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@  Heat  stabilized  thermoplastic  resins  containing  compounds  with  phosphorus  to  phosphorus  bonds. 

This  invention  relates  to  thermoplastic  resin  composi- 
tions  containing  an  organo-phosphorus  compound.  The 
organo-phosphorus  compound  has  one  of the  formulas 

wherein  a  is  independently  0  or  1,  n  is  3  to  6,  X  is  oxygen  or 
sulfur,  R1;  R2  and  R3  are  independently dialkylamino,  alkoxy, 
aryloxy,  alkyl,  aryi,  alkaryl,  aralkyl,  or  R1  and  R2 taken  with  the 
phosphorus  atom  represent  a  cyclic  structure  having  only 
carbon,  phasphorus  and  oxygen  atoms  in  the  cyclic  struc- 
ture.  The  thermoplastic  resin  compositions  of  this  invention 
are  resistant to  discoloration. 



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

p h o s p h o r u s   to  p h o s p h o r u s   b o n d   a r e   u s e f u l   to  s t a b i l i z e  

t h e r m o p l a s t i c   p o l y m e r s   or   r e s i n s   f rom  t he   e f f e c t s   o f  

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

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

p h o s p h o r u s   to  p h o s p h o r u s   b o n d s .  

The  i n v e n t i o n   i s   d i r e c t e d   to  a  c o m p o s i t i o n  

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

a m o u n t   of   an  o r g a n o - p h o s p h o r u s   c o m p o u n d   h a v i n g   one  o f  

t h e   f o r m u l a s  

w h e r e i n   a  i s   i n d e p e n d e n t l y   0  o r   1,  n  i s   3  to   6,  X  i s  

o x y g e n   or   s u l f u r ,   R1,  R2  and   R3  a r e   i n d e p e n d e n t l y   d i a l k y l -  

a m i n o ,   a l k o x y ,   a r y l o x y ,   a l k y l ,   a r y l ,   a l k a r y l ,   a r a l k y l ,  

R1  and  R2  t a k e n   w i t h   t h e   P  a tom  r e p r e s e n t   a  c y c l i c   s t r u c -  

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

t he   c y c l i c   s t r u c t u r e .  



A  p r e f e r r e d   s p e c i e s   of  t h e   i n v e n t i o n   i s   a  

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

of   the  f o r m u l a  

The  b l e n d s   or   c o m p o s i t i o n s   of   t h i s   i n v e n t i o n  

a r e   t h u s   u s e f u l   to   make  m o l d e d   p a r t s   as  in   t h e   i n j e c -  
t i o n   m o l d i n g   of   d i v e r s e   a r t i c l e s   s u c h   a s ,   f o r   e x a m p l e ,  

c u p s ,   g l a s s e s ,   v a l v e   f i t t i n g s   and  a p p l i a n c e   c o v e r s .  

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

can   be  u s e d   in   t h e   c o m p o s i t i o n s   of   t h i s   i n v e n t i o n   a r e  
i l l u s t r a t e d   by  p o l y a l k y l e n e s   s u c h   as  p o l y e t h y l e n e ,  

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

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

s u c h   as  s t y r e n e - b u t a d i 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 s ;   a c r y -  
l i c   p o l y m e r s   s u c h   as  p o l y a c r y l o n i t r i l e s   and   p o l y ( m e t h y l -  

m e t h a c r y l a t e s )   and  r e l a t e d   c o p o l y m e r s ;   p o l y e s t e r s   s u c h  

as  p o l y ( e t h y l e n e   t e r e p h t h a l a t e s ) ;   and  a r o m a t i c   p o l y c a r -  

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

b o n a t e s   w i t h   d i v e r s e   d i h y d r o x y   p h e n o l s .  

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

- t o - p h o s p h o r u s   b o n d   w h i c h   can   be  u s e d   in   t h e   i n v e n t i o n  

a r e   i l l u s t r a t e d   b y ,   and  n o t   l i m i t e d   t o ,   t h e   f o l l o w i n g :  







w h e r e i n   Ph  s i g n i f i e s   t h e   p h e n y l   g r o u p ,  
Me  s i g n i f i e s   t h e   m e t h y l   g r o u p ,  

Et   s i g n i f i e s   t h e   e t h y l   g r o u p ,   a n d  

i - P r   s i g n i f i e s   t h e   i s o p r o p y l   g r o u p .  

F o r   t h e   p u r p o s e s   of   t h i s   i n v e n t i o n   a  s t a b i l i -  

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

a b o u t   0.01  to   a b o u t   1 . 0   p e r c e n t   by  w e i g h t   and  p r e f e r a b l y  

a b o u t   0 . 0 5   to   a b o u t   0 . 2 5   b a s e d   on  t h e   t o t a l  w e i g h t   o f  

t h e   p o l y m e r .  

The  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   may  a l s o  

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

u l t r a   v i o l e t   l i g h t   s t a b i l i z e r s ,   a n t i o x i d a n t s ,   d y e s   a n d  

p i g m e n t s .  



EXAMPLES  1  THROUGH  4  AND 
COMPARATIVE  RUNS  A THROUGH  D 

S t a b i l i z e r   A,  b i s ( 5 , 5 - d i m e t h y l - 2 - o x o - l , 3 , 2 -  

- d i o x a p h o s p h o r i n a n y l ) ,   was  p r e p a r e d   as  f o l l o w s .   I n t o   a  

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

t h e r m o m e t e r ,   and  r e f l u x   c o n d e n s e r   w e r e   c h a r g e d   50  ml  o f  

d r y   b e n z e n e   and  4 .6   g r a m s   ( 0 . 1   m o l e )   s o d i u m : p a r a f f i n  

5 0 : 5 0   d i s p e r s i o n .   The  m i x t u r e   was  s t i r r e d   a b o u t   30 

m i n u t e s   a t   room  t e m p e r a t u r e   w i t h   a  s l o w   n i t r o g e n  p u r g e  

and   t h e n   a  s o l u t i o n   c o n t a i n i n g   15  g r a m s ,   ( 0 . 1   m o l e )   o f  

2 - h y d r o x y - 5 , 5 - d i m e t h y l - 1 , 3 , 2 - d i o x a p h o s p h o r i n a n   d i s s o l v e d  

in   50  ml  of   d r y   b e n z e n e   was  f e d   in   a t   s u c h   a  r a t e   t h a t  

t h e   t e m p e r a t u r e   was  k e p t   b e l o w   30°C .   The  c o n t e n t s   w e r e  

s t i r r e d   f o r   15  m i n u t e s   a t   25°C  and  t h e n   a  s o l u t i o n   o f  

1 2 . 0   g r a m s   ( 0 . 0 6 6   m o l e )   o f   2 - c h l o r o - 2 - o x o - 5 , 5 - d i m e t h y l -  

- 1 , 3 , 2 - d i o x a p h o s p h o r i n a n   d i s s o l v e d   i n   b e n z e n e   (50  m l )  

was  f e d   d r o p w i s e   a t   5  to   7°C.   The  r e a c t i o n   t e m p e r a t u r e  

was  c o n t r o l l e d   by  r a t e   of   a d d i t i o n   and   an  i c e   a c e t o n e -  

- w a t e r   b a t h .   A f t e r   t h e   f e e d   was  i n ,   t h e   r e a c t a n t s   w e r e  

s t i r r e d   and  d i g e s t e d   a t   25°C  f o r   t h r e e   h o u r s .   The  c o n -  

t e n t s   w e r e   a g a i n   c o o l e d   t o   5°C  by  an  e x t e r n a l   s o u r c e   a t  

w h i c h   t i m e   100  ml  of   an  a q u e o u s   5  p e r c e n t   NaHCO3  s o l u t i o n  

was  a d d e d   and   s t i r r e d   f o r   a  few  m i n u t e s .   The  c o n t e n t s  

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

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

was  f i l t e r e d   o f f   t h e n   d r i e d .   I t   h a d   a  m e l t i n g   p o i n t   o f  

2 2 2 ° C .   The  c r u d e   p r o d u c t   was  r e c r y s t a l l i z e d   u s i n g  

C H C l 3 : e t h y l   a c e t a t e   ( 2 : 1 ) ,   f i l t e r e d   t h e n   w a s h e d   w i t h  

w a t e r ,   f i l t e r e d   a g a i n   t h e n   d r i e d .   The  w h i t e   n e e d l e  

c r y s t a l s   w e i g h e d   5 . 1 5   g r a m s   and   h a d   a  m e l t i n g   p o i n t   o f  

2 5 5 ° C .   The  p r o d u c t   was  i d e n t i f i e d   by  p h o s p h o r u s - 3 1  

N u c l e a r   M a g n e t i c   R e s o n a n c e ;   I n f r a r e d ;   and   Mass   S p e c t r o -  

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



S t a b i l i z e r   B  was  p r e p a r e d   as  f o l l o w s .   I n t o   a 

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

and  r e f l u x   c o n d e n s e r   w e r e   c h a r g e d ' 1 7 5   ml  of  b e n z e n e .   T h e  

f l a s k   was  p u r g e d   w i t h   n i t r o g e n   to   r e m o v e   t h e   a i r   and  t h e n  

25  ml  o f   b e n z e n e   was  d i s t i l l e d   o f f   to   r e m o v e   any  t r a c e   o f  

w a t e r .   The  c o n t e n t s   w e r e   c o o l e d   to   25°C  and  t h e n   w i t h  

s t i r r i n g   3 5 . 8   g r a m s   ( 0 . 2   mole )   o f   d i c h l o r o p h e n y l   p h o s p h i n e  

was  a d d e d ,   a l l   a t   o n c e ,   f o l l o w e d   by  t h e   a d d i t i o n   in   t h e  

same  m a n n e r   4 9 . 6   g r a m s   ( 0 . 4   mole )   of   t r i m e t h y l   p h o s p h i t e .  

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

t r a n s f e r r e d   to   a  R i n c o   f l a s k   w h e r e   t h e   b e n z e n e   was  r e m c v e d  

by  d i s t i l l a t i o n   u s i n g   h i g h   v a c u u m   and  90°C  t e m p e r a t u r e .  

The  r e s u l t i n g   p r o d u c t   was  a  c o l o r l e s s   l i q u i d ,   h a v i n g   a  

w e i g h t   of   53  g r a m s ,   and   upon   s t a n d i n g   o v e r n i g h t   b e g a n   t o  

c r y s t a l l i z e .   The  p r o d u c t   was  i d e n t i f i e d   by  P h o s p h o r u s  

31  N u c l e a r   M a g n e t i c   R e s o n a n c e   t o   be  t h e   c o m p o u n d   h a v i n g  

t h e   f o r m u l a :  

S t a b i l i z e r   C  was  p r e p a r e d ' a s   f o l l o w s .   33  g r a m s  

( 0 . 1 5   mo le )   of   c h l o r o d i p h e n y l p h o s p h i n e   and  1 8 . 6   g r a m s  

( 0 . 1 5   m o l e )   o f   t r i m e t h y l   p h o s p h i t e   w a s  f e d   i n t o   a  f l a s k  

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

n i t r o g e n   p u r g e ,   and  r e f l u x   c o n d e n s e r   c o n t a i n i n g   150  m l  

o f   d r y   b e n z e n e .   The  r e a c t i o n   m i x t u r e   was  r e f l u x e d   f o r  

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

t a n t s   w e r e   c o o l e d ,   t r a n s f e r r e d   to   a  r o t a r y   e v a p o r a t o r  

w h e r e   t h e   b e n z e n e   was  r e m o v e d  b y   d i s t i l l a t i o n   u n d e r   v a c u u m .  

42  g r ams   o f   a  s l i g h t l y   y e l l o w i s h   s y r u p   was  r e c o v e r e d .  

A f t e r   s t a n d i n g   f o r   s e v e r a l   d a y s ,  t h e   s y r u p   c r y s t a l l i z e d  

i n t o   a  c o m p o s i t i o n   h a v i n g   a  p a s t e - l i k e   c o n s i s t e n c y .   A f t e r  

e x a m i n a t i o n   by  p h o s p h o r u s - 3 1   NMR,  t h e   p r o d u c t   was  i d e n -  

t i f i e d   as  a  m i x t u r e   o f   20  p e r c e n t   of   ( C 6 H 5 ) 2 - P ( O ) - P - ( O C H 3 ) 2  
and  a b o u t   40  p e r c e n t   o f   ( C 6 H 5 ) 2 - P - P ( C 6 H 5 ) 2 .  



S i l i z e i  D   was  p r e p a r e d   as  f o l l o w s .   1 . 2   g r a m s  

(   mo'  )  o f   m a g n e s i u m   was  w e i g h e d   i n t o   a  125  ml  f l a s k  

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

f u n n e l ,   r2  p u r g e   and  r e f l u x   c o n d e n s e r .  A f t e r   p u r g i n g  

with  N 2   50  ml  of  t e t r a h y d r o f u r a n   was  a d d e d   to   t h e   m a g -  
n e s i u m .   The  c o n t e n t s   w e r e   s t i r r e d   w h i l e   p h e n o l   d i c h l o r o -  

p h o s p h i n e   8.9  g r ams   ( 0 . 0 5   m o l e )   was  f e d   in   d r o p w i s e   w i t h  

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

a  r e a c t i o n   t e m p e r a t u r e   o f   50°  to   60°C .   A f t e r   p h o s p h i n e  

a d d i t i o n   was  c o m p l e t e d   t h e   c o n t e n t s   w e r e   s t i r r e d  a t   5 0 ° C  

f o r   f o u r   h o u r s .   The  r e a c t i o n   m i x t u r e   was  c o o l e d   to   r o o m  

t e m p e r a t u r e   ( 2 5 ° C ) ,   t r a n s f e r r e d   to   a  s e p a r a t i n g   f u n n e l  

and  w a s h e d   w i t h   30  ml  o f   w a t e r .   The  w a t e r   was  r e m o v e d  

and  t h e   o i l   l a y e r   was  a l l o w e d   to   e v a p o r a t e   in   a i r   t o  

a b o u t   50  p e r c e n t   of   t h e   o r i g i n a l   v o l u m e .   Then   a  s e c o n d  

a d d i t i o n   of   30  ml  of   w a t e r   p r e c i p i t a t e d - 2 . 1   g r a m s   of   a  

w h i t e   s o l i d   w h i c h ,   when  r e c r y s t a l l i z e d   f r o m   a c e t o n i t r i l e ,  

gave   a  p r o d u c t   w i t h   a  m e l t i n g   p o i n t   o f   1 5 0 ° C ,   c o n s i s t e n t  

w i t h   r e p o r t e d   l i t e r a t u r e   r e s u l t s .   The  s t r u c t u r e   of   t h e  

c o m p o u n d   was  d e t e r m i n e d   to   be  as  f o l l o w s :  

A  c o p o l y c a r b o n a t e   o f   p h e n o l p h t h a l e i n   and   B i s -  

p h e n o l   A,  h e r e i n a f t e r   known  as  P o l y c a r b o n a t e   E,  w a s  

p r e p a r e d   by  c o n d e n s i n g   1 1 2 . 5   p o u n d s   ( 5 1 . 0   kg)  o f   B i s p h e n o l  

A  and  3 7 . 5   p o u n d s   ( 1 7 . 0   kg)  o f   p h e n o l p h t h a l e i n   w i t h   6 8  

p o u n d s   (31  kg)  of   p h o s g e n e .   The  r e a c t i o n   was  c a r r i e d  

o u t   in  a  s o l u t i o n   o f   1200  p o u n d s   (544  kg)  o f   m e t h y l e n e  

c h l o r i d e   and  1 6 2 . 5   p o u n d s   ( 7 3 . 7   kg)  p y r i d i n e   in   a  2 0 0  

g a l l o n   (757  l i t e r s )   g l a s s - l i n e d   P f a u d l e r   r e a c t o r .   P a r a  

t e r t i a r y   b u t y l   p h e n o l   ( 2 . 1 0   p o u n d s )   ( 0 . 9 5   kg)  was  a d d e d  

is  a  t e r m i n a t e r   to   c o n t r o l   m o l e c u l a r   w e i g h t .  



A f t e r   p o l y m e r i z a t i o n ,   t h e   p y r i d i n e   h y d r o c h l o r i d e  

f o r m e d   in   t h e   r e a c t i o n   and  any  e x c e s s   p y r i d i n e   was  r e m o z e d  

by  c o n t a c t i n g   t h e   p o l y m e r   s o l u t i o n   w i t h   a  s o l u t i o n   of  76 

p o u n d s   (34  kg)  of   12N  HC1  in   30  g a l l o n s   (114  l i t e r s )   o f  

d i s t i l l e d   w a t e r .   An  a l i q u o t   of   t h e   p o l y m e r   s o l u t i o n   i n  

m e t h y l e n e   c h l o r i e   was  r e m o v e d   and  w a s h e d   two  a d d i t i o n a l  

t i m e s   w i t h   30  v o l u m e   p e r c e n t   d i s t i l l e d   w a t e r .   The  w a t e r  

was  s e p a r a t e d   and  r e m o v e d   a f t e r   e a c h   w a s h .   F i n a l   t r a c e s  
of   w a t e r   w e r e   r e m o v e d   by  c o n t a c t i n g   t h e   s o l u t i o n   w i t h  

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

p o l y m e r   p r e c i p i t a t e d   w i t h   h e x a n e ,   and  a i r   d r i e d .  

The  c o p o l y c a r b o n a t e   was  25  w e i g h t   p e r c e n t   p h e n o l -  

p h t h a l e i n   and  had   a  m o l e c u l a r   w e i g h   of  3 3 , 0 0 0   w e i g h t  

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

S t a b i l i z e r s   A,  B,  C  and  D  p r e p a r e d   as  a b o v e  

w e r e   b l e n d e d   w i t h   P o l y c a r b o n a t e   E  u s i n g   e t h a n o l   as  t h e  

s o l v e n t .  

C o m p a r a t i v e   Runs  A,  B,  C  and   D  w e r e   made  e m p l o y i n g  

no  s t a b i l i z e r s   and  two  c o m m e r c i a l l y   a v a i l a b l e   s t a b i l i z e r s .  

S t a b i l i z e r   F  was  t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) - 4 , 4 ' - b i s -  

- ( p h e n y l y l d i p h o s p h o n i t e )   a v a i l a b l e   as  S a n d o s t a b   P - E P Q ® .  

S t a b i l i z e r   G  has   3 , 9 - ( d i ( o c t a d e c y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a -  

- 3 , 9 - d i p h o s p h a s p i r o - 5 , 5 - u n d e c a n e   a v a i l a b l e   as  W e s t o n   6 1 8 ® .  

In  E x a m p l e s   1  t h r o u g h   4  and   C o m p a r a t i v e   Runs  C  and  D,  t h e  

s t a b i l i z e r   l e v e l  w a s   1000  p a r t s   p e r   m i l l i o n .  

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

by  v a c u u m   d r y i n g   a t   110°C  f o r   f o u r   h o u r s .   One  gram  o f  

e a c h   c o m p o s i t i o n   was  w e i g h e d   i n t o   a  s e p a r a t e   13  by  1 0 0  

mm  t e s t   t u b e   and  p u r g e d   w i t h  n i t r o g e n .   The  t e s t   t u b e s  

w e r e   i n s e r t e d   i n t o   a  1 - 3 / 4   i n c h   ( 4 . 4   cm)  d e e p   h o l e   i n  

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



a t   3 5 0 ° C .   The  h e a t   c y c l e   t i m e   was  30  m i n u t e s .   A  n i t r o g e n  

pad   (a  p r e s s u r e   o f . a b o u t   3 . 7   mm  of   m e r c u r y )  w a s   m a i n t a i n e d  

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

A f t e r   t h e   h e a t   c y c l e ,   t h e   s a m p l e   was  c o o l e d .  

The  t e s t   t u b e   was  b r o k e n   a n d   t h e   c o m p o s i t i o n   was  d i s s o l v e d  

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

by  f i l t r a t i o n   and  t h e   f i l t r a t e   was  d i l u t e d   w i t h   m o r e  

m e t h y l e n e   c h l o r i d e   to   make  up  a  100  ml  s o l u t i o n .   T h e  

c o l o r   was  d e t e r m i n e d   on  t h e   s o l u t i o n   by  u s i n g   a  " S p e c -  

t r o n i c "   B a u s c h   and  Lomb  P h o t o m e t e r   a t   350  mµ  and  r e p o r t e d  

in   T a b l e   I  as  p e r c e n t   t r a n s m i t t a n c e .  

EXAMPLE  5  AND  COMPARATIVE  RUN E 

15  p o u n d s   ( 6 . 8   kg)  o f   h i g h   d e n s i t y   p o l y e t h y l e n e  

h a v i n g   a  m e l t   i n d e x   o f   5 . 0   and   a  d e n s i t y   o f   9 . 9 6 2   w a s  

d r y  b l e n d e d   w i t h   0 . 1 2   o u n c e s   ( 3 . 4   g r a m s )   o f   S t a b i l i z e r   A .  

The  m i x t u r e   was  t h e n   d o u b l e - p a s s   e x t r u d e d   a t   1 4 9 ° C   on  a  

1 - 1 / 4   i n c h   ( 3 . 2   cm)  e x t r u d e r   w i t h   a  n i t r o g e n   p u r g e   on  t h e  

f e e d   h o p p e r   o f  t h e   e x t r u d e r .   A f t e r   b l e n d i n g   and   e x t r u d i n g ,  

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

500  p a r t s   p e r   m i l l i o n   o f   S t a b i l i z e r   A  was  d e t e r m i n e d   u s i n g  

ASTM  P r o c e d u r e   D - 1 2 3 8 .  



The  p o l y e t h y l e n e   c o m p o s i t i o n   was  n e x t   s u b j e c t e d  

to  a  m u l t i e x t r u s i o n   t e s t   e m p l o y i n g   t h e   same  e x t r u d e r  

a b o v e ,   b u t   w i t h   t h e   t e m p e r a t u r e   a t  2 6 0 °  C.  Af ten   e a c h  p a s s  

t h r o u g h   t h e   e x t r u d e r ,   the   made  i n d e k   o f  a   s a n d l e   of  t h e  

e x t r u d e d   c o m p o s i t i o n   was  d e t e r m i n e d .   A  d e c r e a s e   in  t h e  

m e l t   i n d e x   s i g n i f i e d   a  b r e a k i n g   down  and  c r o s s l i n k i n g   o f  

t h e   p o l y m e r .   The  b e s t   s t a b i l i z e r   w o u l d   r e s u l t   in  t h e  

s m a l l e s t   c h a n g e   in   t h e   m e l t   i n d e x .   in  C o m p a r a t i v e   Run  E ,  

t h e   same  p o l y e t h y l e n e   as  in   E x a m p l e   5  was  e x t r u d e d   t w i c e  

a t   2 6 0 ° C ,   t h e   p o l y e t h y l e n e   i n  t h e   c o m p a r a t i v e   run   n e t  

c o n t a i n i n g   any  s t a b i l i z e r .  

The  m e l t   i n d e x   v a l u e s   a f t e r   e x t r u s i o n   a r e   r e p o r -  
t e d   i n   T a b l e   I I .  

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

EXAMPLE  6  AND  COMPARATIVE  RUN  F  

300  g r a m s   of   P o l y c a r b o n a t e  E   was  s l u r r i e d   w i t h  

a p p r o x i m a t e l y   2  l i t e r s   of   d i s t i l l e d   w a t e r   in   a  W a r i n g  

B l e n d o r .   W h i l e   t h e   w a t e r - p o l y m e r   s l u r r y   was  v i g o r o u s l y  

a g i t a t e d ,   a  s o l u t i o n   of   1 . 5   g r a m s   of  S t a b i l i z e r   G  in   1 5  

m i l l i l i t e r s   of   m e t h y l e n e   c h l o r i d e   was  s l o w l y  a d d e d .   T h e  

p o l y c a r b o n a t e   p o w d e r   was  t h e n   c o l l e c t e d   on  a  f i l t e r   a n d  

a i r   d r i e d .  



This  p  s c e d u r e   was  r e p e a t e d   a d d i n g   1 . 5   g r a m s   o f  

S t a b i l i z e r   A  to   300  g r ams   o f   P o l y c a r b o n a t e   E  t o   g i v e   a  

c o m p o s i t i o n   c o n t a i n i n g   5000  p a r t s  p e r   m i l l i o n   of   S t a b i l i -  

  A .  

The  two  c o m p o s i t i o n s   w e r e   v a c u u m   oven   d r i e d   a n d  

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

in  a  c i r c u l a t i n g   a i r   o v e n   a t   1 2 0 ° C .   They   w e r e   r e m o v e d  

a t   v a r i o u s   t i m e s   and  t h e i r   y e l l o w   i n d e x   was  d e t e r m i n e d  

a c c o r d i n g   to   A S T M - 1 9 2 5 - 6 3 T .   The  r e s u l t s   o f   t h e   t e s t s  

a r e   shown  in   T a b l e   I I I .  

The  d a t a   in   T a b l e   I I I   shows   t h a t   t h e   p o l y c a r -  

b o n a t e   c o m p o s i t i o n   c o n t a i n i n g   S t a b i l i z e r   A  i s   s u p e r i o r   t o  

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

c o l o r   f o r m a t i o n   as  d e t e r m i n e d   by  t h e   y e l l o w   i n d e x .  



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

p o l y m e r   and  a  s t a b i l i z i n g   a m o u n t   of   an  o r g a n o - p h o s r h e r a s  

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

w h e r e i n   a  i s   i n d e p e n d e n t l y   0  o r   l ,   n  i s   3  to  6,  X  i s  

o x y g e n   o r   s u l f u r ,  R 1 ,   R2  and  R3  a re   i n d e p e n d e n t l y   d i a l k y l -  

a m i n o ,   a l k o x y ,   a r y l o x y ,   a l k y l ,   a r y l ,   a l k a r y l ,   a r a l k y l ,   o r  

R1  and  R2  t a k e n   w i t h   t h e   p h o s p h o r u s   a tom  r e p r e s e n t   a  c y c l i c  

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

in   t h e   c y c l i c   s t r u c t u r e .  

2.  The  c o m p o s i t i o n   as  in   C l a i m   1  w h e r e i n   t h e  

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

3.  The  c o m p o s i t i o n   as  in   C l a i m  1   w h e r e i n   t h e  

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

4.  The  c o m p o s i t i o n   as  in   C l a i m   1  w h e r e i n   t h e  

o r g a n o - p h o s p h o r u s   c o m p o u n d   i s   p r e s e n t   f r o m   0 . 0 1   to  1 . 0  

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