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Summary 
Two k i n d s  o f  EPDH r u b b e r  were b u l k  f u n c t i o n a t i z e d  w i t h  

m a l e i c  a n h y d r i d e ,  u s i n g  d i cumy l  p e r o x i d e  as r a d i c a l  s o u r c e ,  
in the  p r e s e n c e  o f  s t a b i l i z e r s  and e l e c t r o n  donor  in o r d e r  
t o  m i n i m i z e  d e g r a d a t i v e  o x i d a t i o n .  D i f f e r e n t  p e r o x i d e  t y p e  
i n i t i a t o r s  were t e s t e d  a i m i n g  to  c o n t r o l  o x i d a t i o n  w i t h o u t  
d e l e t e r i o u s l y  a f f e c t i n g  g r a f t i n g  e f f i c i e n c y .  

I n t r o d u c t i o n  
Bu lk  m o d i f i c a t i o n  o f  EPDH r u b b e r s  w i t h  m a l e i c  a n h y d r i d e  

(HAH) in the  p r e s e n c e  o f  p e r o x i d e  t ype  i n i t i a t o r s  leads  to  
s i d e  r e a c t i o n s  such as c r o s s l i n k i n g  and o x i d a t i v e  
d e g r a d a t i o n  [ 1 - 3 ] .  The dependence o f  g r a f t i n g  e f f i c i e n c y  on 
[ P r i m a r y  R a d i c a l s ] / [ H A H ]  r a t i o  can o n l y  be c o m p l e t e l y  
e x p l a i n e d  by an a l t e r n a t i v e  mechanism based on the  
o c c u r r e n c e  o f  HAH e x c i t e d  s p e c i e s  ( e x c i m e r )  in r e a c t i o n  
medium [ 2 , 4 - 6 ] .  As the  e x c i m e r  is  i o n i c  in n a t u r e ,  e l e c t r o n  
d o n o r s  such as N , N - d i a l k y l a m i d e s  and s t e a r a m i d e  have been 
t e s t e d  in d e g r a d a t i o n  a n d / o r  c r o s s l i n k i n g  c o n t r o l  e i t h e r  in 
s o l u t i o n  o r  in b u l k  m o d i f i c a t i o n  o f  PP, LDPE, and EPR [ 2 , 4 -  
5 ] .  However ,  no d e t a i l s  o f  t h e i r  i n f l u e n c e  on g r a f t i n g  
e f f i c i e n c y  were f o u n d .  

The o b j e c t i v e  o f  t h i s  work was to  i n v e s t i g a t e  the  
e f f e c t  o f  s t a b i l i z e r s  and e l e c t r o n  d o n o r s  in g r a f t i n g  
e f f i c i e n c y  and r e l a t i v e  o x i d a t i o n  e x t e n t  o f  b u l k  m o d i f i e d  
EPDH r u b b e r .  The i n f l u e n c e  o f  p e r o x i d e  t y p e  was a l s o  s t u d i e d  
a i m i n g  to  o p t i m i z e  r e a c t i o n  c o n d i t i o n s .  

E x p e r i m e n t a l  
The m o d i f i c a t i o n  r e a c t i o n  was c a r r i e d  ou t  in  a m i x i n g  

chamber o f  a B r a b e n d e r - ] i k e  r h e o m e t e r  (Rheomix  600 o f  Haake 
System 4 0 ) .  EPDH-A c o n t a i n s  41 .3  w % o f  p r o p y l e n e  and 4 .0  w 
% o f  d i e n e .  EPDH-B c o n t a i n s  36 .2  % o f  p r o p y i e n e  and 9 .6  w % 
o f  d i e n e .  A p h e n o l i c  a n t i o x i d a n t  (AO-A) ,  a p h o s p h i t e  
a n t i o x i d a n t  (AO-B) ,  and a p o l y m e r i c  h i n d e r e d  amine (HALS) 
were t e s t e d  as t h e r m a l  s t a b i l i z e r s .  B i s - e t h y l e n e - s t e a r a m i d e  
(EBA) was used as amide t ype  e l e c t r o n  d o n o r .  Tes t s  were 
p e r f o r m e d  in t he  p r e s e n c e  o f  d i cumy l  p e r o x i d e  ( I N - C ) .  O t h e r  
i n i t i a t o r s  t e s t e d  w i t h o u t  the  a d d i t i o n  o f  s t a b i l i z e r s  were :  
1 , 1 ' - d i ( t - b u t y l p e r o x y ) - 3 , 3 , 5 - t r i m e t h y l  c y c l o h e x a n e  ( I N - A ) ,  
t - b u t y l p e r o x y  a c e t a t e  ( I N - B ) ,  2 , 5 - d i m e t h y l - 2 , 5 - d i ( t -  

* C o r r e s p o n d i n g  a u t h o r  
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b u t y t p e r o x y )  hexane ( I N - D ) ,  and d i - t - b u t y l  p e r o x i d e  ( I N - E ) .  
M o d i f i e d  r u b b e r  was c h a r a c t e r i z e d  by FTIR,  as p r e v i o u s l y  
d e s c r i b e d  [ 7 ] .  

R e s u l t s  and d i s c u s s i o n  

I n f l u e n c e  o f  s t a b i l i z e r  and e l e c t r o n  dono r  

O v e r a l l  r e s u l t s  o b t a i n e d  a re  shown in T a b l e  1, 
Depend ing  on the  [ P r i m a r y  R a d i c a l s ] / [ M A H ]  r a t i o ,  the  e x c i m e r  
c o n c e n t r a t i o n  i s  a l t e r e d ,  b e i n g  h i g h e r  when the  r a t i o  i s  
i n c r e a s e d  [ 5 ] ,  Thus ,  a t  low MAH cha rge  c o n t e n t  and h i g h  
t e m p e r a t u r e s ,  one e x p e c t s  h i g h  e x c i m e r  c o n c e n t r a t i o n ,  Under  
t h e s e  c o n d i t i o n s  o n l y  t he  s t r o n g  r a d i c a l  s c a v e n g e r  
s t a b i l i z e r  (AO-A)  was e f f i c i e n t  in  r e d u c i n g  o x i d a t i o n  
w i t h o u t  a f f e c t i n g  s i g n i f i c a n t l y  the  g r a f t i n g  e f f i c i e n c y .  
However ,  when the  e x c i m e r  c o n c e n t r a t i o n  in  the  medium was 
p r o b a b l y  l o w e r ,  the  a d d i t i o n  o f  p h e n o l i c  a n t i o x i d a n t  
s t r o n g l y  d e p r e s s e d  g r a f t i n g ,  d e s p i t e  o f  i t s  e f f e c t i v e n e s s  in 
r e d u c i n g  o x i d a t i o n .  

The s i g n i f i c a n c e  o f  the  i n f l u e n c e  o f  s t a b i l i z e r s  and 
e l e c t r o n  donor  on the  m o d i f i c a t i o n  was s t a t i s t i c a l l y  
a n a l y s e d  as shown in  T a b l e  2, i n i t i a l l y  a p p l y i n g  a se t  o f  
e x p e r i m e n t s  p i a n n e d  w i t h  t h r e e - v a r i a b l e  f a c t o r i a l  d e s i g n  a t  
two l e v e l s ,  The v a r i a b l e s  chosen were EPDM t y p e ,  s t a b i l i z e r  
o r  donor  in  t he  r e a c t i o n  medium, and MAH c o n t e n t  in  t he  
c h a r g e .  The e f f e c t s  o f  t h e s e  v a r i a b l e s  on g r a f t i n g  
e f f i c i e n c y  (%) and o x i d a t i o n  i ndex  ( IOX)  were c a l c u l a t e d  
a c c o r d i n g  to  Y a t e s '  A l g o r i t h m  [ 8 ] .  

The e x i s t e n c e  o f  an i n t e r a c t i o n  be tween MAH c o n t e n t  in  
t he  cha rge  and p r e s e n c e  o f  s t a b i l i z e r  was o b s e r v e d  . I n  
f o r m u l a t i o n s  w i t h  low MAH c o n t e n t ,  the  p o s i t i v e  e f f e c t  o f  
the  a d d i t i o n  o f  AO-B s u g g e s t e d  t h a t  i t  wou ld  be a d v a n t a g e o u s  
f o r  o p t i m i z a t i o n  by g r a f t i n g .  However ,  when the  s t u d y  was 
b roadened  to  f o u r - v a r i a b l e s  ( t a k i n g  t e m p e r a t u r e  i n t o  
c o n s i d e r a t i o n )  AO-B e x e r t e d  a n e g a t i v e  e f f e c t  on the  
g r a f t i n g  r e a c t i o n .  S i m i l a r  b e h a v i o r  was a l s o  shown by EBA. 
Thus ,  s t a b i l i z e r  a d d i t i o n  caused an o v e r a l l  d e l e t e r i o u s  
e f f e c t  on g r a f t i n g  e f f i c i e n c y  (%),  w h i c h  was i n t e n s i f i e d  in  
h i g h  MAH c o n t e n t  f o r m u l a t i o n s .  I t  i s  w o r t h w i l e  m e n t i o n i n g  
t h a t  d e s p i t e  t he  s l i g h t  p o s i t i v e  e f f e c t  o f  HALS on the  
g r a f t i n g  e f f i c i e n c y ,  i t s  use s h o u l d  be a v o i d e d  even in  low 
MAH c o n t e n t  r e c i p e s ,  because o f  the  c o l o r  o f  the  f i n a l  
p r o d u c t ;  t h i s  i s  one o f  t he  ma jo r  p rob l ems  o f  EPDM-g-MAH 
s y n t h e s i s  [ 3 , 9 ] .  



T a b l e  1 - A d d i t  on o f  s t a b i l i z e r s  o r  e l e c t r o n  d o n o r  i n  
t h e  b u l k  r e a c t i o n  o f  E P D M  w i t h  MAH in  t h e  
p r e s e n c e  o f  I N - C ,  O v e r a l l  r e s u l t s ,  
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R e a c t i o n  % o f  [OX o f  EPDH A % o f  [OX o f  EPDM B 
C o n d i t i o n s  EPDM A ( A 1 7 1 a / A 1 4 8 5 )  EPDM B ( A 1 7 1 3 / A 1 4 e s )  

A O - A / T - / H -  19 2 1 . 2 0  0 . 0  1 O0 

A O - B / T - / M -  62 3 1 . 3 9  6 1 . 9  0 85 

H A L S / T - / M -  68 6 1 , 7 2  5 4 . 9  1 38 

EBA / T - / M -  50 2 1 , 3 6  6 1 . 2  1 20 

A O - A / T - / M +  23 7 1 , 6 7  0 , 0  1 28 

A O - B / T - / M +  22 8 1 , 1 7  27 .  0 76 

H A L S / T - / M +  31 4 1 . 4 5  43 5 1 ,41  

EBA / T - / H +  44 3 1 . 8 2  15 5 0 , 6 8  

A O - A / T + / M -  52 8 0 . 9 9  57 0 0 . 9 1  

A O - B / T + / M -  60 7 1 34 61 1 1 .01 

H A L S / T + / M -  60 1 1 57 61 0 1 , 3 5  

EBA / T + / H -  5 7 . 8  1 31 66 3 0 . 9 9  

A O - B / T + / M +  3 7 . 8  1 12 39 8 1 .30  

EBA / T + / M +  34 ,1  1 34 36 1 1 . 16  

N o t e s :  % = g r a f t i n g  e f f f c i e n c y  ( g r a f t e d  MAH x 100 )  
c h a r g e d  MAH 

IOX = o x i d a t i o n  i n d e x  d e t e r m i n e d  by FTIR a p p l y i n g  
p s e u d o - a b s o r b a n c e  ( A )  r a t i o  [ 7 ] ,  

T -  = l ow  m i x i n g  t e m p e r a t u r e  ( 1 2 0  0 C ) .  
T+ = h i g h  m i x i n g  t e m p e r a t u r e  ( 1 4 0  0 C ) ,  
M- = l ow  MAH c h a r g e  c o n t e n t  ( 2 , 5  p h r ) ,  
M+ = h i g h  MAH c h a r g e  c o n t e n t  ( 5 . 0  p h r ) ,  
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T a b l e  2 - A d d i t i o n  o f  s t a b i l i z e r s  o r  e l e c t r o n  d o n o r  in  
t h e  b u l k  r e a c t i o n  o f  EPDH w i t h  MAH in  t h e  
p r e s e n c e  o f  IN -C  - S t a t i s t i c a l  a n a l y s i s ,  

R e a c t i o n  S o u r c e  o f  D e g r e e  o f  Fc Fc f o r  F.95 E f f e c t  
C o n d i t i o n s  V a r i a t i o n  F r e e d o m  f o r  % IOX on %/ IOX 

AO-A * D o n o r  1 < 1 , 0 0  8 . 5 4  6 , 6 t  - 1 6  0 / - 0 . 4  

AO-A * D o n o r / M  1 6 . 8 5  2 , 7 8  6 . 6 t  -41 0 / + 0 , 0  

AO-B * D o n o r  1 4 . 4 6  6 . 0 0  6 .61  +20 3 / - 0 , 4  

AO-8 * D o n o r / M  t 1 1 , 9 9  7 , 6 0  6 ,61  - 3 3  0 / + 0 . 5  

AO-B ~*  D o n o r  1 4 , 7 2  1 5 , 0 0  4 , 6 7  - 1 0  9 / - 0 , 5  

AO-B *~  H 1 3 5 . 0 9  1 .61  4 . 6 7  -2  9 / - 0 . 2  

HALS �9 Dono r  1 5 ,21  < 1 , 0 0  6 .61  + 1 9 . 0 / - 0 . 1  

HALS * D o n o r / H  1 1 0 , 7 5  < 1 . 0 0  6 ,61  - 2 7 . 3 / - 0 . 2  

EBA * D o n o r  1 < 1 . 0 0  5 , 9 4  6 .61  + 5 , 8 / - 0 . 5  

EBA * D o n o r / H  1 2 , 0 3  1 . 3 3  6 ,61  - 2 4 , 9 / - 0 . 3  

EBA * *  D o n o r  1 5 , 7 4  5 , 9 7  4 , 7 5  - 1 3 , 4 / - 0 , 3  

EBA * *  H 1 2 2 . 3 6  2 . 0 0  4 , 7 5  - 2 6 , 6 / + 0 . 2  

N o t e s :  �9 - t h r e e - v a r i a b l e  f a c t o r i a l  d e s i g n  a t  two  l e v e l s ,  
�9 ~ - f o u r - v a r i a b l e  f a c t o r i a l  d e s i g n  a t  two  l e v e l s .  

M - s o u r c e  o f  v a r i a t i o n  i s  MAH c h a r g e  c o n t e n t ,  
Dono r  - s o u r c e  o f  v a r i a t i o n  i s  d o n o r  o r  s t a b i l i z e r .  

Fc f o r  % / - c a l c u l a t e d  F d i s t r i b u t i o n  f a c t o r  o f  t h e  e f f e c t  
Fc f o r  IOX on g r a f t i n g  e f f i c i e n c y  (%) o r  on IOX, 

F,95 - t h e o r e t i c a l  F d i s t r i b u t i o n  f a c t o r  f o r  95 % o f  
c o n f i d e n c e  i n t e r v a l .  

+ - e f f e c t  o f  i n c r e a s i n g  % o r  IOX, 
e f f e c t  o f  d e c r e a s i n g  % o r  IOX. 

I n f l u e n c e  o f  i n i t i a t o r  t y p ~  

T a b l e  3 shows t h e  r e s u l t s  o b t a i n e d  when t h e  t y p e  o f  
i n i t i a t o r  was c h a n g e d ,  D e c o m p o s i t i o n  t e m p e r a t u r e s  o f  t h e  
p e r o x i d e s  t e s t e d  i n c r e a s e  in t h e  f o l l o w i n g  o r d e r :  IN -A<  < I N -  
B < IN -C  < IN -D  < I N - E  [ 1 0 ] .  



T a b l e  3 - B u l k  m o d i f i c a t i o n  o f  E P D M  w ' i t h  HAH u s i n g  
d i f f e r e n t  t y p e s  o f  p e r o x i d e  i n i t i a t o r s ,  O v e r a l l  
r e s u l t s .  
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R e a c t i o n  % o f  tOX o f  EPDM A % o f  IOX o f  EPDN B 
C o n d i t i o n s  EPDM A ( A 1 7 1 a / A 1 4 8 5 )  EPDH B ( A 1 7 1 a / A 1 4 6 5 )  

i N - A / T - / H -  6 9 . 5  1 . 5 9  8 3 . 9  1 . 5 0  

I N - B / T - / H -  6 4 . 6  1 . 3 7  7 3 . 7  0 75 

I N - C / T - / N -  7 4 . 8  1 . 3 9  9 1 . 3  1 40 

I N - D / T - / H -  7 2 . 3  1 . 3 3  8 3 . 5  0 63 

I N - E / T - / H -  1 4 . 9  0 . 4 5  0 . 0  0 32 

I N - A / T - / H +  4 8 . 0  2 . 1 6  3 3 . 5  1 82 

I N - B / T - / M +  5 7 . 8  1 . 9 8  4 1 . 6  1 64 

I N - C / T - / H +  5 2 . 7  2 . 0 8  3 5 . 9  1 51 

I N - D / T - / H +  63 .1  1 . 7 6  2 8 . 6  1 27 

I N - E / T - / H +  7 . 4  1 . 0 4  6 . 6  0 80 

I N - A / T + / H -  6 1 . 3  1 . 5 8  7 4 . 6  1 , 5 7  

I N - B / T + / M -  5 4 . 8  1 . 5 3  81 .1  1 .51 

I N - C / T + / H -  5 9 . 6  1 . 3 4  7 9 . 8  1 . 4 4  

I N - D / T + / H -  4 4 . 7  1 . 5 5  8 5 . 9  1 . 6 6  

I N - E / T + / M -  5 9 . 9  1 . 4 6  7 7 . 2  1 . 4 6  

I N - B / T + / H +  51 .1  2 . 4 8  3 9 . 8  1 .81  

I N - C / T + / M +  3 8 . 7  1 .71 5 5 . 7  1 . 7 0  

I N - D / T + / M +  3 1 . 6  1 .81 5 7 . 6  1 . 6 6  

N o t e :  A b b r e v i a t i o n s  as in  T a b l e  1 and E x p e r i m e n t a l .  

When IN -E  was u s e d  a t  l ow  t e m p e r a t u r e s ,  an i n t e n s e  
d e c r e a s e  in  g r a f t i n g  e f f i c i e n c y  was o b s e r v e d .  T h i s  e f f e c t  
was p r o b a b l y  due t o  low r a d i c a l  c o n c e n t r a t i o n  in  t h e  
r e a c t i o n  m e d i u m ,  w h i c h  i s  s i m i l a r  t o  t h e  e f f e c t  o f  t h e  
a d d i t i o n  o f  a s t r o n g  r a d i c a l  s c a v e n g e r  ( A O - A )  in  IN -C  
i n i t i a t e d  r e a c t i o n .  The use o f  a f a s t  i n i t i a t o r  ( I N - A )  
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i n c r e a s e d  t h e  o x i d a t i o n  i n d e x ,  as w e l l  as t h e  c o l o r  o f  t h e  
f i n a l  p r o d u c t .  

The s t a t i s t i c a l  a n a l y s i s  o f  t h e  i n f l u e n c e  o f  i n i t i a t o r  
and EPDH t y p e  on g r a f t i n g  e f f i c i e n c y  and o x i d a t i o n  i n d e x  i s  
shown in  T a b l e  4 .  

T a b l e  4 - S u l k  m o d i f i c a t i o n  
d i f f e r e n t  t y p e s  
S t a t i s t i c a l  a n a l y s i s .  

o f  EPDH w i t h  
o f  p e r o x i d e  

HAH u s i n g  
i n i t i a t o r s .  

R e a c t i o n  S o u r c e  o f  D e g r e e  o f  Fc Fc f o r  F.95 E f f e c t  
C o n d i t i o n s  V a r i a t i o n  F r e e d o m  f o r  % IOX on ~ / [ O X  

T + / M -  I n i t i a t o r  4 0 09 7 . 4 0  6 . 3 9  NS/HS 

T + / H -  EPDH 1 23 60 3 . 3 3  7 .71  HS/NS 

T - / H +  I n i t i a t o r  4 8 40 4 0 . 4 0  6 . 3 9  HS/HS 

T - / H +  EPDH 1 9 57 4 4 . 9 8  7 .71  HS/HS 

T - / H +  I n i t i a t o r  3 0 62 1 1 . 7 5  9 . 2 8  NS/HS 

T - / H +  EPDH 1 19 09 5 7 . 7 8  1 0 . 1 3  HS/HS 

�9 ~ I n i t i a t o r  1 < 1 . 0 0  7 . 9 7  4 . 8 4  + 0 . 4 / + 0 . 4  

�9 * H 1 3 8 , 4 1  1 0 , 8 5  4 . 8 4  - 2 7 . 4 / + 0 , 5  

�9 * EPDH/H 1 6 . 9 3  < 1 . 0 0  4 . 8 4  - 1 1 . 6 / - 0 . 1  

�9 ~ T / E P D H / [ n i t  1 6 ,01  1 . 7 9  4 . 8 4  - 1 0 , 8 / - 0 . 2  

N o t e s :  ~ - f o u r - v a r i a b l e  f a c t o r i a l  d e s i g n  a t  t w o  l e v e l s  
NS - n o n - s i g n i f i c a n t  e f f e c t  a t  95 �9 o f  c o n f i d e n c e .  
HS - h i g h l y  s i g n i f i c a n t  e f f e c t  a t  95 % 

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

o f  

A t  tow e x c i m e r  c o n c e n t r a t i o n s  t h e  t y p e  o f  i n i t i a t o r  
s l i g h t l y  i n f l u e n c e d  g r a f t i n g  e f f i c i e n c y :  Fc = F .95 f o r  f o u r  
d e g r e e s  o f  f r e e d o m  and Fc < F.95 f o r  t h r e e  d e g r e e s  o f  
f r e e d o m  (when  [ N - E  was n o t  c o n s i d e r e d ) .  On t h e  o t h e r  h a n d ,  
t h e  e f f e c t  o f  i n i t i a t o r  on t h e  o x i d a t i o n  i n d e x  was 
s i g n i f i c a n t  (Fc > F .95 f o r  e v e r y  a n a l y s i s ) .  A t  h i g h  e x c i m e r  
c o n c e n t r a t i o n ,  t h e  t y p e  o f  i n i t i a t o r  o n l y  i n f l u e n c e d  
o x i d a t i o n  i n d e x ,  w i t h o u t  a f f e c t i n g  g r a f t i n g  e f f i c i e n c y ;  t h i s  
shows t h a t  o x i d a t i o n  c o n t r o l  was b e t t e r  a c h i e v e d  by c h a n g i n g  
t h e  t y p e  o f  i n i t i a t o r  t h a n  by a d d i n g  s t a b i l i z e r s .  

I n  e x p e r i m e n t s  a t  a h i g h  t e m p e r a t u r e  and tow HAH 
c o n t e n t ,  EPDH t y p e  had a s i g n i f i c a n t  e f f e c t  o n l y  on g r a f t i n g  
e f f i c i e n c y  ( % ) ;  t h i s  i s  p r o b a b l y  due t o  h i g h  e x c i m e r  



c o n c e n t r a t i o n  in the  r e a c t i o n  medium, wh ich  wou ld  induce  no t  
o n l y  polyMAH p r o p a g a t i o n ,  but  a l s o  d e g r a d a t i o n  r e a c t i o n s ,  
and i n c o r p o r a t i o n  o f  MAH sma l l  b l o c k s  in EPDM. The s o l u b l e  
p o r t i o n  o f  deg radaded  r u b b e r  was found  to  be h i g h l y  
f u n c t i o n a l i z e d  [ 6 ] ,  and i t s  e x t r a c t i o n  d u r i n g  p u r i f i c a t i o n  
p r o c e d u r e  [ 3 , 6 ]  wou ld  a c c o u n t  f o r  the  a p p a r e n t  d e c r e a s e  in 
the  g r a f t i n g  e f f i c i e n c y  o b s e r v e d  when EPDM A was a p p l i e d .  At 
low e x c i m e r  c o n c e n t r a t i o n ,  EPDM t ype  s t r o n g l y  i n f l u e n c e d  
e f f i c i e n c y  (%) o r  IOX. In t hese  cases the  c o n c e n t r a t i o n  o f  
MAH e x c i t e d  s p e c i e s  wou ld  be i n s u f f i c i e n t  to  form MAH sma l l  
b l o c k s ,  bu t  wou ld  be enough f o r  i n d u c i n g  c h a i n  b r e a k i n g  
r e a c t i o n s  when the  p r o p y l e n e  c o n t e n t  o f  t he  r u b b e r  was h i g h .  
As a consequence  h i g h e r  g r a f t i n g e f f i c i e n c y  and h i g h e r  IOX 
were o b t a i n e d  when EPDM A was used.  

To q u a n t i f y  the  e f f e c t  o f  the  i n i t i a t o r  t y p e ,  f o u r -  
v a r i a b l e  f a c t o r i a l  d e s i g n  a t  two l e v e l s  was a p p l i e d .  R a p i d l y  
decompos ing  i n i t i a t o r  ( I N - A )  was used in h i g h  l e v e l  
f o r m u l a t i o n s ,  whereas  IN-D was used in low l e v e l  
f o r m u l a t i o n s .  S t a t i s t i c a l  a n a l y s i s  ( T a b l e  4) c o n f i r m e d  the  
lack  o f  i n f l u e n c e  o f  i n i t i a t o r  t ype  on %, as w e l l  as i t s  
e f f e c t  on l o w e r i n g  the  o x i d a t i o n  index  (when IN-D was u s e d ) .  
A n e g a t i v e  i n t e r a c t i o n  on % was a p p a r e n t  when h i gh  d i e n e  
c o n t e n t  EPDM was used.  Thus, a c c o r d i n g  to  s t a t i s t i c a l  
a n a l y s i s  the  c h o i c e  o f  the  bes t  i n i t i a t i n g  system depends on 
the  p r o c e s s  c o n d i t i o n s ,  m a i n l y  on the  t ype  o f  EPDM. 
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