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SU~{ARY 

Mcthylmethacry la te  and s ty rene  were polymerized wi th  Co(acac)3-  
A1Et~Br c a t a l y s t  system in  benzene at 40~ Rate of po lymer i za t i on  i s  
l i n e a r  t o  monomer c o n c e n t r a t i o n s .  Maximum percent  conver s ion  of polymer 
was o b t a i n e d  when A1/Co~ 2 with s ty rene  and A1/Co~3 wi th  methylmethacry-  
l a t e .  With inc rease  i n  ag ing  time c a t a l y t i c  a c t i v i t y  dec reases .  A ~ t i va -  
t i o n  energy was found to  be 60 KJ reel? w i th  s ty rene  and 49 KJ reel.  w i th  
met hylmet h a c r y l a t c .  

L-NT R0 D(l 6T I0N 

Z i e g l c r  c a t a l y s t s  c o n t a i n i n g  metal  a c e t y l a c e t o n a t e s  and aluminum 
a l k y l s  polymcr ize  o l e f i n s  and v i n y l  monomers ( 1 , 2 ) .  A l i t e r a t u r e  s tudy 
r e v e a l s  t h a t  t h e r e  i s  no d e t a i l e d  k i n e t i c  i n v e s t i g a t i o n  on Z i e g l e r  c a t a -  
l y s t s  c o n t a i n i n g  metal  a c e t y l a c c t o n a t c s  and aluminum a l l~ / l s .  Although 
t h e r e  are a few k i n e t i c  d e t a i l s  wi th  t i t a n i u m  c a t a l y s t s  (3-5)  and aluminum 
a l k y l s ,  d e t a i l e d  s tudy with coba l t  s a l t s  and aluminum a l k y l s  on the  po ly -  
m e r i z a t i o n  of v i n y l  monomers are very few. The p resen t  system i s  homo- 
genious and i s  a convenient  one to  fol low the  k i n e t i c s  of v i n y l  po lymer i -  
z a t i o n .  In  t h i s  a r t i c l e  the  r e s u l t s  of k i n e t i c  s t u d i e s  on mothylmetba-  
c r y l a t c  and s t y r e n e  by Co(acac)3-A1Rt2Br c a t a l y s t  are r epor ted .  

EXPERI/I~T AL DI~ AILS 

I n h i b i t o r s  i n  s t y r e n e  and mcthy lmethacry la te  were removed by 
washing wi th  10~ a l k a l i  s o l u t i o n  fo l lowed by d i s t i l l e d  wa te r .  Af t e r  
d ry ing  over  calcium c h l o r i d e ,  the  monomers were d i s t i l l e d  at reduced 
p r e s s u r e  unde r  n i t r o g e n  atmosphere.  The middle f r a c t i o n s  were de ta ined  
and s t o r e d  under  n i t r o g e n  atmosphere. 

Cobalt a c e t y l a c e t o n a t e  was prepared by the  s tandard  procedure  (6) 
and s to red  unde r  n i t r o g e n .  Diethylaluminumbromide was prepared by 
procedures  g iven  i n  the l i t e r a t u r e  (7 ,8 )  and s t o r e d  under  n i t r o g e n .  0.25 M 
s o l u t i o n  of Co(acac)3 and 0.5 M s o l u t i o n  of A1Et2Br were f r e s h l y  prepared 
i n  benzene before  use .  

Benzene was f r e e d  from u n s a t u r a t e d  compounds by repea ted  washings 
wi th  concen t r a t ed  s u l f u r i c  ac id  fo l lowed by water  and d r i ed  over anhydrous 
ca lc ium c h l o r i d e .  I t  was then  f i l t e r e d ,  r e f l uxed  with sodium shavings  
unde r  n i t r o g e n  and d i s t i l l e d  to c o l l e c t  the middle f r a c t i o n .  Ethanol  was 
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FIG. I .  E f | sc t  I f  A I / C o  r a t i o  on P e r c e n t  Convers ion  of P o l y m e r i z a t i o n  by 
CO(OCOC) 3 - A IE t  2 Br  S y s t e m .  
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F I G . 2 .  E f f e c l  of Monomer  C o n c e n t r a t i o n  on Polymer izat ion by Co(ococ )3 "A IE I  2 Br 

System. 
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FIG.S.  E f fec t  of Aging Time on Percen t  Convers ion  of Po lymer iza t ion  by 

Co (ocaC) s -  A I E t 2 B r  S y s t e m .  
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System. 

r e f l u x e d  o v e r  calcium oxide  and d i s t i l l e d  to  c o l l e c t  the middle  f r a c t i o n .  

A l l  o p e r a t i o n s  such as p r e p a r a t i o n  of  the  c a t a l y s t ,  a d d i t i o n  of  
monomers e t c . ,  were c a r r i e d  out i n s i d e  a dry box, which was con t inuous ly  
f l u s h e d  wi th  u l t r a p u r e  n i t r o g e n .  In  t he  p a r t i c u l a r  exper iment ,  benzene 
was added as a s o l v e n t  to  a 75 ml. Er lenmeyer  f l a s k  f o l l o w e d  by Co(acac)3  
s o l u t i o n ,  A1EtoBr s o l u t i o n  and f i n a l l y  monomer. A f t e r  a d d i t i o n  of a l l  
r e a c t a n t s ,  t h c ~ r o a c t i o n  f l a s k  was l i g h t l y  s toppered  and kept in a t he rm o-  
s t a t  a d j u s t e d  to  40~ A f t e r  a d e f i n i t e  r e a c t i o n  t ime ,  the  r e s u l t a n t  
m i x t u r e  was poured i n t o  a c i d i f i e d  e t h a n o l .  The p r e c i p i t a t e  was f i l t e r e d  
t h rough  a s i n t e r o d  g l a s s  funne l ,  d r i e d  at  40~ m Hg and weighed.  

RI~ULTS AND DISCUSSION 

The o r d e r  of a d d i t i o n  of  t he  c a t a l y s t  components and monomers has 
a g rea t  i n f l u e n c e  on the  p o l y m e r i z a t i o n  ( 5 ) .  The a d d i t i o n  of c o b a l t -  
a c e t y l a c e t o n a t e  t o  t he  benzene so lven t  f o l l owed  by dicthylaluminumbromide 
changes t he  green co lour  to  l i g h t  brown, and t h e r e  was no s o l i d  fo rmat ion  
i n d i c a t i n g  the  homogeneous n a t u r e  of the  c a t a l y s t  system. F u r t h e r  a d d i -  
t i o n  of  monomer to  the  c a t a l y s t  did not change i t s  co lour  i n d i c a t i n g  t h a t  
t h e r e  was no complex fo rmat ion  wi th  t he  monomer. 

The A1/Co r a t i o  was v a r i e d  from 1 to  6 in  m e thy lm e thac ry l a t e  and 
from 1 t o  4 in s t y r e n e  p o l y m e r i z a t i o n ,  keeping the  Co(acac)3  c o n c e n t r a -  
t i o n  cons tan t  and changing the  c o n c e n t r a t i o n  of  d ie thyla lumlnumbromide.  
I t  i s  seen in  F ig .  1 t h a t  maximum conve r s ion  to  polymer was ob ta ined  when 
A1/Co = 2 i n  s ty rene  and A1/Co ffi 3 in  m e t h y l m e t h a c r y l a t e ,  and i n c r e a s i n g  
the  AI/Co r a t i o  beyond t h a t  had no e f f e c t  on p recen t  conver s ion .  I t  i s  
b e l i e v e d  t h a t  the  r e a c t i v e  spec i e s  are  formed by the  exchange of  acac 
groups by e thy l  groups in  the  meta l  complex. At r e l a t i v e l y  high A1/Co 
r a t i o s  ( ~ 2 )  a c t i v i t y  of  t he  c a t a l y s t  i s  h igh.  In homogeneous c a t a l y s t  
sys tems ,  s t o i c h i o m o t r i c  complex (1:2 o r  1 : 3 ) w i l l  g ive  t h e  maximum p e r c e n t  
c o n v e r s i o n  (2 ) ,  which was found to  be t he  case in  p r e v i o u s  s t u d i e s  
a l s o  (9). 
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The k ine t i c s  of the reac t ion  shows tha t  the rate of polymerization 
is  l inear ly  propotional  to increase in monomer concentration (F ig .2) .  For 
methylmethacrylate polymerization,  maximum e f f i c i ency  of the ca ta lys t  was 
obsem-ed when the aging time was 20 minutes. For styrene polymerization 
maximum effec iency was reached at the aging time 10 minutes. Further  
increase of aging time decreases the effeciency of the ca ta lys t  (Fig.3) .  
There is general agreement tha t  too ~ c h  of aging of the ca ta lys t  
decreases the c a t a l y t i c  ~c t iv i ty  (10,11). The ac t iva t ion  energy was ca l -  
culated to be 60 KJ mol~ - fo r  styrene and 49 KJ mol~- for  methylmetha- 
cryla te  (F ig .4 ) .  The ac t iva t ion  energies for  prepylene and s tyrene poly-  
merizations are reported (12-14) to be in the range 14 K.Cals and 
9 K.Cals respec t ive ly  ind ica t ing  coordinat ing-anionic  mechanism for  the 
polymerization.  In the present system involving Co(acac)s and AII~2Br 
also a coordinat ing-anionic  mechanism can be assumed to t~ke place.  

The authors are thankful to the UGC, I ~ I A  fo r  the f inancia l  
support .  
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