a s t   hour  of  the  p o l y m e r i z a t i o n   can  be 

c a l c u l a t e d ,   v i z .  



The  r e s u l t s   are  ment ioned  in  t ab l e   1,  under  No.  1 .  

Comparat ive   example  I  A 

The  r e a l i z a t i o n   of  t h i s   p o l y m e r i z a t i o n   is  c o m p l e t e l y  

i d e n t i c a l   with  tha t   d e s c r i b e d   in  example  I,  on  the  u n d e r s t a n d i n g  

tha t   a d d i t i o n   of  t e r t .   bu ty l   p e r p i v a l a t e   was  omi t t ed   in  t h i s  

e x p e r i m e n t .  

Comparing  the  r e s i d u a l   monomer  c o n t e n t s   of  t h i s   compara t ive   example  

with  those  of  example  I  c l e a r l y   shows  tha t   the  d e c r e a s e   of  t h e  

a c r y l o n i t r i l e -   and  the  s t y r e n e -   and  the  a - m e t h y l   s t y r e n e   monomer 

c o n c e n t r a t i o n   is  c o n s i d e r a b l y   g r e a t e r   in  the  p rocess   a c c o r d i n g   t o  

the  i n v e n t i o n   than  in  the  compara t i ve   example  (see  t ab le   1 ,  

exper iment   I  A ) .  

E x a m p l e  I I  

Example  I  was  r e p e a t e d ,   60  g  of  a  p o l y b u t a d i e n e   r u b b e r  

l a t e x   c o n t a i n i n g   50  w.-%  of  s o l i d   being  added  to  i n c r e a s e   t h e  

impact  s t r e n g t h ,   w h i l s t   the  t o t a l   q u a n t i t y   of  water   of  example  I 

was  kept  c o n s t a n t .  

The  r e s u l t s   can  be  found  in  t ab le   1 .  

Compara t ive   example  II  A 

In  order   to  d e m o n s t r a t e   a d i t i o n a l l y   the  e f f e c t   of  t h e  

e x t r a   supply   of  the  compound  y i e l d i n g   f ree   r a d i c a l s   a c c o r d i n g   t o  

the  i n v e n t i o n   also  in  the  p re sence   of  rubber ,   example  II  was 

r e p e a t e d ,   but  w i thou t   a d d i t i o n   of  t e r t .   bu ty l   p e r p i v a l a t e .  

This  exper iment   was  c a r r i e d   out  in  d u p l i c a t e ;   the  r e s u l t s   t h e r e o f  

are  given,   between  p a r e n t h e s e s ,   in  t ab le   1 .  

Comparat ive   example  II  B 

In  order   to  d e m o n s t r a t e   tha t   the  a d d i t i o n   of  the  e x t r a  

supply  of  compound  y i e l d i n g   f ree   r a d i c a l s   must  take  p lace   a f t e r  

the  c o n v e r s i o n   has  become  l a r g e r   than  75 %  the  exper iment   o f  



example  II  was  r e p e a t e d ,   the  t e r t .   bu ty l   p e r p i v a l a t e   being  added  

at  the  peak  t e m p e r a t u r e ,   at  which  po in t   of  time  the  c o n v e r s i o n  

amounted  to  72 %  acco rd ing   to  g a s c h r o m a t o g r a p h i c   a n a l y s i s .  

The  c o n v e r s i o n   r a te   amounted  to  83  %/hr  at  t h i s   moment.  The  r e s u l t s  

show  tha t   in  the  l a s t   pa r t   of  the  p o l y m e r i z a t i o n   no  e x t r a   d e c r e a s e  

of  the  f ree   monomer  c o n t e n t   is  o b t a i n e d   (see  t ab l e   1 ) .  



Example  3 

In  th i s   example  the  p o l y m e r i z a t i o n   of  a c r y l o n i t r i l e ,  

s t y r e n e   and  d ime thy l   s t y r e n e   was  c a r r i e d   out  in  2  s t e p s ,   in  w h i c h ,  

a c c o r d i n g   to  the  i n v e n t i o n ,   e x t r a   po t a s s ium  p e r s u l p h a t e   was  added  

at  the  end  of  the  second  s tep .   In  the  f i r s t   s t ep ,   s u c c e s s i v e l y ,   t h e  

f o l l o w i n g   were  added  to  a  p o l y m e r i z a t i o n   v e s s e l ,   while   s t i r r i n g :  

230  g  of  wa te r ,   60  g  of  a  50  %  p o l y b u t a d i e n e l a t e x ,   2  g  of  r o s in   s o a p ,  

0.14  g  of  KOH,  10  g  of  s t y r e n e ,   26  g  of  a c r y l o n i t r i l e   49  g  o f  

a -me thy l   s t y r e n e ,   and  0.2  g  of  t e r t .   dodecyl   m e r c a p t a n .  

A f t e r   t h i s   r e a c t i o n   mixture   had  been  hea ted   to  40  0C  with  the  a i d  

of  a  bath  of  65  °C,  the  i n i t i a t o r   system  was  added,  c o n s i s t i n g   o f :  

0.84  g  of  cumene  h y d r o p e r o x i d e   and  1.2  g  of  d e x t r o s e   +  1.0  g  o f  

sodium  p y r o p h o s p h a t e ,   d i s s o l v e d   t o g e t h e r   in  30  g  of  wate r ,   and  

0.02  g  of  f e r r o u s   s u l p h a t e   d i s s o l v e d   in  10  g  of  wa te r .   A f t e r  

2  hours  about  95 %  of  the  monomers  had  been  c o n v e r t e d   i n to   p o l y m e r .  

S u b s e q u e n t l y ,   for  the  second  s tep  of  the  p o l y m e r i z a t i o n ,   t h e  

f o l l o w i n g   was  added  to  the  polymer  l a t e x   f o r m e d :  

150  g  of  wa te r ,   2  g  of  r o s in   soap,  0.14  g  of  KOH,  10  g  of  s t y r e n e ,  

26  g  of  a c r y l o n i t r i l e ,   49  g  of  @-methyl  s t y r e n e ,   and  0.6  g  o f  

t e r t .   dodecyl   mercap tan .   Af t e r   t h i s   mixture   had  again  reached  a  

t e m p e r a t u r e   of  50  °C,  0.4  g  of  po t a s s ium  p e r s u l p h a t e   d i s s o l v e d   i n  

10  g  of  water   was  added  to  i t   as  i n i t i a t o r .   90  minutes  a f t e r   t h e  

second  s tep  of  the  p o l y m e r i z a t i o n   had  been  s t a r t e d ,   the  c o n v e r s i o n ,  

de t e rmined   g a s - c h r o m a t o g r a p h i c a l l y ,   amounted  to  90.5  %.  At  t h i s  

po in t   of  time,  acco rd ing   to  the  i n v e n t i o n ,   0.4  g  of  p o t a s s i u m  

p e r s u l p h a t e   d i s s o l v e d   in  10  g  of  water   was  added  and  the  d e c r e a s e  

of  the  n o n - c o n v e r t e d   monomer  was  c o n t i n u e d .   For  r e s u l t s ,   s e e  

t ab le   2.  

Comparat ive   example  3a 

Example  3  was  r e p e a t e d ,   w i thou t   a p p l i c a t i o n   howeve r ,  

of  the  e x t r a   po ta s s ium  p e r s u l p h a t e   supply  at  the  end  of  the  s e c o n d  

s t ep .   Comparison  of  the  r e s u l t s   of  e x p e r i m e n t s   3  and  3a  shows  t h a t  

in  the  p rocess   a c c o r d i n g   to  the  i n v e n t i o n   a  s u b s t a n t i a l l y   improved  

monomer  removal  has  taken  p l a c e .  



Examples  4  to  10  i n c l .  

In  th i s   s e r i e s   of  examples ,   example  1  was  r e p e a t e d ,   a 

d i f f e r e n t   i n i t i a t o r   being  added,  however,  in  each  example  a f t e r  

90  min.  In  examples  4  and  5,  forming  pa r t   of  the  i n v e n t i o n ,  

c o n s i d e r a b l y   more  monomer  was  c o n v e r t e d   in to   polymer  dur ing   t h e  

l a s t   hour  of  the  p o l y m e r i z a t i o n   than  in  examples  6  to  10  i n c l . ,  

a  r a d i c a l - y i e l d i n g   compound  being  a p p l i e d   which  g e n e r a t e s   w a t e r -  

i n s o l u b l e   r a d i c a l s .   For  the  r e s u l t s ,   r e f e r e n c e   is  made  to  t ab l e   3 .  





Examples  11  and  12 

These  examples  were  a  r e p e t i t i o n   of  example  1.  The 

p o l y m e r i z a t i o n   p rocess   was  a p p l i e d   to  a  mix ture   c o n t a i n i n g  

a c r y l o n i t r i l e   and  a -methy l   s t y r e n e ,   but  no  s t y r e n e ,   and  i n s t e a d   o f  

the  redox  i n i t i a t o r   system,  po ta s s ium  p e r s u l p h a t e   was  used.   A f t e r  

a  p o l y m e r i z a t i o n   time  of  120  minutes ,   0.8  g  KPS  d i s s o l v e d   i n  

10  g  water   was  a d d e d .  

The  c o m p o s i t i o n   of  the  monomer  mix ture   was  such  tha t   t h e  

c o n c e n t r a t i o n   of  the  w a t e r - s o l u b l e   component  ( a c r y l o n i t r i l e )   u n d e r  

these  p o l y m e r i z a t i o n   c o n d i t i o n s   v a r i e d   s t r o n g l y   at  the  time  o f  

adding  the  e x t r a   q u a n t i t y   of  KPS. 

From  the  c a l c u l a t e d   monomer  c o n v e r s i o n   dur ing   the  l a s t  

hour  (mon.  conv.  U)  i t   c l e a r l y   appears   tha t   @-methyl  s t y r e n e  

removal  d e c r e a s e s   s t r o n g l y   as  the  ACN  c o n c e n t r a t i o n   in  the  l a t e x  

d e c l i n e s .  

For  r e s u l t s   see  t a b l e  4 .  

Comparat ive   Example  13 

In  t h i s   compara t ive   example,  which  was  ana logous   t o  

examples  11  and  12,  the  monomer  mixture   was  such  tha t   the  t h e  

a c r y l o n i t r i l e   c o n c e n t r a t i o n   in  the  l a t e x   at  the  time  of  a d d i t i o n  

of  the  e x t r a   q u a n t i t y   of  KPS  was  lower  than  0.1  %. 

The  r e s u l t s   show  tha t   at  t h i s   low  ACN  c o n c e n t r a t i o n   t h e  

l eve l   of  @-methyl  s t y r e n e   removal  was  c o n s i d e r a b l y   lower  than  i n  

examples  11  and  12,  in  s p i t e   of  the  e x t r a   a d d i t i o n   of  i n i t i a t o r .  

The  l e v e l   of  @-methyl  s t y r e n e   removal  is  about  the  same  as  r e a c h e d  

w i thou t   e x t r a   a d d i t i o n   of  w a t e r - s o l u b l e   i n i t i a t o r   ( a l s o   s e e  

compara t ive   example  1  a ) .  

For  r e s u l t s   see  t ab l e   4 .  



Example  14 

In  t h i s   example,  a  t e r n a r y   mixture   of  a c r y l o n i t r i l e ,  

@-methyl  s t y r e n e   and  m e t h a c r y l a t e   a l l y l   e s t e r   in  weight   p r o p o r t i o n s  

of  31.9,   67.7  and  0.4,   r e s p e c t i v e l y ,   was  po lymer i zed   in  e m u l s i o n ,  

as  d e s c r i b e d   in  example  1,  with  po tass ium  p e r s u l p h a t e   as  i n i t i a t o r .  

One  hour  be fo re   t e r m i n a t i o n   of  the  p o l y m e r i z a t i o n ,   0.8  g  p o t a s s i u m  

p e r s u l p h a t e   d i s s o l v e d   in  10  g  water   was  added.  Upon  t e r m i n a t i o n   o f  

the  p o l y m e r i z a t i o n ,   i t   appeared   tha t   the  monomer  c o n c e n t r a t i o n   i n  

the  l a t e x   was  0.22 %  for  ACN  and  0.13 %  for  CL-methyl  s t y r e n e ,   w h i c h  

means  tha t   the  l eve l   of  @-methyl  s t y r e n e   removal  was  very  h i g h .  

Example  15 

Example  14  was  r e p e a t e d   with  a  t e r n a r y   mixture   c o n t a i n i n g  

20.4  pa r t s   by  weight   of  a c r y l o n i t r i l e ,   67.9  p a r t s   by  weight   o f  

@-methyl  s t y r e n e   and  11.7  p a r t s   by  weight  of  methyl  m e t h a c r y l a t e  

(MMA).  The  MMA  was  not  i n i t i a l l y   p r e s e n t ,   but  was  g r a d u a l l y   s u p p l i e d  

to  the  r e a c t o r   in  about  40  minutes   subsequen t   to  a d d i t i o n   of  t h e  

i n i t i a t o r ;   30 %  of  the  r e q u i r e d   q u a n t i t y   of  ACN  was  s u p p l i e d   to  t h e  

r e a c t o r   only  a f t e r   190  m i n u t e s .  



Next,  a f t e r   240  minu tes ,   0.8  g  po t a s s ium  p e r s u l p h a t e   d i s s o l v e d  

in  10  g  water   was  added .  

A f t e r   300  minutes ,   i t   appeared   tha t   the  monomer  c o n c e n t r a t i o n   in  t h e  

l a t e x   was:  ACN  +  MMA:  0.13 %  and  @-m.s.:   0.63  %. 



1.  Process   for  p r e p a r i n g   copolymers   by  p o l y m e r i z a t i o n   in  aqueous  

d i s p e r s i o n   of  25-85  p a r t s   by  weight   of  s t y r e n e   a n d / o r  @ - m e t h y l  

s t y r e n e   with  75-15  p a r t s   by  weight   of  a c r y l o n i t r i l e   a n d / o r  

m e t h a c r y l o n i t r i l e   and,  p o s s i b l y ,   a  minor  p r o p o r t i o n   of  ( a n ) o t h e r  

monomer(s) ,   with  the  aid  of  compounds  y i e l d i n g   f ree   r a d i c a l s ,  

c h a r a c t e r i z e d   in  t ha t   a  compound  which  y i e l d s   w a t e r - s o l u b l e   f r e e  

r a d i c a l s   is  a d d i t i o n a l l y   s u p p l i e d   in  a  q u a n t i t y   of  0 . 0 5  -   2 . 5  

p a r t s   per  100  p a r t s   of  t o t a l   monomer  and  which  compound  i s  

added  a f t e r   the  c o n v e r s i o n   r a te   has  become  s m a l l e r   than  15  %  p e r  

hour,  the  degree  of  c o n v e r s i o n   l a r g e r   than  75  %  and  a f t e r   t h e  

a d d i t i o n   of  monomers  has  been  t e r m i n a t e d ,   and  while   at  l e a s t  

0.1  w.-%  of  n o n - c o n v e r t e d   ( m e t h ) a c r y l o n i t r i l e   based  on  the  t o t a l  

r e a c t i o n   medium  remains  in  the  r e a c t i o n   medium. 

2.  Process   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  tha t   the  a d d i t i o n a l  

q u a n t i t y   of  the  added  compound  y i e l d i n g   w a t e r - s o l u b l e   f r e e  

r a d i c a l s   l i e s   between  25  %  and  500  %  of  the  q u a n t i t y   of  compound 

y i e l d i n g   f ree   r a d i c a l s   added  p r e v i o u s l y .  

3.  Process   a c c o r d i n g   to  claim  2,  c h a r a c t e r i z e d   in  that   an  a d d i t i o n a l  

q u a n t i t y   is  added  ly ing   between  50  and  300  %. 

4.  Process   a cco rd ing   to  claims  1-3,  c h a r a c t e r i z e d   in  tha t   t h e  

compound  y i e l d i n g   f ree   r a d i c a l s   is  added  a f t e r   the  c o n v e r s i o n  

degree  has  become  l a r g e r   than  80  %,  in  p a r t i c u l a r   l a r g e r   t h a n  

90  %. 



5.  Process   a c c o r d i n g   to  c laims  1-4,  c h a r a c t e r i z e d   in  t ha t   t h e  

compound  y i e l d i n g   w a t e r - s o l u b l e   f ree   r a d i c a l s   is  added  a f t e r   t h e  

c o n v e r s i o n   r a te   has  become  s m a l l e r   than  8 %  per  hour,   i n  

p a r t i c u l a r   sma l l e r   than  4  %  per  h o u r .  

6.  Process   a c c o r d i n g   to  c laims  1-5,  c h a r a c t e r i z e d   in  tha t   t h e  

compound  y i e l d i n g   w a t e r - s o l u b l e   f ree   r a d i c a l s   is  added  when  a t  

l e a s t   0.2  w.-%  in  p a r t i c u l a r   at  l e a s t   0.5  w.-%,  of  n o n - c o n v e r t e d  

( m e t h ) a c r y l o n i t r i l e   has  remained  in  the  r e a c t i o n   medium. 

7.  Process   a c c o r d i n g   to  c laims  1-6,  c h a r a c t e r i z e d   in  tha t   a  monomer 

mixture   is  po lymer i zed   c o n s i s t i n g   to  more  than  50  w.-%  o f  

@-methyl  s t y r e n e .  

8.  Process   a c c o r d i n g   to  claims  1-7,  c h a r a c t e r i z e d   in  t ha t   t h e  

p o l y m e r i z a t i o n   takes   p lace   in  the  p re sence   of  a  r u b b e r - l i k e  

p o l y m e r .  

9.  Process   a c c o r d i n g   to  c l a i m s . 1 - 8 ,   c h a r a c t e r i z e d   in  t ha t   t h e  

p o l y m e r i z a t i o n   is  c a r r i e d   out  in  e m u l s i o n .  

10.  Process   a c c o r d i n g   to  claims  1-9,  c h a r a c t e r i z e d   in  t h a t ,   a f t e r  

a d d i t i o n   of  the  compound  y i e l d i n g   w a t e r - s o l u b l e   f r e e   r a d i c a l s ,  

the  t e m p e r a t u r e   is  at  l e a s t   30  0C,  by  p r e f e r e n c e   at  l e a s t   45  °C.  

11.  Process   a c c o r d i n g   to  c laims  1-10,  c h a r a c t e r i z e d   in  tha t   at  t h e  

t e m p e r a t u r e   a p p l i e d   the  h a l f - l i f e   pe r iod   of  the  compound  y i e l d i n g  

w a t e r - s o l u b l e   f ree   r a d i c a l s   is  s m a l l e r   than  one  h o u r .  

12.  Process   a c c o r d i n g   to  c laims  1-11,  c h a r a c t e r i z e d   in  t h a t   t h e  

compound  y i e l d i n g   w a t e r - s o l u b l e   f ree   r a d i c a l s   is  chosen  from  t h e  

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

and  p e r s u l p h a t e s .  

13.  Polymers  p r epa red   a c c o r d i n g   to  the  p rocess   of  c laims  1 - 1 2 .  

14.  P roduc t s   f u l l y   or  p a r t l y   c o n s i s t i n g   of  the  polymers  a c c o r d i n g   t o  

claim  13.  
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