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@  Rubber  modified  polymers. 

The  invention  relates  to  the  field  of  thermoplastic 
moulding  materials,  more  particularly  the  use  of  elastomers 
to  modify  such  materials  to  improve  their  impact  resistance. 

A  problem  with  this  approach  is  that  when  elastomers 
are  blended  with  thermoplastic  polymers  such  as  styrene/ 
acrylonitrile  copolymers  the  flexural  strength  of  the  material 
is  considerably  reduced. 

The  invention  provides  a  thermoplastic  moulding 
material  comprising  styrene/acrylonitrile  copolymer,  an 
elastomeric  material  having  an  elongation  at  break  greater 
than  the  styrene/acrylonitrile  copolymer,  a  polyimide  pre- 
polymer  and  a  reinforcing  filler. 

The  polyimide  prepolymer  is  an  addition  polyimide 
prepared  from  a  polyamine  and  a  bis-imide  of  an  unsaturat- 
ed  carboxylic  acid. 

The  reinforcing  filler  is  glass  fibre  or  mica,  although 
other  fillers  may  be  included  along  with  these. 

The  elastomeric  material  may  be  a  sulphur  vulca- 
nizable  rubber  or  a  thermoplastic  rubber.  if  vulcanizable, 
the  rubber  is  preferably  used  uncured. 

Use  of  the  moulding  material  is  in  the  manufacture  of 
moulded  plastics  articles. 



TECHNICAL  F I E L D  

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

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

on  t h e r m o p l a s t i c s .  

C e r t a i n   t h e r m o p l a s t i c s   m a t e r i a l s   s u c h   as  p o l y s t y r e n e  

and  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   (SAN)  h a v e   e x c e l l e n t  

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

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

I t   i s   w e l l   known  t h a t   b r i t t l e   t h e r m o p l a s t i c s   p o l y m e r s  

s u c h   as  p o l y s t y r e n e   and  SAN  can  be  r e n d e r e d   l e s s   b r i t t l e  

by  i n c o r p o r a t i o n   t h e r e i n   of   r u b b e r .   T h i s   so  c a l l e d  

" t o u g h e n i n g "   can   i n c r e a s e   t h e   i m p a c t   s t r e n g t h   o v e r  

u n t r e a t e d   p o l y m e r   by  a  f a c t o r   of   f r o m   2  to   6.  H o w e v e r ,  

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

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

d e c r e a s e   i n   s t r e n g t h s   and  m o d u l i ,   w h i c h   may  be  up  t o  

50%  l o w e r   t h a n   t h o s e   of   t h e   u n m o d i f i e d   p o l y m e r .  

BACKGROUND  ART 

In  UK  P a t e n t   A p p l i c a t i o n s   N o s . 3 1 3 6 6 / 7 5   and  4 1 1 3 6 / 7 6  

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

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

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

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

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

p r e p a r a t i o n   i s   d e s c r i b e d   in   UK  P a t e n t s   Nos .   1 , 1 9 0 , 7 1 8 ;  

1 , 3 5 5 , 4 0 1 ;   1 , 3 5 5 , 4 0 2 ;   1 , 3 5 5 , 4 0 3 ;   1 , 3 5 5 , 4 0 5 ;   1 , 3 5 5 , 4 0 6  

and  1 , 3 5 5 , 4 0 7 .  



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

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

p r o d u c e d   t h e r e f r o m .  

US  P a t e n t   N o . 3 , 7 1 7 , 6 1 5   d i s c l o s e s   p o l y m e r   c o m p o s i t i o n s  

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

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

I t   a l s o   d i s c l o s e s   t h a t   t h e   m o n o -   and  b i s - i m i d e s   c a n  

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

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

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

in   t h i s   s p e c i f i c a t i o n   a r e ,   h o w e v e r ,   t h e   b a s i s   of   t h e  

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

c a s e   i s   a  t h e r m o s e t   m a t e r i a l .   Where   t h e r m o p l a s t i c s  

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

o f   t h e   m i x t u r e   of   i m i d e s   and   t h e y   a r e   c o - r e a c t e d   i n  

t h e   p o l y m e r i z a t i o n   of   t h e   i m i d e s .  

US  P a t e n t   N o . 3 , 6 7 8 , 0 7 5   d i s c l o s e s   r e a c t i n g   an  o r g a n i c  

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

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

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

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

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

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

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

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

t h e   c o m p o s i t i o n s   d i s c l o s e d .  

DESCRIPTION  OF  THE  INVENTION 

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

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

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

p r o d u c t   of   a  p o l y a m i n e   and  a  b i s - i m i d e   of   an  u n s a t u r a t e d  

c a r b o x y l i c   a c i d   and   b e i n g   c a p a b l e   of   r e a c t i n g   f u r t h e r  

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

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



The  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   i s   a  t h e r m o p l a s t i c  

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

in   t h e   r a n g e   8 5 : 1 5   t o   6 0 : 4 0   by  w e i g h t ,   and  h a v i n g   a  

m e l t   f l o w   i n d e x   (MFI)   of   2  to   2 5 g m s / l O m i n s   a t   2 3 0 ° C  

u n d e r   a  5kg  l o a d .   (The   t e s t   u s e d   f o r   MFI  in   t h i s   c a s e  

i s   B S 2 7 8 2 - 1 0 5 C )   Such   c o p o l y m e r s   a r e   w i d e l y   c o m m e r c i a l l y  

a v a i l a b l e .  

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

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

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

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

t h a n   w o u l d   be  e x p e c t e d   in   v i e w   of   p r i o r   a r t   m e t h o d s  

of   i n c r e a s i n g   t h e   i m p a c t   s t r e n g t h .  

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

m a t e r i a l   h a v i n g   an  e l o n g a t i o n   a t   b r e a k   g r e a t e r   t h a n  

t h e   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 .   I t   i s   p r e f e r r e d  

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

g r e a t e r   t h a n   t h a t   o f   t h e   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 ,  

f o r   e x a m p l e   a t   l e a s t   10  t i m e s   as  g r e a t .   We  h a v e   f o u n d  

t h a t   b o t h   s u l p h u r   v u l c a n i z a b l e   r u b b e r s   and  t h e r m o p l a s t i c  

r u b b e r s   can  be  u s e d ,   v u l c a n i z a b l e   r u b b e r s   p r e f e r a b l y  

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

The  t o u g h e n i n g   a g e n t   i s   i n c l u d e d   in   an  a m o u n t   of   f r o m  

1  t o   50%  by  w e i g h t   ( b a s e d   on  t h e   w e i g h t   of   t h e   t o t a l  

c o m p o s i t i o n ) p r e f e r a b l y   f r o m   1  t o   30%  and  more   p r e f e r a b l y  

f r o m   5  to   20%.  The  t o u g h e n i n g   a g e n t   p r e f e r a b l y   h a s  

a  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   b e l o w   2 0 0 C .  

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

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

and  p o l y u r e t h a n e s .  

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

c o n t a i n i n g   s t y r e n e   e . g .   b l o c k   c o p o l y m e r s   of   s t y r e n e  

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

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

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

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



The  e l a s t o m e r i c   m a t e r i a l   u s e d   m u s t   be  c o m p a t i b l e   w i t h  

t h e   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   i . e .   a b l e   t o   b e  

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

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

of   t h e   c o p o l y m e r   when  so  c o m p o u n d e d ,   i n   t h e   a b s e n c e  

of   o t h e r   m a t e r i a l s .  

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

in   t h e   a m o u n t   of   f r o m   0 . 1   t o   10%  by  w e i g h t   ( b a s e d   o n  

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

0 .5%  to   5 .0%  by  w e i g h t .   P o l y i m i d e s   w h i c h   can   be  u s e d  

a r e   d e s c r i b e d ,   i n t e r   a l i a ,   in   B r i t i s h   P a t e n t   S p e c i f i c a t i o n s  

N o s . 1 , 1 9 0 , 7 1 8 ;   1 , 3 5 5 , 4 0 1 ;   1 , 3 5 5 , 4 0 2 ;   1 , 3 5 5 , 4 0 3 ;   1 , 3 5 5 , 4 0 5 ;  

1 , 3 5 5 , 4 0 6   and  1 , 3 5 5 , 4 0 7 ,   and   a r e  b e l i e v e d   t o   be   f o r m e d  

by  an  a d d i t i o n   r e a c t i o n   b e t w e e n   t h e   p o l y a m i d e   and   t h e  

u n s a t u r a t e d   b i s - i m i d e ,   r a t h e r   t h a n   by  a  c o n d e n s a t i o n  

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

I t   i s   p r e f e r r e d   t h a t   t h e   p o l y i m i d e   p r e p o l y m e r   i s   t h e  

r e a c t i o n   p r o d u c t   of   a  p r i m a r y   d i a m i n e   c o n t a i n i n g   n o t  

more   t h a n   30  c a r b o n   a t o m s   and   an  N , N   b i s   i m i d e   o f  

g e n e r a l   f o r m u l a  

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

a  c a r b o n - c a r b o n   d o u b l e   b o n d ,   and  A  i s   a  d i v a l e n t   r a d i c a l  

c o n t a i n i n g   a t   l e a s t   two  c a r b o n   a t o m s .  



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

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

of  f o r m u l a  

P r e f e r a b l y   t h e   N,Nl   b i s   i m i d e   i s   d e r i v e d   f r o m   a n  @ β  

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

The  r a d i c a l   A  i s   p r e f e r a b l y   an  a r o m a t i c   r a d i c a l   s u c h  

a s  

The  n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   of   t h e   p r e p o l y m e r  

i s   p r e f e r a b l y   no  more   t h a n   5 0 0 0 .  

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

50%  by  w e i g h t   o f   t h e   t o t a l   c o m p o s i t i o n   and  p r e f e r a b l y  

i s   n o t   l e s s   t h a n   15  p e r   c e n t .   The  p a r t i c u l a r l y   p r e f e r r e d  

r a n g e   i s   20  t o   40  p e r   c e n t   by  w e i g h t   of   t h e   t o t a l   c o m p o s i t i o  

The  c o m p o s i t i o n   may  o p t i o n a l l y   a l s o   i n c l u d e   one  o r  

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

b l o w i n g   a g e n t s ,   a n t i s t a t i c   a g e n t s   and   p i g m e n t s .  

T h e s e   s h o u l d   n o t   be  a d d e d   in   s u c h   q u a n t i t i e s ,   h o w e v e r ,  

t h a t   t h e   p r o p o r t i o n   by  w e i g h t   of  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   in   t h e   t o t a l   m o u l d i n g   m a t e r i a l   f a l l s   t o o  

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

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

a t   l e a s t   30%  by  w e i g h t   of   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 .  



The   c o m p o s i t i o n   can   be  p r e p a r e d   by  any  s u i t a b l e   m e t h o d  

s u c h   as  by  m i l l i n g ,   e x t r u s i o n ,   i n j e c t i o n   m o u l d i n g   a l l  

o f   w h i c h   a r e   known  p e r   s e .   The  o r d e r   in   w h i c h   t h e  

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

i s   n o t   i m p o r t a n t .   Fo r   e x a m p l e   t h e   p o l y i m i d e   p r e p o l y m e r  

can   be  a d d e d   to   t h e   b a s e   p o l y m e r   and   t h e   r e s u l t a n t  

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

t h e   p o l y i m i d e   p r e p o l y m e r   can  be  a d d e d   t o   t h e   t o u g h e n i n g  

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

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

can   be  a p p l i e d   as  a  d r e s s i n g   to   t h e   f i l l e r   p r i o r   t o  

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

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

EMBODIMENTS  OF  THE  INVENTION 

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

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

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

s t a t e d .  

EXAMPLE  1 

A  c o m p o s i t i o n   c o n s i s t i n g   o f   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   m a r k e t e d   by  M o n s a n t o   as  "QE  1 0 4 4 " ,   30%  ( b a s e d  

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

TBA  I n d u s t r i a l   P r o d u c t s ,   as  "ECR  1 3 4 6 " ,   2%  of   a  p o l y i m i d e  

p r e p o l y m e r   d e r i v e d   f r o m   an  a r o m a t i c   d i a m i n e   and  a  

b i s - m a l e i m i d e   m a r k e t e d   by  Rhone   P o u l e n c   SA  as  " K e r i m i d  

6 0 1 "   and  5%  n i t r i l e   r u b b e r   m a r k e t e d   by  P o l y s a r   a s  

" K r y n a c   802"   was  p r o d u c e d   by  c o m p o u n d i n g   t h e   c o n s t i t u e n t s  

i n   a  t w i n   s c r e w   e x t r u d e r .   The  n i t r i l e   r u b b e r   h a s   a n  

a c r y l o n i t r i l e   c o n t e n t   o f   28%  and  was  a d d e d   as   u n c u r e d  

c r u m b .  

The  m a t e r i a l s   w e r e   c o m p o u n d e d   on  a  t w i n - s c r e w   e x t r u d e r  

a t   b a r r e l   t e m p e r a t u r e s   o f   2 0 0 ° C ,   1 2 5 ° C ,   125°C  and  1 9 0 ° C  

( d i e )   and  t h e   e x t r u d e d   c o m p o s i t i o n   was  c h o p p e d   i n t o  

p e l l e t s .  



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

i n j e c t i o n   m o u l d i n g   u s i n g   c o n v e n t i o n a l   m o u l d i n g   c o n d i t i o n s  

f o r   r e i n f o r c e 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   ( 2 2 0 / 2 5 0 ° C  

b a r r e l   t e m p e r a t u r e s ) .   The  t e s t   b a r s   were   t e s t e d   f o r  

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

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

a r e   shown  in  t h e   f o l l o w i n g   T a b l e   1 .  

EXAMPLES  2  AND  3 

The  same  p r o c e d u r e   was  f o l l o w e d   as  in   E x a m p l e   1  s a v e  

t h a t   t h e   a m o u n t   of  n i t r i l e   r u b b e r   was  i n c r e a s e d   t o  

10%  ( E x a m p l e   2)  and  15%  ( E x a m p l e   3 ) .   The  p r o d u c t s  

w e r e   t e s t e d   and  t h e   r e s u l t s   a r e   s e t   o u t   in   t h e   T a b l e  

1 .  



COMPARISON  EXAMPLE  4  

A  c o m p o s i t i o n   was  made  i n   t h e   same  m a n n e r   as   i n   E x a m p l e  

1  e x c e p t   t h a t   b o t h   " K e r i m i d   601"   and   t h e   n i t r i l e   r u b b e r  

" K r y n a c   802"   w e r e   o m i t t e d .   T e s t   b a r s   f o r m e d   f r o m   t h e  

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

same  p r o p e r t i e s   as   in   E x a m p l e   1.  The  r e s u l t s   a r e   s e t  

o u t   i n   T a b l e   2 .  

COMPARISON  EXAMPLE  5 

A  c o m p o s i t i o n   was  made  in   t h e   same  m a n n e r   as  in   E x a m p l e  

1  e x c e p t   t h a t   t h e   n i t r i l e   r u b b e r   " K r y n a c   802"   was  o m i t t e d .  

T e s t   b a r s   f o r m e d   f r o m   t h e   c o m p o s i t i o n   by  i n j e c t i o n  

m o u l d i n g   w e r e   t e s t e d .   The  r e s u l t s   a r e   shown  in  T a b l e  

2 .  

COMPARISON  EXAMPLE  6 

A  c o m p o s i t i o n   was  made  in   t h e   same  way  as  in   E x a m p l e  

1  b u t   " K e r i m i d   601"   was  o m i t t e d .   The  r e s u l t s   o f   t e s t s  

made  on  t e s t   b a r s   f o r m e d   f r o m   t h e   c o m p o s i t i o n   a r e   s h o w n  

in   t h e   T a b l e   2 .  



EXAMPLES  7  TO  2 2  

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

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

c o p o l y m e r   o f   E x a m p l e   1.  F o r   c o m p a r i s o n ,   c o m p o s i t i o n s  

of   c o r r e s p o n d i n g   g l a s s   c o n t e n t   w e r e   p r e p a r e d   in   w h i c h  

2  p a r t s   SAN  by  w e i g h t   p e r   100  of   c o m p o s i t i o n   w e r e   r e p l a c e d  

by  t h e   p o l y i m i d e   p r e p o l y m e r   KERIMID  601 ;   f u r t h e r   c o m p o s i t i o n s  

of  c o r r e s p o n d i n g   g l a s s   c o n t e n t   we re   p r e p a r e d   in   w h i c h  

15  p a r t s   of   SAN  p e r   100  of   c o m p o s i t i o n   we re   r e p l a c e d  

by  t h e   n i t r i l e   r u b b e r   KRYNAC  802 ;   and  f u r t h e r   c o m p o s i t i o n s  

of   c o r r e s p o n d i n g   g l a s s   c o n t e n t   w e r e   p r e p a r e d   in   w h i c h  

17  p a r t s   of   SAN  by  w e i g h t   p e r   100  o f   c o m p o s i t i o n   w e r e  

r e p l a c e d   by  2  p a r t s   by  w e i g h t   of   t h e   p o l y i m i d e   p r e p o l y m e r  
KERIMID  601  and  15  p a r t s   by  w e i g h t   of   t h e   n i t r i l e   r u b b e r  

KRYNAC  8 0 2 .  

C o m p o u n d i n g   was  c a r r i e d   o u t   as  in   E x a m p l e   1  and  t h e n  

t e s t   s a m p l e s   w e r e   i n j e c t i o n   m o u l d e d   and  t e s t e d   as  b e f o r e .  

The  p h y s i c a l   p r o p e r t i e s   of   t h e   s a m p l e s   so  o b t a i n e d  

a r e   t a b u l a t e d   in   t a b l e   3,  4,  5  and  6  e a c h   T a b l e   r e p r e s e n t i n g  

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

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

i s   r e p r e s e n t e d   by  " P I "   and  t h e   n i t r i l e   r u b b e r   by  " R " .  

I t   w i l l   be  n o t e d   t h a t   a t   e a c h   g l a s s   c o n t e n t   t h e   a d d i t i o n  
L 

of   t h e   p o l y i m i d e   p r e p o l y m e r   a l o n e   g i v e s   some  i m p r o v e m e n t  

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

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

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

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

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

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

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

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

a l o n e   ( s e e   p a r t i c u l a r l y   t a b l e s   5  and  6 . )  







E x a m p l e s   23  t o   2 6  

T h e s e   e x a m p l e s   show  t h a t   t h e   i n v e n t i o n   can   be  u s e d  

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

r e t a r d a n t s   a r e   p r e s e n t   in   a d d i t i o n   t o   g l a s s   f i b r e s .  

A  c o m p o s i t i o n   was  p r e p a r e d   by  c o m p o u n d i n g   t o g e t h e r  

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

in   t h e   same  m a n n e r   as  d e s c r i b e d   in   E x a m p l e   1.  T h e  

i n g r e d i e n t s   w e r e   60  p a r t s   by  w e i g h t   o f   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   ( M o n s a n t o   QE1044  as  in   E x a m p l e   1 . )   15  p a r t s  

by  w e i g h t   o f   g l a s s   f i b r e s ,   (ECR  1346  as  in   E x a m p l e   1 ) .  

15  p a r t s   by  w e i g h t   o f   t a l c   and  10  p a r t s   by  w e i g h t   o f  

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

a  3 :1   w/w  m i x t u r e   of   _ d e c a b r o m o b i p h e n y l   ( F l a m m e x   B 1 0  

c o m m e r c i a l l y   a v a i l a b l e   f r o m   B e r k   L t d . )   and  A n t i m o n y  

T r i o x i d e .  

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

r e p l a c i n g   ( i )   2  p a r t s   o f   t h e   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   (SAN)  by  2  p a r t s   o f   t h e   p o l y i m i d e   p r e p o l y m e r  

KERIMID  601,   ( i i )   15  p a r t s   o f   t h e   SAN  by  15  p a r t s   o f  

PERBUNAN  N2810  (a   n i t r i l e   r u b b e r   c o n t a i n i n g   28%  b y  

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

f r o m   F a r b e n f a b r i t e n   B a y e r   AG)  and   ( i i i )   7  p a r t s   o f  

SAN  by  2  p a r t s   o f   t h e   KERIMID  601  and   5  p a r t s   o f   t h e  

PERBUNAN  N 2 8 1 0 .  

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

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

t e s t i n g   o f   t h e   m o u l d i n g s   a r e   g i v e n   b e l o w   in   T a b l e   7 .  

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

to   as  " P I "   and   t h e   r u b b e r   as   " R " .  



E x a m p l e s   27  to   3 0  

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

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

F o u r   c o m p o s i t i o n s   w e r e   p r e p a r e d   u s i n g   SAN  and  g l a s s  

as  u s e d   in   E x a m p l e   1.  E a c h   c o m p o s i t i o n   c o n t a i n e d   30% 

by  w e i g h t   of   g l a s s   f i b r e .  

Two  c o m p o s i t i o n s   c o n t a i n e d   5%  by  w e i g h t   of   a  n i t r i l e  

r u b b e r   (KRYNAC  802)   one   h a v i n g   u n c u r e d   r u b b e r   i n c o r p o r a t e d  

i n t o   i t   and  t h e   o t h e r   h a v i n g   c u r e d   r u b b e r   i n c o r p o r a t e d  

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

5%  of   u n c u r e d   and   c u r e d   r u b b e r   r e s p e c t i v e l y   b u t   a d d i t i o n a l l y  

c o n t a i n e d   2%  by  w e i g h t   o f   t h e   p o l y i m i d e   p r e p o l y m e r  

KERIMID  601 .   In  e a c h   c a s e   SAN  made  up  t h e   w h o l e   o f  

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



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

u n d e r   t h e   same  c o n d i t i o n s   as  i n   E x a m p l e   1,  and   t e s t  

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

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

The  c u r e d   r u b b e r   was  a  c o m p o u n d e d   r u b b e r   in   w h i c h   t h e  

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

p r e s s   c u r e d   f o r   10  m i n u t e s   a t   150°C  in   s h e e t s  1 . 5 m m  

t h i c k .   U n d e r   t h e s e   c o n d i t i o n s   t h e   r u b b e r   was  s u b s t a n t i a l l y  

f u l l y   v u l c a n i s e d   i . e .   95%  of   a v a i l a b l e   c r o s s   l i n k i n g  

s i t e s   u s e d   u p .  

The  r u b b e r   f o r m u l a t i o n   w a s : -  

(TMT  i s   t e t r a m e t h y l   t h i u r a m   d i s u l p h i d e )  

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

d i f f e r e n t   c o m p o s i t i o n s   a r e   g i v e n   b e l o w   in   T a b l e   8  i n  

w h i c h   c u r e d   r u b b e r   i s   s i g n i f i e d   by  "CR",   u n c u r e d   r u b b e r  

by  "UR"  and  t h e   p o l y i m i d e   p r e p o l y m e r   by  " P I " .  



T h e s e   r e s u l t s   show  t h a t   t h e   same  s o r t   o f   a d v a n t a g e  

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

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

u n c u r e d   r u b b e r   a r e   u s e d .   H o w e v e r ,   t h e   c u r e d   r u b b e r  

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

t h e   i m p a c t   s t r e n g t h   of   t h e   g l a s s   f i l l e d   SAN  ( T h e s e  

E x a m p l e s   may  be  c o m p a r e d   d i r e c t l y   w i t h   E x a m p l e   4  ( T a b l e   2 )  

w h i c h   g i v e s   t h e   p r o p e r t i e s   of   t h e   g l a s s / S A N   w i t h o u t  

a d d i t i v e s ) .  

E x a m p l e s   31  to   4 2  

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

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

r u b b e r s .   In  e v e r y   c a s e   t h e   c o m p o s i t i o n   was  c o m p o u n d e d  

as  i n   E x a m p l e   1,  u s i n g   t h e   same  t y p e   of   SAN,  g l a s s  



f i b r e   and   p o l y i m i d e   p r e p o l y m e r   as  in   E x a m p l e   1,  t o  

t h e   f o l l o w i n g   f o r m u l a t i o n :   G l a s s   f i b r e   30  p a r t s   b y  

w e i g h t ,   p o l y i m i d e   p r e p o l y m e r   2pbw,   R u b b e r   5pbw  a n d  

SAN  6 3 p b w .  

T e s t   m o u l d i n g s w e r e   made  as   b e f o r e   by  i n j e c t i o n   m o u l d i n g ,  

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

The  r u b b e r s   u s e d   i n   t h e   v a r i o u s   e x a m p l e s   w e r e   as  f o l l o w s : -  

E x a m p l e   3 1  -   "HYCAR  1 4 1 1 " ,   a  n i t r i l e   r u b b e r   c o n t a i n i n g  

41%  by  w e i g h t   of   a c r y l o n i t r i l e ,   t h e  

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

a v a i l a b l e   f r o m   BF  G o o d r i c h .   U s e d   u n c u r e d  
e  

E x a m p l e   3 2  -   "HYCAR  1 4 2 2 " ,   a n o t h e r   n i t r i l e r u b b e r ,  

c o n t a i n i n g   33%  by  w e i g h t   a c r y l o n i t r i l e ,  

a v a i l a b l e   f r o m   B . F .   G o o d r i c h   and   u s e d  

u n c u r e d .  

E x a m p l e   3 3  -   "CHEMIGUM  N8B"  a  n i t r i l e   r u b b e r   c o n t a i n i n g  

32%  by  w e i g h t   a c r y l o n i t r i l e ,   a v a i l a b l e  

f r o m   G o o d y e a r ,   and  u s e d   u n c u r e d .  

E x a m p l e   3 4  -   "PARACRIL  D"  a  n i t r i l e   r u b b e r   c o n t a i n i n g  

45%  by  w e i g h t   a c r y l o n i t r i l e ,   a v a i l a b l e  

f r o m   U n i r o y a l   and  u s e d   u n c u r e d .  

E x a m p l e   3 5  -   "ELASTOTHANE  640"   a  p o l y u r e t h a n e   r u b b e r ,  

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

T h i o k o l   C h e m i c a l   C o r p o r a t i o n .   U s e d  

u n c u r e d .  

E x a m p l e   3 6  -   "CARIFLEX  T R 1 1 0 2 "   a  t h e r m o p l a s t i c   r u b b e r  

a v a i l a b l e   f r o m   S h e l l .   T h i s   i s   an  S -  

B-S  b l o c k   c o p o l y m e r   of   p o l y s t y r e n e  

and   p o l y b u t a d i e n e .  

E x a m p l e s 3 7  -   "SOLPRENE  415"   and  "SOLPRENE  416"   b o t h  

and  38  t h e r m o p l a s t i c   r u b b e r s   a v a i l a b l e   f r o m  

P h i l i p s   P e t r o l e u m .   B o t h   a r e   b l o c k  

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

c o n t a i n i n g   r e s p e c t i v e l y   40%  s t y r e n e  

and  60%  b u t a d i e n e   and   30%  s t y r e n e   a n d  
70%  b u t a d i e n e  



E x a m p l e s   3 9  -   " P o l y b u t y l e n e   G r a d e   20"  and  " P o l y b u t y l e n e  
and   40  G r a d e   0 . 5 "   b o t h   t h e r m o p l a s t i c   r u b b e r y  

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

E x a m p l e   4 1  -   "HYTREL  6 3 4 5 "   a  t h e r m o p l a s t i c   p o l y e s t e r  

e l a s t o m e r   a v a i l a b l e   f r o m   Du  P o n t   d e  

N e m o u r s .  

E x a m p l e   4 2  -   "CYANACRYL  R"  a  s u l p h u r   v u l c a n i z a b l e  

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

A m e r i c a n   C y a n a m i d   C o m p a n y .  

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

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

9  and   1 0 .  



As  can   be  s e e n   f r o m   t h e s e   r e s u l t s ,   b o t h   t h e   s u l p h u r   v u l c a n i z a b l e  

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

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

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

a l o n e .  

T h i s   s e r i e s   of  E x a m p l e s   i s   c o m p a r a b l e   w i t h   E x a m p l e s   4  

and   5  ( T a b l e   2)  w h i c h   show  t h e   p r o p e r t i e s   o f   t h e   g l a s s / S A N  

a l o n e   and   w i t h   2%  of   t h e   p o l y i m i d e   p r e p o l y m e r .  



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

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 ,   an  e l a s t o m e r i c  

m a t e r i a l   h a v i n g   a  e l o n g a t i o n   a t   b r e a k   g r e a t e r   t h a n  

t h e   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  p o l y i m i d e  

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

a n d   a  b i s - i m i d e   of   an  u n s a t u r a t e d   c a r b o x y l i c   a c i d  

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

r e s i n ,   and   a  r e i n f o r c i n g   f i l l e r   c o m p r i s i n g   g l a s s  

f i b r e s   o r   m i c a .  

2 .  A   m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   1  in   w h i c h  

t h e   e l a s t o m e r i c   m a t e r i a l   h a s   an  e l o n g a t i o n   a t   b r e a k  

a t   l e a s t   10  t i m e s   as  g r e a t   as   t h e   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 .  

3.  A  m a t e r i a l   a c c o r d i n g   t o   C l a i m   1  o r   2  i n   w h i c h   t h e  

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

f r o m   1  t o   50%  by  w e i g h t   of   t h e   m o u l d i n g   m a t e r i a l .  

4.  A  m a t e r i a l   a c c o r d i n g   t o   C l a i m   3  in   w h i c h   t h e   e l a s t o m e r i c  

m a t e r i a l   i s   i n c l u d e d   in   an  a m o u n t   of   f r o m   1  t o  

30%  by  w e i g h t .  

5.   A  m a t e r i a l   a c c o r d i n g   t o   C l a i m   4  i n   w h i c h   t h e   e l a s t o m e r i c  

m a t e r i a l   i s   i n c l u d e d   i n   an  a m o u n t   of  f r o m   5  t o  

2 0 % .  

6  A  m a t e r i a l   a c c o r d i n g   t o   any  one   o f   t h e   p r e c e d i n g  

c l a i m s   in   w h i c h   t h e   e l a s t o m e r i c   m a t e r i a l   i s   a  

s u l p h u r   v u l c a n i z a b l e   r u b b e r .  

7.  A  m a t e r i a l   a c c o r d i n g   t o   C l a i m   6  i n   w h i c h   t h e   r u b b e r  

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

8.  A  m a t e r i a l   a c c o r d i n g   to   C l a i m   6  o r  7   i n   w h i c h   t h e  

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

r u b b e r   or   a  p o l y u r e t h a n e .  



9.  A  m a t e r i a l   a c c o r d i n g   t o   any   one   o f   C l a i m s   1  t o  

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

r u b b e r .  

10 .   A  m a t e r i a l   a c c o r d i n g   t o   C l a i m   9  i n   w h i c h   s a i d  

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

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

11 .   A  m a t e r i a l   a c c o r d i n g   t o   any   one   of   t h e   p r e c e d i n g  

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

in   an  a m o u n t   of   f r o m   0 . 1   t o   10%  by  w e i g h t   b a s e d  

on  t h e   w e i g h t   of   t h e   m o u l d i n g   m a t e r i a l .  

12 .   A  m a t e r i a l   a c c o r d i n g   t o   C l a i m   11  i n   w h i c h   t h e   a m o u n t  

o f   p o l y i m i d e   p r e p o l y m e r   i s   in   t h e  r a n g e   0 . 5   t o  

5 .0%  by  w e i g h t   of  t h e   m a t e r i a l .  

13 .   A  m a t e r i a l   a c c o r d i n g   t o   any   one   of   t h e   p r e c e d i n g  

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

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

n o t   m o r e   t h a n   30  c a r b o n   a t o m s   and   an  N,N1  b i s -  

i m i d e   of   g e n e r a l   f o r m u l a  

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

a  c a r b o n - c a r b o n   d o u b l e   b o n d   a n d   A  i s   a  d i v a l e n t  

r a d i c a l   c o n t a i n i n g   a t   l e a s t   two  c a r b o n   a t o m s .  

14 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   13  i n   w h i c h  

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

15 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   14  i n   w h i c h  

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

g r o u p .  



16 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   15  i n   w h i c h  

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

17 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   any  one   of   C l a i m s  

13  t o   16  in   w h i c h   t h e   r a d i c a l   D  i n   t h e   N,N1  b i s -  

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

a c i d .  

18 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   17  i n   w h i c h  

t h e   r a d i c a l   D  i s   d e r i v e d   f r o m   m a l e i c   a c i d .  

19 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   any  one   o f  C l a i m s  

13  t o   18  in   w h i c h   t h e   r a d i c a l   A  i n   t h e   N,N1  b i s -  

i m i d e   i s   an  a r o m a t i c   r a d i c a l .  

2 0 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   19  i n   w h i c h  

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

g r o u p .  

2 1 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   20  i n   w h i c h  

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

2 2 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   any  one   of   C l a i m s  

13  t o   21  i n   w h i c h   t h e   m o l a r   r a t i o   of   b i s - i m i d e  

t o   p o l y a m i n e   i s   i n   t h e   r a n g e   1 . 2   t o   1  up  t o   5 0  

t o   1 .  

23 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   22  i n   w h i c h  

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

t h e   r a n g e   1 . 2   t o   1  up  t o   2 . 9   t o   1 .  

24 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   any  one   o f   t h e  

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

f i l l e r   i s   n o t   m o r e   t h a n   50%  by  w e i g h t   of   t h e   m o u l d i n g  

m a t e r i a l .  



25 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   24  i n   w h i c h  

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

15%  by  w e i g h t   o f   t h e   m o u l d i n g   m a t e r i a l .  

26 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   C l a i m   25  i n   w h i c h  

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

r a n g e   20%  to   40%  by  w e i g h t .  

27 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   any   one   of   t h e  

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

t h a n   g l a s s   f i b r e s   and   m i c a .  

28 .   A  m o u l d i n g   m a t e r i a l   a c c o r d i n g   t o   any   one   of   t h e  

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

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   i s   n o t   l e s s   t h a n  

30%  by  w e i g h t   o f   t h e   m o u l d i n g   m a t e r i a l .  
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