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,54)  Process  for  the  preparation  of  polyisocyanurate  dispersions  and  compositions  prepared  therefrom. 

Polyisocyanurate  polymers  are  prepared  by  polymeriza- 
tion  of  polyisocyanates  in  organic  solvents  employing 
trimerization  catalysts.  The  polyisocyanates  are  reacted  with 
monofunctional  active  hydrogen  compounds  prior  to 
polymerization  or  subsequent  to  the  polymerization.  These 
polymers  may  be  dispersed  in  polyols  for  the  preparation  of 
cellular  and  non-cellular  polyurethane  products  having  im- 
proved  physical  properties. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  p o l y i s o c y a n u r a t e  

p o l y m e r ,   to  an  i m p r o v e d   p r o c e s s   for   the   p r e p a r a t i o n   o f  

p o l y i s o c y a n u r a t e   d i s p e r s i o n s ,   and  to  c e l l u l a r   and  n o n -  

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

d i s p e r s i o n s .   More  p a r t i c u l a r l y ,   t he   i n v e n t i o n   r e l a t e s   t o  

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

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

in  p o l y o l s ,   and  to  c e l l u l a r   and  n o n - c e l l u l a r   p o l y u r e t h a n e  

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

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

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

v a r i e t y   of  c a t a l y s t s .   Among  t h e s e   a re   U.S .   P a t e n t   N o .  

3 , 9 9 6 , 2 2 3   w h i c h   t e a c h e s   a  p r o c e s s   fo r   p r e p a r i n g   p o l y i s o -  

c y a n a t e s   c o n t a i n i n g   i s o c y a n u r a t e .   s t r u c t u r e s   by  p o l y m e r i z a -  

t i o n   in  t he   p r e s e n c e   of  a  m i x t u r e   of  Mann ich   b a s e s   a n d  

c a r b a m i c   a c i d   e s t e r s .   U.S.   P a t e n t   No.  3 , 6 4 5 , 9 7 9   t e a c h e s   t h e  

use  of  an  o r g a n i c   p h o s p h i n e   c a t a l y s t   to  p r e p a r e   i s o c y a n u r a t e  

s t r u c t u r e s .   U .S .   P a t e n t  , N o .   3 , , 6 5 2 , 4 2 4   t e a c h e s   a  p r o c e s s   f o r  

the   p r e p a r a t i o n   of  p o l y i s o c y a n a t e   c o m p o s i t i o n s   c o n t a i n i n g   5 

to  19  p e r c e n t   by  w e i g h t   t o l u e n e   d i i s o c y a n a t e   t r i m e r   e m p l o y -  

ing  s u b s t i t u t e d   g u a n i d i n e s   and  i s o b i g u a n i d e s   as  c a t a l y s t s .  

U.S .   P a t e n t   No.  4 , 1 2 5 , 4 9 1   t e a c h e s   t he   p r e p a r a t i o n   of  a  

c o m p o s i t i o n   of  m a t t e r   wh ich   c o n s i s t s   of  the   r e a c t i o n   p r o d u c t  



of   t r i m e r i z e d   t o l u e n e   d i i s o c y a n a t e   w i t h   a b o u t   0 . 0 2   to  0 . 2 5  

e q u i v a l e n t ,   b a s e d   on  f r e e   i s o c y a n a t e   g r o u p s ,   of  an  a c t i v e  

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

m o n o a m i n e   c o n t a i n i n g   24  to  36  c a r b o n   a t o m s   or  a  m i x t u r e   o f  

s u c h   amine  w i t h   an  a l i p h a t i c   a l c o h o l   c o n t a i n i n g   12  to  24  

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

h e p t a n e .   Not  more   t h a n   25  p e r c e n t   of  t h e   f r e e   NCO  g r o u p s  

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

T h i s   p a t e n t   f u r t h e r   t e a c h e s   t h e   use   of   t h e   d i s p e r s i o n s   a s  

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

d i s p e r s i o n   in  p o l y e t h e r   p o l y o l   or  p o l y e s t e r   p o l y o l   n o r  

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

i n s t a n t   i n v e n t i o n   a r e   t a u g h t   in  t h i s   p a t e n t .   None  of  t h e  

p r i o r   a r t  t e a c h e s   t he   p r e p a r a t i o n   of  p o l y i s o c y a n u r a t e  

p o l y m e r   w h i c h   i s   r e a d i l y   d i s p e r s e d   in  a  p o l y o l   and  s u b -  

s e q u e n t l y   e m p l o y e d   fo r   the   p r e p a r a t i o n   of  c e l l u l a r   and  n o n -  

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

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

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

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

p o l y o l s   and  t he   p o l y u r e t h a n e   p r o d u c t s   p r e p a r e d   f rom  t h e s e  

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

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   p o l y i s o c y a n u r a t e  

p o l y m e r s   a re   p r e p a r e d   by  p o l y m e r i z a t i o n   of  p o l y i s o c y a n a t e s  

u s i n g   a p p r o p r i a t e   t r i m e r i z a t i o n   c a t a l y s t s .   T h e s e   p o l y i s o -  



c y a n u r a t e   p o l y m e r s   a re   t h e n   d i s p e r s e d   in  p o l y o l s .   T h e  

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

t h e n   e m p l o y e d   for   t he   p r e p a r a t i o n   of  c e l l u l a r   and  n o n -  

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

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

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

S e r i a l   N o .  

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

(a)  p o l y m e r i z i n g   an  o r g a n i c   p o l y i s o c y a n a t e   in  a n  

o r g a n i c   s o l v e n t   in  t he   p r e s e n c e   of  an  e f f e c t i v e   a m o u n t  

of  a  t r i m e r i z a t i o n   c a t a l y s t ,   (b)  d e a c t i v a t i n g   t h e  

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

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

a c t i v e   h y d r o g e n   c o m p o u n d .   The  e x t e n t   of  p o l y m e r i z a t i o n  

is  m o n i t o r e d   by  m e a s u r i n g   t he   f r e e   NCO  c o n t e n t   of  t h e  

m i x t u r e .   A f t e r   t he   f r e e   NCO  c o n t e n t   of  the   m i x t u r e   h a s  

d e c r e a s e d   by  a b o u t   75  p e r c e n t   f rom  the   o r i g i n a l  

c o n t e n t ,   t he   r e s i d u a l   f r e e   NCO  g r o u p s   a re   r e a c t e d   w i t h  

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

B.  In  a n o t h e r  e m b o d i m e n t ,   a  d i s p e r s i b l e   p o l y i s o c y a n u r a t e  

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

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

h y d r o g e n   c o m p o u n d ,   (b)  p o l y m e r i z i n g   s a i d   p r e - r e a c t e d  

p o l y i s o c y a n a t e   in  an  o r g a n i c   s o l v e n t   and  in  t h e  

p r e s e n c e   of  an  e f f e c t i v e   a m o u n t   of  a  t r i m e r i z a t i o n  



c a t a l y s t ,   (c)  d e a c t i v a t i n g   s a i d   c a t a l y s t ,   and  ( d )  

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

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

C.  In  s t i l l   a n o t h e r   e m b o d i m e n t ,   a  d i s p e r s i b l e   p o l y i s o -  

c y a n u r a t e   p o l y m e r   i s   p r e p a r e d   by  (a)  p a r t i a l l y   r e a c t i n g  

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

(b)  p o l y m e r i z i n g   s a i d   p r e - r e a c t e d   p o l y i s o c y a n a t e   in  a n  

o r g a n i c   s o l v e n t   and  in  t he   p r e s e n c e   of  an  e f f e c t i v e  

amoun t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   (c)  d e a c t i v a t i n g  

t he   c a t a l y s t ,   and  (d)  r e a c t i n g   the   r e s i d u a l  f r e e  

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

c o m p o u n d .  

D.  A  f u r t h e r   e m b o d i m e n t   i s   a  d i s p e r s i o n   of  p o l y i s o -  

c y a n u r a t e   p o l y m e r   in  a  p o l y o l   p r e p a r e d   by  (a)  p o l y m e r -  

i z i n g   an  o r g a n i c   p o l y i s o c y a n a t e   in  an  o r g a n i c   s o l v e n t  

in  the   p r e s e n c e   of  an  e f f e c t i v e   amoun t   of  a  t r i m e r i z a -  

t i o n   c a t a l y s t   to  a  f r e e   NCO  c o n t e n t   of  a b o u t . 7 5   p e r c e n t  

of  the   o r i g i n a l   c o n t e n t ,   (b)  d e a c t i v a t i n g   s a i d   t r i m e r i -  

z a t i o n   c a t a l y s t ,   and  (c)  r e a c t i n g   t h e   r e s i d u a l   f r e e  

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

c o m p o u n d .   The  p r o d u c t s   of  p r o c e d u r e s   A-D  a re   t h e n  

mixed  w i t h   a  p o l y o l   and  the   o r g a n i c   s o l v e n t   i s   r e m o v e d  

by  any  a p p r o p r i a t e   m e a n s .  



More  s p e c i f i c a l l y ,   t he   p o l y i s o c y a n u r a t e   p o l y m e r  

may  be  p r e p a r e d   by  t he   p o l y m e r i z a t i o n   of  a  5  to  50  p e r c e n t  

s o l u t i o n   of  an  o r g a n i c   p o l y i s o c y a n a t e   in  e t h y l   a c e t a t e   o r  

any  o t h e r   s u i t a b l e   s o l v e n t   in  t h e   p r e s e n c e   of  c a t a l y t i c  

q u a n t i t i e s   of  a  t r i m e r i z a t i o n   c a t a l y s t .   The  t e m p e r a t u r e   o f  

t h e   m i x t u r e   i s   m a i n t a i n e d   at   a b o u t   50°C  for   up  to  f o u r   h o u r s  

a t   wh ich   t i m e   t he   f r e e   NCO  v a l u e   of  t he   r e a c t i o n   m i x t u r e   i s  

r e d u c e d   to  t he   d e s i r e d   v a l u e .   B e n z o y l   c h l o r i d e ,   e q u a l   i n  

w e i g h t   to  t h a t   of  t he   t r i m e r i z a t i o n   c a t a l y s t ,   is   t h e n   a d d e d  

to  d e a c t i v a t e   s a i d   c a t a l y s t .   A f t e r   m a i n t a i n i n g   t h e  r e a c t i o n  

t e m p e r a t u r e   a t   50°C  fo r   a b o u t   15  m i n u t e s ,   a  m o n o f u n c t i o n a l  

a c t i v e   h y d r o g e n   c o m p o u n d   is   r e a c t e d   w i t h   the   r e s i d u a l   NCO 

g r o u p s .   T h i s   m i x t u r e   is   a l l o w e d   to  r e a c t   at  50°C  for   2 

h o u r s .   I f   d e s i r e d ,   a  c a t a l y s t   s u c h   as  d i b u t y l t i n   d i l a u r a t e  

may  be  e m p l o y e d   to  i n c r e a s e   t h i s   r e a c t i o n   r a t e .   T h e  

r e a c t i o n   c o n t e n t s   a re   t h e n - t r a n s f e r r e d   i n t o   t he   d e s i r e d  

p o l y o l   w h i l e   t he   p o l y o l   is  s t i r r e d   a t   h i g h   s p e e d s .   T h e  

s o l v e n t   is  t h e n   r e m o v e d   by  s t r i p p i n g   at   p r e s s u r e s   of  2 

m i l l i m e t e r s   Hg  and  maximum  t e m p e r a t u r e s   of  70  to  8 0 ° C .  

In  t he   e v e n t   p r o c e d u r e   C  is   e m p l o y e d ,   the   o r g a n i c  

p o l y i s o c y a n a t e   and  the   m o n o f u n c t i o n a l   amine   a re   r e a c t e d   a t  

150°C.   The  c o n t e n t s   a re   t h e n   c o o l e d   to  50°C.   F u r t h e r ,  

r e a c t i o n   c o n d i t i o n s   a re   t h e n   c o n d u c t e d   s i m i l a r   to  t h o s e  

l i s t e d   a b o v e .   Any  of  t he   p o l y m e r s   p r o d u c e d   by  p r o c e d u r e s   A ,  

B,  or  C  may  be  d i s p e r s e d   in  a  p o l y o l   u s i n g   the   p r o c e d u r e   a s  

d i s c l o s e d   a b o v e .   E i t h e r   d u r i n g   the   m i x i n g   or  s o l v e n t  



s t r i p p i n g   o p e r a t i o n ,   the   t e m p e r a t u r e   of  t he   d i s p e r s i o n   i s  

p r e f e r a b l y   n o t   a l l o w e d   to  i n c r e a s e   above   1 0 0 ° C .   T h e  

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

p o l y o l   may  r a n g e   f rom  1  to  80  p e r c e n t   by  w e i g h t ,   p r e f e r a b l y  

f rom  5  to  50  p e r c e n t   by  w e i g h t .  

The  p r o d u c t s   of  t he   i n v e n t i o n   may  be  r e p r e s e n t e d  

by  t h e   f o l l o w i n g   e q u a t i o n   when  the   i s o c y a n a t e   u s e d   i s  

d i f u n c t i o n a l .   C o m p a r a b l e   s t r u c t u r e s   w i l l   be  f o r m e d   w h e n  

t r i - ,   t e t r a -   and  p o l y i s o c y a n a t e s   a re   e m p l o y e d  

w h e r e i n   Z  i s   a t   l e a s t   3  and  Y  i s  



and  w h e r e i n   R'  i s   as  d e s c r i b e d   h e r e i n a f t e r .   A s s u m i n g   t h a t  

R'  i s  



t h e   r e s u l t i n g   f r e e   NCO  c o n t e n t   d e c r e a s e s   f rom  4 8 . 3   p e r c e n t  

to  a b o u t   8 .0  for   one  of  t he   p o l y m e r s   of  t h i s   i n v e n t i o n ,   a n d  

h a s   an  e q u i v a l e n t   w e i g h t   b a s e d   on  end  g r o u p   a n a l y s i s   o f  

522.   The  t r i m e r   of  t o l u e n e   d i i s o c y a n a t e   has   a  f r e e   NCO 

c o n t e n t   of  2 4 . 2   p e r c e n t   and  an  e q u i v a l e n t   w e i g h t   of  1 7 4 .  

The  e q u i v a l e n t   w e i g h t s   of  the   p o l y i s o c y a n u r a t e   p o l y m e r s   o f  

t h e   i n v e n t i o n   a re   g r e a t e r   t h a n   174  and  h a v e   a  f r e e   NCO 

c o n t e n t   of  l e s s   t h a n   2 4 . 2   p e r c e n t .   The  p r e f e r r e d   e q u i v a l e n t  

w e i g h t s   r a n g e   f rom  210  to  4200  w i t h   f r e e   NCO  c o n t e n t s  

r a n g i n g   f rom  a b o u t   1  to  20  p e r c e n t   b a s e d   on  t h e   p o l y m e r  

w e i g h t .  

The  f r e e   NCO  c o n t e n t s   a re   d e t e r m i n e d   by  m e t h o d s  

w e l l   known  to  t h o s e   s k i l l e d   in  the   a r t .   T h e s e   i n c l u d e   t h e  

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

a  s o l u t i o n   of  d i b u t y l a m i n e   f o l l o w e d   by  back   t i t r a t i o n   of  t h e  

e x c e s s   u n r e a c t e d   amine   w i t h   an  a l c o h o l i c   HC1  s o l u t i o n .   T h e  

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

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

The  d i s p e r s i o n s   of  the   s u b j e c t   p o l y m e r s   may  b e  

p r e p a r e d   by  a d d i n g   the   s o l u t i o n   of  the   f i n e l y   d i v i d e d  

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

s t i r r e d   a t   a  v e r y   r a p i d   r a t e .   D u r i n g   t he   m i x i n g   o p e r a t i o n ,  

the   t e m p e r a t u r e   of  the   d i s p e r s i o n   is  no t   a l l o w e d   to  i n c r e a s e  



a b o v e   100°C.   The  c o n c e n t r a t i o n   of  p o l y i s o c y a n u r a t e   p o l y m e r  

d i s p e r s e d   in  t he   p o l y o l   may  r a n g e   f rom  1  to  80  p e r c e n t   b y  

w e i g h t ,   p r e f e r a b l y   f rom  5  to  50  p e r c e n t   by  w e i g h t .  

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

w h i c h   may  be  e m p l o y e d   in  t h e   i n v e n t i o n   a re   t h o s e   s a t u r a t e d  

a l c o h o l s   w h i c h   have   the   f o l l o w i n g   f o r m u l a :  

w h e r e i n   n  i s   1  to  20.  T h o s e   c o n t e m p l a t e d   i n c l u d e   a l c o h o l s  

such   as  m e t h y l ,   e t h y l ,   n o r m a l   p r o p y l   and  i s o p r o p y l ,   p r i m a r y ,  

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

t e r t i a r y   amy l ,   h e x y l ,   h e p t y l ,   o c t y l ,   n o n y l ,   d e c y l ,   u n d e c y l ,  

e i c o s y l ,   m e t h y l p e n t y l ,   2 - e t h y l b u t y l ,   2 - e t h y l h e x y l ,   m e t h y l -  

a m y l ,   2 - o c t a n o l ,   2 , 6 - d i m e t h y l - 4 - h e p t a n o l ,   2 , 6 , 8 - t r i e t h y l - 4 -  

n o n a n o l   and  m i x t u r e s   t h e r e o f .  

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

w h e r e i n   n  is   2  to  20,  may  a l s o   be  e m p l o y e d .   T h e s e   i n c l u d e  

such   a l c o h o l s   as  v i n y l   and  a l l y l   a l c o h o l .  

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

w h i c h   may  be  e m p l o y e d   a re   the   a l k y l e n e   o x i d e   a d d u c t s   o f  

m o n o f u n c t i o n a l   a c t i v e   h y d r o g e n   c o m p o u n d s .   T h e s e   a d d u c t s   may 



be  h o m o p o l y m e r s ,   b l o c k   c o p o l y m e r s   of  2  or  more  a l k y l e n e  

o x i d e s   or  r a n d o m   c o p o l y m e r s   of  m i x t u r e s   of  a l k y l e n e  

o x i d e s .   The  a l k y l e n e   o x i d e s   may  c o n t a i n   f rom  2  to  4  c a r b o n  

a t o m s .   The  a d d u c t s   have   the   f o l l o w i n g   f o r m u l a :  

w h e r e i n   n  i s   1  to  20,  x  is   0  to  10,  y  is   0  to  10,  and  z  i s   0 

to  10  p r o v i d e d   t h a t   i f   x  and  y  a r e   0  t h e n   z  mus t   be  a t   l e a s t  

1,  i f   x  and  z  a r e   0  t h e n   y  mus t   be  a t   l e a s t   1,  and  i f   y  a n d  

z  a re   0  t h e n   x  mus t   be  at   l e a s t   1 .  

The  a m i n e s   wh ich   may  be  e m p l o y e d   in  t he   i n v e n t i o n  

have   the   f o l l o w i n g   f o r m u l a :  

w h e r e i n   R  a n d   R"  may  be  i d e n t i c a l   or  d i f f e r e n t ,   R  and  R1  m a y  

be  H  or  a l k y l   r a d i c a l s   c o n t a i n i n g   f rom  1  to  20  c a r b o n   a t o m s ,  

p h e n y l   or  b e n z y l .  

T h o s e   c o n t e m p l a t e d   i n c l u d e   a m m o n i a ,   d i m e t h y l a m i n e ,  

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

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

N - m e t h y l b e n z y l a m i n e ,   p h e n y l e t h y l a m i n e ,   N - e t h y l b e n z y l k a m i n e ,  

d i - n - a m y l a m i n e ,   d i b e n z y l a m i n e ,   and  d i p h e n y l a m i n e ,   n - o c t y l -  

a m i n e ,   2 - e t h y l h e x y l a m i n e ,   n - d o d e c y l a m i n e ,   t e t r a d e c y l a m i n e ,  



c o c o a m i n e ,   n - h e x y d e c y l a m i n e ,   n - o c t a d e c y l a m i n e ,   t a l l o w   a m i n e ,  

h y d r o g e n a t e d   t a l l o w   a m i n e ,   a l l y l a m i n e ,   s o y a m i n e ,   d i -  

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

t h e r e o f .   A l s o   i n c l u d e d   a re   the   s e c o n d a r y   a m i n e s   w h i c h   h a v e  

the   above   f o r m u l a   c o n t a i n i n g   f rom  1  to  20  c a r b o n   a t o m s ,  

w h i c h   have   been   o x y e t h y l a t e d   w i t h   f rom  1  to  10  m o l e s   o f  

e t h y l e n e   o x i d e   per   mole  of  s e c o n d a r y   a m i n e .  

S t i l l   o t h e r   m o n o f u n c t i o n a l   a c t i v e   h y d r o g e n  

c o m p o u n d s   a r e   t he   m o n o c a r b o x y l i c   a c i d s   c o n t a i n i n g  f r o m   1  t o  

20  c a r b o n   a t o m s .   Among  t h e s e   a c i d s   a re   f o r m i c ,   a c e t i c ,  

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

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

m i x t u r e s   t h e r e o f .  

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

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

f rom  1  to  25  p e r c e n t   of  the   f r e e   NCO  g r o u p s   p r e s e n t .  

The  o r g a n i c   p o l y i s o c y a n a t e   e m p l o y e d   in  t he   i n s t a n t  

i n v e n t i o n   c o r r e s p o n d s   to  the   f o r m u l a   R ' ( N C O ) z   w h e r e   R'  is   a  

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

a l k y l ,   a l k y l a r y l ,   a r o m a t i c   or  m i x t u r e s   t h e r e o f   and  z  is   a n  

i n t e g e r   w h i c h   c o r r e s p o n d s   to  t he   v a l e n c e   of  R'  and  is  a t  

l e a s t   2.  R e p r e s e n t a t i v e   of  t he   t y p e s   of  o r g a n i c   p o l y i s o -  

c y a n a t e s   c o n t e m p l a t e d   h e r e i n   i n c l u d e ,   for   e x a m p l e ,   1 , 2 -  

d i i s o c y a n a t o e t h a n e ,   1 , 3 - d i i s o c y a n a t o p r o p a n e ,   1 , 2 - d i i s o -  

c y a n a t o p r o p a n e ,   1 , 4 - d i i s o c y a n a t o b u t a n e ,   1 , 5 - d i i s o c y a n a t o -  

p e n t a n e ,   1 , 6 - d i i s o c y a n a t o h e x a n e ,   b i s ( 3 - i s o c y a n a t o p r o p y l ) -  



e t h e r ,   b i s ( 3 - i s o c y a n a t o p r o p y l ) s u l f i d e ,   1 , 7 - d i i s o c y a n a t o -  

h e p t a n e ,   1 , 5 - d i i s o c y a n a t o - 2 , 2 - d i m e t h y l p e n t a n e ,   1 , 6 - d i i s o -  

c y a n a t e - 3 - m e t h o x y h e x a n e ,   1 , 8 - d i i s o c y a n t o o c t a n e ,   1 , 5 - d i i s o -  

c y a n a t o - 2 , 2 , 4 - t r i m e t h y l p e n t a n e ,   1 , 9 - d i i s o c y a n a t o n o n a n e ,  

1 , 1 0 - d i i s o c y a n a t o p r o p y l   e t h e r   of  1 , 4 - b u t y l e n e   g l y c o l ,   1 , 1 1 -  

d i i s o c y a n a t o u n d e c a n e ,   1 , 1 2 - d i i s o c y a n a t o d o d e c a n e ,   b i s ( i s o -  

c y a n a t o h e x y l )   s u l f i d e ,   1 , 4 - d i i s o c y a n a t o b e n z e n e ,   1 , 3 - d i i s o -  

c y a n a t o - o - x y l e n e ,   1 , 3 - d i i s o c y a n a t o - p - x y l e n e ,   1 , 3 - d i i s o -  

c y a n a t e - m - x y l e n e ,   2 , 4 - d i i s o c y a n a t o - l - c h l o r o b e n z e n e ,   2 , 4 -  

d i i s o c y a n a t o - 1 - n i t r o b e n z e n e ,   2 , 5 - d i i s o c y a n a t o - 1 - n i t r o -  

b e n z e n e ,   m - p h e n y l e n e   d i i s o c y a n a t e ,   2 , 4 - t o l u e n e   d i i s o c y a n a t e ,  

2 , 6 - t o l u e n e   d i i s o c y a n a t e ,   m i x t u r e s   of  2 , 4 -   and  2 , 6 - t o l u e n e  

d i i s o c y a n a t e ,   1 , 6 - h e x a m e t h y l e n e   d i i s o c y a n a t e ,   1 , 4 - t e t r a -  

m e t h y l e n e   d i i s o c y a n a t e ,   1 , 4 - c y c l o h e x a n e   d i i s o c y a n a t e ,   h e x a -  

h y d r o t o l u e n e   d i i s o c y a n a t e ,   1 , 5 - n a p h t h y l e n e   d i i s o c y a n a t e ,   1 -  

m e t h o x y - 2 , 4 - p h e n y l e n e   d i i s o c y a n a t e ,   2 , 4 ' - d i p h e n y l m e t h a n e  

d i i s o c y a n a t e ,   4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e ,   4 , 4 ' -  

b i p h e n y l e n e   d i i s o c y a n a t e ,   3 , 3 ' - d i m e t h o x y - 4 , 4 ' - b i p h e n y l  

d i i s o c y a n a t e ,   3 , 3 ' - d i m e t h y l - 4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o -  

c y a n a t e   and  3 , 3 ' - d i m e t h y l d i p h e n y l m e t h a n e - 4 , 4 ' - d i i s o c y a n a t e ;  

t h e   t r i i s o c y a n a t e s   s u c h   as  4 , 4 ' , 4 " - t r i p h e n y l m e t h a n e   t r i i s o -  

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

2 , 4 , 6 - t o l u e n e   t r i i s o c y a n a t e ;   and  t he   t e t r a i s o c y a n a t e s   s u c h  

as  4 , 4 ' - d i m e t h y l - 2 , 2 ' - 5 , 5 ' - d i p h e n y l m e t h a n e   t e t r a i s o -  

c y a n a t e .   E s p e c i a l l y   u s e f u l   due  to  t h e i r   a v a i l a b i l i t y   a n d  

p r o p e r t i e s   a re   t o l u e n e   d i i s o c y a n a t e ,   2 , 4 ' - c i p h e n y l m e t h a n e  



d i i s o c y a n a t e ,   4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e ,   p o l y -  

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

The  p o l y i s o c y a n u r a t e   p o l y m e r s   of  t he   i n s t a n t  

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

as  t r i m e r i z a t i o n   c a t a l y s t s .   E x a m p l e s   of  t h e s e   c a t a l y s t s   a r e  

(a)  o r g a n i c   s t r o n g   b a s e s ,   (b)  t e r t i a r y   amine   c o - c a t a l y s t  

c o m b i n a t i o n s ,   (c)  F r i e d e l   C r a f t   c a t a l s y t s ,   (d)  b a s i c   s a l t s  

of  c a r b o x y l i c   a c i d s ,   (e)  a l k a l i   m e t a l   o x i d e s ,   a l k a l i   m e t a l  

a l c o h o l a t e s ,   a l k a l i   m e t a l   p h e n o l a t e s ,   a l k a l i   m e t a l   h y -  

d r o x i d e s   and  a l k a l   m e t a l   c a r b o n a t e s ,   ( f )   o n i u m   c o m p o u n d s  

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

s e l e n i u m ,   and  (g)  m o n o - s u b s t i t u t e d   m o n o c a r b a m i c   e s t e r s .  

T h e s e   i n c l u d e   1 , 3 , 5 - t r i s ( N , N - d i a l k y l a m i n o a l k y l ) - s - h e x a h y d r o -  

t r i a z i n e s ;   t he   a l k y l e n e   o x i d e   and  w a t e r   a d d i t i v e s   of  1 , 3 , 5 -  

t r i s ( N , N - d i a l k y l a m i n o a l k y l ) - s - h e x a h y d r o t r i a z i n e s ;   2 , 4 , 6 -  

t r i s ( d i m e t h y l a m i n o m e t h y l ) p h e n o l ;   o r t h o ,   p a r a -   or  a  m i x t u r e  

of  o-  and  p - d i m e t h y l a m i n o m e t h y l   p h e n o l   and  t r i e t h y l e n e -  

d i a m i n e   or  t he   a l k y l e n e   o x i d e   and  w a t e r   a d d u c t s   t h e r e o f ,  

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

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

c o n t a i n i n g   c o m p o u n d s .   M o n o f u n c t i o n a l   a l k a n o l s   c o n t a i n i n g  

f rom  1  to  24  c a r b o n   a t o m s ,   e p o x i d e s   c o n t a i n i n g   2  to  18 

c a r b o n   a t oms   and  a l k y l   c a r b o n a t e s   may  be  u s e d   in  c o n j u n c t i o n  

w i t h   t e r t i a r y   amine  to  a c c e l e r a t e   the   r a t e   of  the   p o l y m e r i -  

z a t i o n   r e a c t i o n .   The  c o n c e n t r a t i o n   of  t r i m e r i z a t i o n  

c a t a l y s t s   t h a t   may  be  e m p l o y e d   in  the   p r e s e n t   i n v e n t i o n   i s  



from  0 . 0 0 1   p a r t   to  20  p a r t s   of  c a t a l y s t   per  100  p a r t s   o f  

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

e m p l o y e d   for   t he   p o l y m e r i z a t i o n   r e a c t i o n   may  r a n g e   f rom  2 5 ° C  

to  2 3 0 ° C ,   p r e f e r a b l y   from  25°C  to  1 2 0 ° C .  

The  t r i m e r i z a t i o n   c a t a l y s t s   may  be  d e a c t i v a t e d  

e m p l o y i n g   an  a c i d   or  an  a c i d   c h l o r i d e .   The  a c i d s   s u c h   a s  

h y d r o c h l o r i c   a c i d ,   s u l f u r i c   a c i d ,   a c e t i c   a c i d ,   o x a l i c   a c i d ,  

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

s u l f o n i c   a c i d ,   b e n z e n e - ,   t o l u e n e -   or  x y l e n e s u l f o n i c   a c i d s ,  

and  a c i d   c h l o r i d e s   such   as  a c e t y l   or  b e n z o y l   c h l o r i d e ,   a n d  

s u l f o n y l   c h l o r i d e s   such   as  b e n z e n e ,   t o l u e n e   or  x y l e n e  

s u l f o n y l   c h l o r i d e   may  be  e m p l o y e d .   A n o t h e r   s e r i e s   o f  

d e a c t i v a t o r s   a re   a l k y l a t i n g   a g e n t s   such   as  d i m e t h y l   s u l f a t e ,  

o,  or  p - a l k y l   t o l u e n e s u l f o n a t e s   and  m e t h y l   c h l o r i d e   w h i c h  

may  a l s o   be  e m p l o y e d .  

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

wh ich   the   o r g a n i c   p o l y i s o c y a n a t e s   a r e   s o l u b l e .   T h e s e  

i n c l u d e ,   for   e x a m p l e ,   a c e t o n e ,   a c e t o n i t r i l e ,   a c e t o p h e n o n e ,  

a l l y l   a c e t a t e ,   b e n z y l   c e l l o s o l v e ,   b r o m o b e n z e n e ,   o - b r o m o -  

s t y r e n e ,   o - b r o m o t o l u e n e ,   p - b r o m o t o l u e n e ,   b u t y l   a c e t a t e ,   2 -  

b u t y l   a c e t a t e ,   b u t y l   b e n z o a t e ,   b u t y l   c e l l o s o l v e   a c e t a t e ,   N -  

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

2 - c h l o r o - 1 , 3 - b u t a d i e n e ,   c h l o r o f o r m ,   c y c l o h e x a n e ,   c y c l o -  

h e x a n o n e ,   d i b u t y l   c e l l o s o l v e ,   d i b u t y l   m a l e a t e ,   d i b u t y l  

p h t h a l a t e ,   o - d i c h l o r o b e n z e n e ,   m - d i c h l o r o b e n z e n e ,   p - d i c h l o r o -  

b e n z e n e ,   1 , 1 - d i c h l o r o e t h a n e ,   d i c h l o r o m e t h a n e ,   1 , 1 - d i e t h o x y -  



b u t a n e ,   1 , 1 - d i e t h o x y e t h a n e ,   d i e t h y l   c e l l o s o l v e ,   d i e t h y l  

m a l e a t e ,   d i e t h y l   p h t h a l a t e ,   d i e t h y l   p i m e l a t e ,   d i e t h y l  

s u c c i n a t e ,   d i g l y c o l   d i a c e t a t e ,   1 , 3 - d i m e t h o x y b u t a n e ,   1 , 1 -  

d i m e t h o x y e t h a n e ,   3 , 3 - d i m e t h y l - 2 - b u t a n o n e ,   3 , 3 - d i m e t h y l b u t y l  

a c e t a t e ,   d i m e t h y l   c e l l o s o l v e ,   d i m e t h y l   p h t h a l a t e ,   d i m e t h y l  

p i m e l a t e ,   2 , 5 - d i m e t h y l t e t r a h y d r o f u r a n ,   1 , 4 - d i o x a n e ,   1 , 3 -  

d i o x o l a n e ,   d i p h e n y l   e t h e r ,   e t h y l   a c e t a t e ,   e t h y l   a c r y l a t e ,  

e t h y l   b u t y r a t e ,   d i e t h y l   e t h e r ,   e t h y l   f o r m a t e ,   2 - e t h y l h e x y l  

a c e t a t e ,   e t h y l   p r o p i o n a t e ,   m - e t h y l t o l u e n e ,   o - e t h y l t o l u e n e ,  

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

g l y c o l   d i p r o p i o n a t e ,   2 - h e p t a n o n e ,   3 - h e p t a n o n e ,   4 - h e p t a n o n e ,  

3 - h e p t e n - 2 - o n e ,   2 - h e p t y l   a c e t a t e ,   3 - h e p t y l   a c e t a t e ,   h e x y l  

a c e t a t e ,   h e x y l   a c r y l a t e ,   h e x y l e n e   g l y c o l   d i a c e t a t e ,   h e x y l  

h e x a n o a t e ,   m e t h y l   c e l l o s o l v e   a c e t a t e ,   5 - m e t h y l - 2 - h e x a n o n e ,  

m e t h y l   p r o p i o n a t e ,   3 - m e t h y l t h i o p h e n e ,   2 - m e t h y l t h i o p h e n e ,   2 -  

o c t a n o n e ,   3 - p e n t a n o n e ,   p h e n y l   c e l l o s o l v e   a c e t a t e ,   p r o p y l  

a c e t a t e ,   p r o p y l e n e   d i c h l o r i d e ,   t o l u e n e ,   1 , 1 , 2 - t r i c h l o r o -  

e t h a n e ,   t r i c h l o r o e t h y l e n e ,   1 , 2 , 3 - t r i c h l o r o p r o p a n e ,   m - x y l e n e ,  

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

d i m e t h y l   s u l f o x i d e ,   N - m e t h y l   p y r r o l i d o n e ,   t e t r a m e t h y l e n e  

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

a r e :   d e c a n e ,   2 , 2 - d i m e t h y l b u t a n e ,   2 , 3 - d i m e t h y l b u t a n e ,   2 , 2 -  

d i m e t h y l h e x a n e ,   2 , 3 - d i m e t h y l h e x a n e ,   3 , 3 - d i m e t h y l h e x a n e ,   3 , 4 -  

d i m e t h y l h e x a n e ,   2 , 5 - d i m e t h y l h e x a n e ,   2 , 2 - d i m e t h y l p e n t a n e ,  

2 , 3 - d i m e t h y l p e n t a n e ,   2 , 4 - d i m e t h y l p e n t a n e ,   3 , 3 - d i m e t h y l -  

p e n t a n e ,   2 , 2 - d i m e t h y l p r o p a n e ,   e t h y l c y c l o h e x a n e ,   e t h y l c y c l o -  



p e n t a n e ,   3 - e t h y l h e x a n e ,   h e p t a n e ,   1 - h e p t e n e ,   3 - h e p t e n e - 2 - o n e ,  

1 - h e x e n e ,   2 - m e t h y l h e p t a n e ,   3 - m e t h y l h e p t a n e ,   4 - m e t h y l h e p t a n e ,  

2 - m e t h y l h e x a n e ,   3 - m e t h y l h e x a n e ,   2 - m e t h y l p e n t a n e ,   3 - m e t h y l -  

p e n t a n e ,   4 - m e t h y l - 2 - p e n t e n e , c i s ,   4 - m e t h y l - 2 - p e n t e n e , t r a n s ,  

o c t a n e ,   1 - o c t e n e ,   2 - o c t e n e , c i s ,   2 - o c t e n e , t r a n s ,   and  p e n t a n e .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   r i g i d ,  

f l e x i b l e ,   and  m i c r o c e l l u l a r   foams  may  be  p r e p a r e d   by  t h e  

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

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

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

a d d i t i v e s   w h i c h   may  be  deemed  n e c e s s a r y .   N o n - c e l l u l a r  

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

a g e n t s .  

T y p i c a l   p o l y o l s   wh ich   may  be  e m p l o y e d   in  t h e  

p r e p a r a t i o n   of   t he   foams  of  t he   i n s t a n t   i n v e n t i o n   i n c l u d e  

p o l y h y d r o x y l - c o n t a i n i n g   p o l y e s t e r s ,   p o l y o x y a l k y l e n e   p o l y  

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

p o l y h y d r o x y l - c o n t a i n i n g   p h o s p h o r u s   c o m p o u n d s ,   and  a l k y l e n e  

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

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

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

w e l l   as  m i x t u r e s   t h e r e o f .   A l k y l e n e   o x i d e   a d d u c t s   o f  

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

t he   a b o v e - d e f i n e d   c l a s s e s   may  a l s o   be  used   such   as  a m i n o  

a l c o h o l s   w h i c h   c o n t a i n   an  amino  g r o u p   and  a  h y d r o x y l  

g r o u p .   A l s o ,   a l k y l e n e   o x i d e   a d d u c t s   of  c o m p o u n d s   w h i c h  



c o n t a i n   one  -SH  g r o u p   and  one  -OH  g r o u p   as  w e l l   as  t h o s e  

w h i c h   c o n t a i n   an  a m i n o   g r o u p   and  a  -SH  g r o u p   may  be  u s e d .  

G e n e r a l l y ,   t he   e q u i v a l e n t   w e i g h t   of  the   p o l y o l s   w i l l   v a r y  

f rom  100  to  1 0 , 0 0 0 ,   p r e f e r a b l y   from  1000  to  3 0 0 0 .  

Any  s u i t a b l e   h y d r o x y - t e r m i n a t e d   p o l y e s t e r   may  b e  

u s e d   such   as  a re   o b t a i n e d ,   for   e x a m p l e ,   f rom  t h e   r e a c t i o n   o f  

p o l y c a r b o x y l i c   a c i d s   and  p o l y h y d r i c   a l c o h o l s .   Any  s u i t a b l e  

p o l y c a r b o x y l i c   a c i d   may  be  used   such   as  o x a l i c   a c i d ,   m a l o n i c  

a c i d ,   s u c c i n i c   a c i d ,   g l u t a r i c   a c i d ,   a d i p i c   a c i d ,   p i m e l i c  

a c i d ,   s u b e r i c   a c i d ,   a z e l a i c   a c i d ,   s e b a c i c   a c i d ,   b r a s s y l i c  

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

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

@ , β - d i e t h y l s u c c i n i c   a c i d ,   i s o p h t h a l i c   a c i d ,   t e r e p h t h a l i c  

a c i d ,   h e m i m e l l i t i c   a c i d ,   and  1 , 4 - c y c l o h e x a n e d i c a r b o x y l i c  

a c i d .   Any  s u i t a b l e   p o l y h y d r i c   a l c o h o l   may  be  u sed   such   a s  

e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,   t r i m e t h y l e n e   g l y c o l ,   1 , 2 -  

b u t a n e d i o l ,   1 , 3 - b u t a n e d i o l ,   1 , 4 - b u t a n e d i o l ,   1 , 2 - p e n t a n e d i o l ,  

1 , 4 - p e n t a n e d i o l ,   1 , 5 - p e n t a n e d i o l ,   1 , 6 - h e x a n e d i o l ,   1 , 7 -  

h e p t a n e d i o l ,   g l y c e r o l ,   1 , 1 , 1 - t r i m e t h y l o l p r o p a n e ,   1 , 1 , 1 -  

t r i m e t h y l o l e t h a n e ,   1 , 2 , 6 - h e x a n e t r i o l ,   a - m e t h y l   g l u c o s i d e ,  

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

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

as  2 , 2 - b i s ( 4 - h y d r o x y p h e n y l ) p r o p a n e ,   commonly   known  a s  

B i s p h e n o l   A. 



Any  s u i t a b l e   p o l y o x y a l k y l e n e   p o l y e t h e r   p o l y o l   may  

be  used   such   as  t h e   p o l y m e r i z a t i o n   p r o d u c t   of  an  a l k y l e n e  

o x i d e   w i t h   a  p o l y h y d r i c   a l c o h o l .   Any  s u i t a b l e   p o l y h y d r i c  

a l c o h o l   may  be  u s e d   such   as  t h o s e   d i s c l o s e d   a b o v e   fo r   use   i n  

t he   p r e p a r a t i o n   of  t h e   h y d r o x y - t e r m i n a t e d   p o l y e s t e r s .   A n y  

s u i t a b l e   a l k y l e n e   o x i d e   may  be  used   such   as  e t h y l e n e   o x i d e ,  

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

of  t h e s e   o x i d e s .   The  p o l y a l k y l e n e   p o l y e t h e r   p o l y o l s   may  b e  

p r e p a r e d   f rom  o t h e r   s t a r t i n g   m a t e r i a l s   such   as  t e t r a h y d r o -  

f u r a n   and  a l k y l e n e   o x i d e - t e t r a h y d r o f u r a n   m i x t u r e s ;   e p i h a l o -  

h y d r i n s   such   as  e p i c h l o r o h y d r i n ;   as  w e l l   as  a r a l k y l e n e  

o x i d e s   such   as  s t y r e n e   o x i d e .   The  p o l y a l k y l e n e   p o l y e t h e r  

p o l y o l s   may  have   e i t h e r   p r i m a r y  o r   s e c o n d a r y   h y d r o x y l  

g r o u p s .   I n c l u d e d   among  the   p o l y e t h e r   p o l y o l s   a r e   p o l y o x y -  

e t h y l e n e   g l y c o l ,   p o l y o x y p r o p y l e n e   g l y c o l ,   p o l y o x y b u t y l e n e  

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

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

e t h y l e n e   g l y c o l s ,   p o l y - 1 , 2 - o x y b u t y l e n e   and  p o l y o x y e t h y l e n e  

g l y c o l s ,   p o l y - 1 , 4 - t e t r a m e t h y l e n e   and  p o l y o x y e t h y l e n e  

g l y c o l s , a n d   c o p o l y m e r   g l y c o l s   p r e p a r e d   f rom  b l e n d s   as  w e l l  

as  s e q u e n t i a l   a d d i t i o n   of  two  or  more  a l k y l e n e   o x i d e s .   T h e  

p o l y a l k y l e n e   p o l y e t h e r   p o l y o l s   may  be  p r e p a r e d   by  any  k n o w n  

p r o c e s s   such   a s ,   fo r   e x a m p l e ,   t he   p r o c e s s   d i s c l o s e d   by  W u r t z  

in  1859  and  E n c y c l o p e d i a   of  C h e m i c a l   T e c h n o l o g y ,   V o l .   7,  p p .  

2 5 7 - 2 6 2 ,   p u b l i s h e d   by  I n t e r s c i e n c e   P u b l i s h e r s ,   I n c .   ( 1 9 5 1 )  

or  in  U.S .   P a t e n t   No.  1 , 9 2 2 , 4 5 9 .   P o l y e t h e r s   w h i c h   a r e  



p r e f e r r e d   i n c l u d e   the   a l k y l e n e   o x i d e   a d d i t i o n   p r o d u c t s   o f  

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

s o r b i t o l ,   p r o p y l e n e   g l y c o l ,   and  2 , 2 - b i s ( 4 - h y d r o x y p h e n y l ) -  

p r o p a n e   and  b l e n d s   t h e r e o f   h a v i n g   e q u i v a l e n t   w e i g h t s   of  f r o m  

100  to  5 0 0 0 .  

S u i t a b l e   p o l y h y d r i c   p o l y t h i o e t h e r s   wh ich   may  b e  

c o n d e n s e d   w i t h   a l k y l e n e   o x i d e s   i n c l u d e   the   c o n d e n s a t i o n  

p r o d u c t   of  t h i o d i g l y c o l   or  t he   r e a c t i o n   p r o d u c t   of  a  

d i c a r b o x y l i c   a c i d   such  as  is   d i s c l o s e d   a b o v e   fo r   t h e  

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

o t h e r   s u i t a b l e   t h i o e t h e r   g l y c o l .  

The  h y d r o x y l - c o n t a i n i n g   p o l y e s t e r   may  a l s o   be  a  

p o l y e s t e r   amide   such   as  is  o b t a i n e d   by  i n c l u d i n g   some  a m i n e  

or  amino   a l c o h o l   in  t he   r e a c t a n t s   fo r   t h e   p r e p a r a t i o n   of  t h e  

p o l y e s t e r s .   T h u s ,   p o l y e s t e r   a m i d e s   may  be  o b t a i n e d   b y  

c o n d e n s i n g   an  amino   a l c o h o l   such   as  e t h a n o l a m i n e   w i t h   t h e  

p o l y c a r b o x y l i c   a c i d s   s e t   f o r t h   above   or  t h e y   may  be  m a d e  

u s i n g   the   same  c o m p o n e n t s   t h a t   make  up  t h e   h y d r o x y l - c o n t a i n -  

ing  p o l y e s t e r   w i t h   o n l y   a  p o r t i o n   of  t he   c o m p o n e n t s   b e i n g   a  

d i a m i n e   such   as  e t h y l e n e   d i a m i n e .  

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

may  be  u s e d   i n c l u d e   t h o s e   c o m p o u n d s   d i s c l o s e d   in  U.S .   P a t e n t  

No.  3 , 6 3 9 , 5 4 2 .   P r e f e r r e d   p o l y h y d r o x y l - c o n t a i n i n g   p h o s p h o r u s  

c o m p o u n d s   a re   p r e p a r e d   f rom  a l k y l e n e   o x i d e s   and  a c i d s   o f  

p h o s p h o r u s   h a v i n g   a  P205  e q u i v a l e n c y   of  f rom  a b o u t   72  

p e r c e n t   to  a b o u t   95  p e r c e n t .  



S u i t a b l e   p o l y a c e t a l s   w h i c h   may  be  c o n d e n s e d   w i t h  

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

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

a l k y l e n e   o x i d e   such   as  t h o s e   d i s c l o s e d   a b o v e .  

S u i t a b l e   a l i p h a t i c   t h i o l s   w h i c h   may  be  c o n d e n s e d  

w i t h   a l k y l e n e   o x i d e s   i n c l u d e   a l k a n e t h i o l s   c o n t a i n i n g   a t  

l e a s t   two  -SH  g r o u p s   s u c h a   s  1 , 2 - e t h a n e d i t h i o l ,   1 , 2 - p r o p a n e -  

d i t h i o l ,   1 , 2 - p r o p a n e d i t h i o l ,   and  1 , 6 - h e x a n e d i t h i o l ;   a l k e n e  

t h i o l s   such   as  2 - b u t e n e - 1 , 4 - d i t h i o l ;   and  a l k y n e   t h i o l s   s u c h  

as  3 - h e x y n e - 1 , 6 - d i t h i o l .  

S u i t a b l e   a m i n e s   w h i c h   may  be  c o n d e n s e d   w i t h  

a l k y l e n e   o x i d e s   i n c l u d e   a r o m a t i c   a m i n e s   s u c h   as  a n i l i n e ,   o -  

c h l o r o a n i l i n e ,   p - a m i n o a n i l i n e ,   1 , 5 - d i a m i n o n a p h t h a l e n e ,  

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

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

as  m e t h y l a m i n e ,   t r i i s o p r o p a n o l a m i n e ,   e t h y l e n e   d i a m i n e ,   1 , 3 -  

d i a m i n o p r o p a n e ,   1 , 3 - d i a m i n o b u t a n e , a n d   1 , 4 - d i a m i n o b u t a n e .  

The  p o l y u r e t h a n e   foams  of  t he   p r e s e n t   i n v e n t i o n  

may  a l s o   be  p r e p a r e d   by  t he   r e a c t i o n   of  an  o r g a n i c   p o l y i s o -  

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

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

p r e s e n c e   of  a  b l o w i n g   a g e n t   and  o p t i o n a l l y   in  t he   p r e s e n c e  

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

e x t e n d i n g   a g e n t s ,   c a t a l y s t s ,   s u r f a c e - a c t i v e   a g e n t s ,  

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

for   t he   p r e p a r a t i o n   of  c e l l u l a r   p o l y u r e t h a n e   p l a s t i c s   a r e  



d i s c l o s e d   in  U.S .   R e i s s u e   P a t e n t   2 4 , 5 1 4   t o g e t h e r   w i t h  

s u i t a b l e   m a c h i n e r y   to  be  used  in  c o n j u n c t i o n   t h e r e w i t h .   F o r  

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

g e n e r a l l y   no t   n e c e s s a r y .   If   d e s i r e d   for   more  e x p a n d e d  

f o a m s ,   t h e y   may  be  e m p l o y e d .   When  w a t e r   i s   u s e d ,   c o r -  

r e s p o n d i n g   q u a n t i t i e s   of  e x c e s s   i s o c y a n a t e   to  r e a c t   w i t h   t h e  

w a t e r   and  p r o d u c e   c a r b o n   d i o x i d e   a re   n e c e s s a r y .  

I t   i s   p o s s i b l e   to  p r o c e e d   w i t h   t he   p r e p a r a t i o n   o f  

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

an  e x c e s s   of  o r g a n i c   p o l y i s o c y a n a t e   i s   r e a c t e d   in  a  f i r s t  

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

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

g r o u p s   wh ich   is   t h e n   r e a c t e d   in  a  s e c o n d   s t e p   w i t h   w a t e r   t o  

p r e p a r e   a  foam.   A l t e r n a t e l y ,   t he   c o m p o n e n t s   may  be  r e a c t e d  

in  a  s i n g l e   w o r k i n g   s t e p   comonly  known  as  t he   " o n e - s h o t "  

t e c h n i q u e   of  p r e p a r i n g   p o l y u r e t h a n e s .   F u r t h e r m o r e ,   i n s t e a d  

of  w a t e r ,   low  b o i l i n g   h y d r o c a r b o n s   such   as  p e n t a n e , h e x a n e ,   __ 

h e p t a n e ,   p e n t e n e ,   and  h e p t e n e ;   azo  c o m p o u n d s   such   a s  

a z o h e x a h y d r o b e n z o d i n i t r i l e ;   h a l o g e n a t e d   h y d r o c a r b o n s   such   a s  

d i c h l o r o d i f l u o r o m e t h a n e ,   t r i c h l o r o f l u o r o m e t h a n e ,   d i c h l o r o d i -  

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

may  be  used   as  b l o w i n g   a g e n t s .  

C h a i n - e x t e n d i n g   a g e n t s   w h i c h   may  be  e m p l o y e d   i n  

t h e   p r e p a r a t i o n   of  t he   p o l y u r e t h a n e   foams  i n c l u d e   t h o s e  

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

a c t i v e   h y d r o g e n   a t oms   such   as  w a t e r ,   h y d r a z i n e ,   p r i m a r y   a n d  



s e c o n d a r y   d i a m i n e s ,   amino   a l c o h o l s ,   amino  a c i d s ,   h y d r o x y  

a c i d s ,   g l y c o l s ,   or  m i x t u r e s   t h e r e o f .   A  p r e f e r r e d   g r o u p   o f  

c h a i n - e x t e n d i n g   a g e n t s   i n c l u d e s   w a t e r ,   e t h y l e n e   g l y c o l ,   1 , 4 -  

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

more  r e a d i l y   w i t h   t he   p o l y i s o c y a n a t e s   than   d o e s   w a t e r .  

T h e s e   i n c l u d e   p h e n y l e n e d i a m i n e ,   e t h y l e n e d i a m i n e ,   d i e t h y l e n e -  

t r i a m i n e ,   N - ( 2 - h y d r o x y p r o p y l ) - e t h y l e n e d i a m i n e ,   N , N ' - d i ( 2 -  

h y d r o x y p r o p y l ) e t h y l e n e d i a m i n e ,   p i p e r a z i n e ,   and  2 - m e t h y l -  

p i p e r a z i n e .  

Any  s u i t a b l e   c a t a l y s t   fo r   t he   p o l y u r e t h a n e  

f o r m a t i o n   may  be  u s e d   i n c l u d i n g   t e r t i a r y   a m i n e s   s u c h   a s ,   f o r  

e x a m p l e ,   t r i e t h y l e n e d i a m i n e ,   N - m e t h y l m o r p h o l i n e ,   N - e t h y l -  

m o r p h o l i n e ,   d i e t h y l a m i n o e t h a n o l ,   N - l a u r y l m o r p h o l i n e ,   1 -  

m e t h y l - 4 ( d i m e t h y l a m i n o e t h y l ) p i p e r a z i n e ,   3 - m e t h o x y - N , N ' -  

d i m e t h y l p r o p y l a m i n e ,   N , N , N ' - t r i m e t h y l i s o p r o p y l p r o p y l e n e -  

d i a m i n e ,   N , N , N ' , N ' - t e t r a e t h y l p r o p y l e n e d i a m i n e ,   d i m e t h y l -  

b e n z y l a m i n e ,   and  t h e   l i k e .   O t h e r   s u i t a b l e   c a t a l y s t s   a r e ,  

for  e x a m p l e ,   t i n   c o m p o u n d s   such   as  s t a n n o u s   c h l o r i d e ,   t i n  

s a l t s   of  c a r b o x y l i c   a c i d s ,   s u c h   as  d i b u t y l t i n   d i - 2 - e t h y l  

h e x a n o a t e   and  s t a n n o u s   o c t o a t e ,   as  w e l l   as  o t h e r   o r g a n o  

m e t a l l i c   c o m p o u n d s   such   as  a r e   d i s c l o s e d   in  U . S .   P a t e n t   N o .  

2 , 8 4 6 , 4 0 8 .  

I f   d e s i r e d ,   a  s u r f a c e - a c t i v e   a g e n t   may  b e  

e m p l o y e d .   N u m e r o u s   s u r f a c e - a c t i v e   a g e n t s   have   been   f o u n d  

s a t i s f a c t o r y .   N o n i o n i c   s u r f a c e - a c t i v e   a g e n t s   a r e   p r e -  

f e r r e d .   Of  t h e s e ,   t he   n o n i o n i c   s u r f a c e - a c t i v e   a g e n t s  



p r e p a r e d   by  the   s e q u e n t i a l   a d d i t i o n   of  p r o p y l e n e   o x i d e   a n d  

t hen   e t h y l e n e   o x i d e   to  p r o p y l e n e   g l y c o l   and  the   s o l i d   o r  

l i q u i d   o r g a n o s i l i c o n e s   have   been  f o u n d   p a r t i c u l a r l y   d e s i r -  

a b l e .   O t h e r   s u r f a c e - a c t i v e   a g e n t s   w h i c h   a re   o p e r a t i v e ,  

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

of  l o n g   c h a i n   a l c o h o l s ,   t e r t i a r y   amine   or  a l k y l o l a m i n e   s a l t s  

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

e s t e r s ,   and  a l k y l a r y l s u l f o n i c   a c i d s .  

In  t h e   f o l l o w i n g   e x a m p l e s ,   a l l   p a r t s   a r e   by  w e i g h t  

u n l e s s   o t h e r w i s e   d e s i g n a t e d   and  the   f o l l o w i n g   a b b r e v i a t i o n s  

a re   e m p l o y e d .  

TDH -   1 , 3 , 5 - t r i s ( N , N ' - d i m e t h y l a m i n o p r o p y l ) - s -  

h e x a h y d r o t r i a z i n e  

C o m p o n e n t   A  -   a  p r o p y l e n e   o x i d e   a d d u c t   of  n - b u t a n o l  

s u f f i c i e n t   to  g i v e   a  h y d r o x y l   number   of  5 2 . 6  

C o m p o n e n t   B  -   a  1:1  p r o p y l e n e   o x i d e : e t h y l e n e   o x i d e   a d d u c t  

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

n u m b e r   of  3 1 . 9  

C o m p o n e n t   C  -   a  1:1  p r o p y l e n e   o x i d e : e t h y l e n e   o x i d e   a d d u c t  

o f  n - b u t a n o l   s u f f i c i e n t   to  g i v e   a  h y d r o x y l  

number   of  7 6 . 8 .  

C o m p o n e n t   D  -   m e t h a n o l  

C o m p o n e n t   E  -   n - b u t a n o l  

C o m p o n e n t   F  -   d i b u t y l a m i n e  

C o m p o n e n t   G  -   d i e t h y l a m i n e  



C o m p o n e n t   H  -   a  m i x t u r e   of  p r i m a r y   a m i n e s   c o n t a i n i n g   a  

m i x t u r e   of  C8,  C10,  C12  and  C14  a l i p h a t i c  

a m i n e s   h a v i n g   a  m o l e c u l a r   w e i g h t   of  2 0 4  

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

a  m o l e c u l a r   w e i g h t   of  a b o u t   1 6 2 6  

C o m p o n e n t   J  -   a  1:1  p r o p y l e n e   o x i d e : e t h y l e n e   o x i d e   a d d u c t  

of   n - b u t a n o l ' h a v i n g   a  m o l e c u l a r   w e i g h t   o f  

a b o u t   1 9 2 7  

C o m p o n e n t   K  -   a  1:1  p r o p y l e n e   o x i d e : e t h y l e n e   o x i d e   a d d u c t  

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

a b o u t   4 1 8 6  

C o m p o n e n t   L  -   an  a d d u c t   of  1  e q u i v a l e n t   of  t o l u e n e  

d i i s o c y a n a t e   w i t h   1  e q u i v a l e n t   o f  

c o m p o n e n t   C 

C o m p o n e n t   M -  i s o p r o p a n o l  

P o l y o l   A  -   a  p r o p y l e n e   o x i d e - e t h y l e n e   o x i d e   a d d u c t   o f  a  

m i x t u r e   of  p r o p y l e n e   g l y c o l   and  g l y c e r o l  

h a v i n g   a  h y d r o x y l   number   of  33  and  c o n t a i n -  

ing  15  p e r c e n t   e t h y l e n e   o x i d e  

P o l y o l   B  -   a  p r o p y l e n e   o x i d e   a d d u c t   of  g l y c e r i n e   h a v i n g  

a  h y d r o x y l   number   of  a b o u t   5 7  

P o l y o l   C  -   a  p r o p y l e n e   o x i d e - e t h y l e n e   o x i d e   a d d u c t   of  a  

m i x t u r e   of  p r o p y l e n e   g l y c o l   and  g l y c e r o l  

h a v i n g   a  h y d r o x y l   number   of  35  and  c o n t a i n -  

ing  14  p e r c e n t   e t h y l e n e   o x i d e  



P o l y o l   D  -   a  p r o p y l e n e   o x i d e ,   e t h y l e n e   o x i d e   a d d u c t   o f  

g l y c e r o l   h a v i n g   a  h y d r o x y l   number   of  35  a n d  

c o n t a i n i n g   16 .5   p e r c e n t   e t h y l e n e   o x i d e .  

P o l y o l   E  -   a  p r o p y l e n e   o x i d e ,   e t h y l e n e   o x i d e   a d d u c t   o f  

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

of  35  and  c o n t a i n i n g   13  p e r c e n t   e t h y l e n e  

o x i d e .  

L - 5 3 0 3  -   S i l i c o n e   s u r f a c t a n t ,   Un ion   C a r b i d e  

D C - 1 9 2  -   S i l i c o n e   s u r f a c t a n t ,   Dow  C o r n i n g  

T - 1 2  -   D i b u t y l t i n   d i l a u r a t e ,   M  &  T 

DABCO  WT -  Amine  c a t a l y s t ,   a  p r o d u c t   of  Air  P r o d u c t s  

C o r p o r a t i o n  

T D I  -   ( 8 0 / 2 0 )   2 , 4 - ' ,   2 , 6 ' - t o l u e n e   d i i s o c y a n a t e  

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



E x a m p l e s   1 - 1 0  

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

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

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

w i t h   250  p a r t s   e t h y l   a c e t a t e   and  87  p a r t s   of  TDI.  T h e  

i s o c y a n a t e   c o n t e n t   of  t he   s o l u t i o n   a t   t h i s   s t a g e   was  1 2 . 5  

p e r c e n t   by  w e i g h t .   The  c a t a l y s t ,   TDH,  in  t he   a m o u n t   of  0 . 4  

p a r t   was  a d d e d   t h e r e a f t e r .   An  e x o t h e r m   d e v e l o p e d   a n d  

r e a c h e d   a b o u t   40°C .   The  r e a c t i o n   m i x t u r e   was  t h e n   h e a t e d   t o  

50°C  and  m a i n t a i n e d   a t   t h a t   t e m p e r a t u a r e   fo r   3  h o u r s .   A t  

t h i s   s t a g e ,   t he   f r e e   i s o c y a n a t e   (NCO)  c o n t e n t   of  t h e  

r e a c t i o n   m i x t u r e   d e c r e a s e d   to  t h e   v a l u e   shown  in  T a b l e   I .  

The  p o l y m e r i z a t i o n   was  t h e n   s t o p p e d   by  the   d e a c t i v a t i o n   o f  

t h e   TDH  c a t a l y s t   by  a d d i n g   0 .4   p a r t s   of  b e n z o y   1  c h l o r i d e  

and  s t i r r i n g   the   r e a c t i o n   m i x t u r e   fo r   a n o t h e r   15  m i n u t e s   a t  

50°C .   T h e n ,   w h i l e   s t i l l   m a i n t a i n i n g   t he   r e a c t i o n   t e m p e r a -  

t u r e   at   50°C,   c o m p o n e n t s   1  and  2,  as  s p e c i f i e d   in  T a b l e   I ,  

we re   added   d r o p w i s e   o v e r   a  p e r i o d   of  0 .5   hour   to  1  h o u r .  

The  r e a c t i o n   was  f u r t h e r   c o n t i n u e d   fo r   a n o t h e r   2  h o u r s   a t  

w h i c h   t ime   a l l   t he   f r e e   NCO  g r o u p s   we re   s u b s t a n t i a l l y  

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

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

mixed   w i t h   a  h o m o g e n i z e r .   T h e r e a f t e r ,   t he   s o l v e n t   w a s  

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

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



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

d i s p e r s i o n s   p r e p a r e d   a re   shown  in  T a b l e   I .   The  p e r c e n t  

s o l i d s   in  t he   p o l y o l   were   20  w e i g h t   p e r c e n t .  

E x a m p l e s   1 1 - 1 8  

I n t o   a  r e a c t i o n   v e s s e l   as  e q u i p p e d   in  E x a m p l e s   1 -  

10,  87  g r ams   of  TDI  and  t he   i n d i c a t e d   a m o u n t   ( T a b l e   I I )   o f  

c o m p o n e n t   1  were   p l a c e d   and  h e a t e d   at   80°C  for   one  h o u r .  

The  f r e e   i s o c y a n a t e   v a l u e   of  the   p r o d u c t   was  d e t e r m i n e d   t o  

a s s u r e   t he   c o m p l e t i o n   of  t he   r e a c t i o n .   T h e r e a f t e r ,   2 5 0  

g r a m s   of  e t h y l   a c e t a t e   was  added   and  the   c o n t e n t s   c o o l e d   t o  

25°C.   TDH  c a t a l y s t   ( 0 . 4   g ram)   was  t hen   a d d e d .   An  e x o t h e r m  



d e v e l o p e d   to  a b o u t   40°C.   The  r e a c t i o n   m i x t u r e   was  t h e n  

h e a t e d   to  50°C  and  m a i n t a i n e d   a t   t h a t   t e m p e r a t u r e   fo r   3 

h o u r s .   At  t h i s   s t a g e ,   t he   f r e e   i s o c y a n a t e   c o n t e n t   of   t h e  

r e a c t i o n   m i x t u r e   d e c r e a s e d   to  t he   v a l u e   shown  in  T a b l e   I I .  

The  p o l y m e r i z a t i o n   was  t h e n   s t o p p e d   by  t he   d e a c t i v a t i o n   o f  

t h e   TDH  c a t a l y s t   by  a d d i n g   0 .4   p a r t s   of  b e n z o y l   c h l o r i d e   a n d  

s t i r r i n g   the   r e a c t i o n   m i x t u r e   for   a n o t h e r   15  m i n u t e s   a t  

5 0 ° C .   Then ,   w h i l e   s t i l l   m a i n t a i n i n g   t he   r e a c t i o n   t e m p e r a -  

t u r e   at   50*C,  c o m p o n e n t   2,  as  s p e c i f i e d   in  T a b l e   I I ,   w e r e  

a d d e d   d r o p w i s e   o v e r   a  p e r i o d   of  0 .5   hour   to   1  h o u r .   T h e  

r e a c t i o n   was  f u r t h e r   c o n t i n u e d   for   a n o t h e r   2  h o u r s   a t   w h i c h  

t i m e   a l l   the   f r e e   NCO  g r o u p s   we re   s u b s t a n t i a l l y   r e a c t e d .  

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

i n d i c a t e d   p o l y o l   w h i l e   t h e   p o l y o l   was  b e i n g   r a p i d l y   m i x e d  

w i t h   a  h o m o g e n i z e r   for   a n o t h e r   h o u r .   T h e r e a f t e r ,   t h e  

s o l v e n t   was  r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e   and  t h e   r e s u l t a n t  

p o l y i s o c y a n u r a t e   p o l y o l   d i s p e r s i o n   was  h o m o g e n i z e d   to  y i e l d  

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

d i s p e r s i o n s   p r e p a r e d   a r e   shown  in  T a b l e   I I .   The  p e r c e n t  

s o l i d s   in  t he   p o l y o l   were   20  w e i g h t   p e r c e n t .  





E x a m p l e s   1 9 - 2 2  

I n t o   t h e   r e a c t i o n   v e s s e l   e q u i p p e d   as  i n d i c a t e d   i n  

E x a m p l e s   1 - 1 0 ,   87  g r a m s   of  TDI  and  t h e   i n d i c a t e d  a m o u n t   o f  

c o m p o n e n t   1  we re   p l a c e d   and  h e a t e d   a t   150°C  fo r   one  h o u r .  

The  i s o c y a n a t e   v a l u e   of  t he   p r o d u c t   was  d e t e r m i n e d   to  a s s u r e  

t h e   c o m p l e t i o n   of  t h e   r e a c t i o n .   T h e r e a f t e r   250  p a r t s   o f  

e t h y l   a c e t a t e   and  87  p a r t s   of  TDI.  The  i s o c y a n a t e   c o n t e n t  

of   t h e   s o l u t i o n   a t   t h i s   s t a g e   i s   i n d i c a t e d   in  T a b l e   I I I .   T h e  

c a t a l y s t ,   TDH,  in  t he   a m o u n t   of   0 .4   p a r t   was  a d d e d   t h e r e -  

a f t e r .   An  e x o t h e r m   d e v e l o p e d   and  r e a c h e d   a b o u t   40°C .   T h e  

r e a c t i o n   m i x t u r e   was  t h e n   h e a t e d   to  50°C  and  m a i n t a i n e d   a t  

t h a t   t e m p e r a t u r e   fo r   3  h o u r s .   At  t h i s   s t a g e ,   t h e   i s o c y a n a t e  

c o n t e n t   of  t h e   r e a c t i o n   m i x t u r e   d e c r e a s e d   to  t he   v a l u e   s h o w n  

in  T a b l e   I I I ,   t h e   p o l y m e r i z a t i o n   was  t h e n   s t o p p e d   by  t h e  

d e a c t i v a t i o n   of  t h e   TDH  c a t a l y s t   by  a d d i n g   0 .4   p a r t s   o f  

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

a n o t h e r   15  m i n u t e s   a t   50°C.  T h e n ,   w h i l e  s t i l l   m a i n t a i n i n g  

t h e   r e a c t i o n   t e m p e r a t u r e   a t   50"C,   c o m p o n e n t   2,  as  s p e c i f i e d  

in  T a b l e   I I I ,   was  a d d e d   d r o p w i s e   o v e r   a  p e r i o d   of  0 .5   h o u r  

to   1  h o u r .   The  r e a c t i o n   was  f u r t h e r   c o n t i n u e d   fo r   a n o t h e r   2 

h o u r s   at   w h i c h   t i m e   a l l   the   f r e e   NCO  g r o u p s   w e r e   s u b s t a n -  

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

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

m i x e d   w i t h   a  h o m o g e n i z e r .   T h e r e a f t e r ,   t h e   s o l v e n t   w a s  

r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e   and  the   r e s u l t a n t   p o l y i s o -  

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

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



d i s p e r s i o n s   p r e p a r e d   a re   shown  in  T a b l e   I I I .   The  p e r c e n t  

s o l i d s   in  the   p o l y o l   were   20  w e i g h t   p e r c e n t .  





E x a m p l e s   2 3 - 2 8  

A  r e a c t i o n   v e s s e l   e q u i p p e d   as  in  E x a m p l e s   1-10  w a s  

c h a r g e d   w i t h   500  p a r t s   of  e t h y l   a c e t a t e ,   and  s u f f i c i e n t   MDI 

to  g i v e   a  f r e e   i s o c y a n a t e   c o n t e n t   of  6 . 7 2   p e r c e n t .   An 

amoun t   of  0 . 6 8   p a r t   TDH  c a t a l y s t   was  t h e n   added   and  t h e  

c o n t e n t s   h e a t e d   to  50°C  and  m a i n t a i n e d   a t   t h a t   t e m p e r a t u r e  

fo r   5  h o u r s .   At  t h i s   s t a g e ,   t h e   i s o c y a n a t e   c o n t e n t   of  t h e  

r e a c t i o n   m i x t u r e   d e c r e a s e d   to  t h e   v a l u e   shown  in  T a b l e   I V .  

The  p o l y m e r i z a t i o n   was  t h e n   s t o p p e d   by  the   d e a c t i v a t i o n   o f  

t h e   TDH  c a t a l y s t   by  a d d i n g   0 .4   p a r t s   of  b e n z o y l   c h l o r i d e   a n d  

s t i r r i n g   the   r e a c t i o n   m i x t u r e   fo r   a n o t h e r   15  m i n u t e s   a t  

50°C .   T h e n ,   w h i l e   s t i l l   m a i n t a i n i n g   t h e   r e a c t i o n   t e m p e r a -  

t u r e   a t   50°C,   c o m p o n e n t s   1  and  2,  as  s p e c i f i e d   in  T a b l e   I V ,  

were   a d d e d   d r o p w i s e   o v e r   a  p e r i o d   of   0 .5   hour   to  1  h o u r .  

The  r e a c t i o n   was  f u r t h e r   c o n t i n u e d   fo r   a n o t h e r   2  h o u r s   a t  

w h i c h   t i m e   a l l   t he   f r e e   NCO  g r o u p s   were   s u b s t a n t i a l l y  

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

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

mixed   w i t h   a  h o m o g e n i z e r .   T h e r e a f t e r ,   t he   s o l v e n t   w a s  

r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e   and  the   r e s u l t a n t   p o l y i s o -  

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

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

d i s p e r s i o n s   p r e p a r e d   a re   shown  in  T a b l e   IV.  The  p e r c e n t  

s o l i d s   in  t he   p o l y o l   were   20  w e i g h t   p e r c e n t .  



E x a m p l e s   2 9 - 5 6  

A  r e a c t i o n   v e s s e l   e q u i p p e d   as  in  E x a m p l e s   1-10  w a s  

c h a r g e d   w i t h   300  p a r t s   of  e t h y l   a c e t a t e ,   100  p a r t s   o f  

t o l u e n e   and  100  p a r t s   of  TDI  e x c e p t   no  t o l u e n e   was  a d d e d   i n  

E x a m p l e s   4 1 - 4 3 .   The  f r e e   i s o c y a n a t e   c o n t e n t   o f  t h e   s o l u t i o n  

a t   t h i s   s t a g e   was  9 .6   p e r c e n t   for   a l l   e x a m p l e s   e x c e p t   4 1 - 4 3  

w h i c h   had  a  f r e e   NCO  c o n t e n t   of  1 2 . 0 8 .   The  c a t a l y s t   TDH,  i n  

t h e   a m o u n t   of  0 .6   p a r t s ,   was  t h e n   a d d e d .   An  e x o t h e r m  

d e v e l o p e d   and  r e a c h e d   a b o u t   40°C.   The  r e a c t i o n   m i x t u r e   w a s  

t h e n   h e a t e d   to  50°C  and  m a i n t a i n e d   at   t h a t   t e m p e r a t u r e   for   3 

h o u r s .   At  t h i s   s t a g e ,   t he   i s o c y a n a t e   c o n t e n t   of  t h e  

r e a c t i o n   m i x t u r e   d e c r e a s e d   to  t he   v a l u e   shown  in  T a b l e   I ,  

t h e   p o l y m e r i z a t i o n   was  t hen   s t o p p e d   by  t h e   d e a c t i v a t i o n   o f  

t h e   TDH  c a t a l y s t   by  a d d i n g   0.4  p a r t s   of  b e n z o y l   c h l o r i d e   a n d  

s t i r r i n g   the   r e a c t i o n   m i x t u r e   for   a n o t h e r   15  m i n u t e s   a t  

50°C .   T h e n ,   w h i l e   s t i l l   m a i n t a i n i n g   the   r e a c t i o n   t e m p e r a -  

t u r e   a t   50°C,   c o m p o n e n t s   1  and  2,  as  s p e c i f i e d   in  T a b l e   V ,  

we re   a d d e d   d r o p w i s e   ove r   a  p e r i o d   of  0 .5   hour   to  1  h o u r .  



The  r e a c t i o n   was  f u r t h e r   c o n t i n u e d   for   a n o t h e r   2  h o u r s   a t  

wh ich   t i m e   a l l   t he   f r e e   NCO  g r o u p s   were   s u b s t a n t i a l l y  

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

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

mixed   w i t h   a  h o m o g e n i z e r .   T h e r e a f t e r ,   t he   s o l v e n t   w a s  

r e m o v e d   u n d e r   r e d u c e d   p r e s s u r e   and  the   r e s u l t a n t   p o l y i s o -  

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

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

d i s p e r s i o n s   p r e p a r e d   a re   shown  in  T a b l e   V.  The  p e r c e n t  

s o l i d s   in  t h e   p o l y o l   were   20  w e i g h t   p e r c e n t   e x c e p t   f o r  

E x a m p l e s   55  and  56  w h i c h   had  a  s o l i d s   c o n t e n t   of  30  w e i g h t  

p e r c e n t .  





E x a m p l e s   5 7 - 6 6  

The  d e s i g n a t e d   p o l y i s o c y a n u r a t e   d i s p e r s i o n   ( 3 0 0  

g r a m s ) ,   9 .0   g r a m s   of  w a t e r ,   4 .0   g r ams   of  L - 5 3 0 3 ,   2.1  g r a m s  

of  Dabco  WT  were   m i x e d   fo r   30  s e c o n d s   u s i n g   a  L i g h t n i n  

Model  V-7  s t i r r e r   e q u i p p e d   w i t h   a  1.5  i n c h   s h r o u d e d   m i x i n g  

b l a d e .   W h e r e u p o n   0.1  gram  of  T-12   was  a d d e d   and  t he   m i x t u r e  

was  mixed   fo r   a n o t h e r   15  s e c o n d s .   A  T D I / c r u d e   MDI  ( 8 0 / 2 0 )  

m i x t u r e   was  a d d e d ,   m ixed   for   5  s e c o n d s ,   p o u r e d   i n t o   a  o n e -  

g a l l o n e   c o n t a i n e r   and  t he   foam  was  a l l o w e d   to  r i s e .   T h e  

r e s u l t i n g   foam  was  c u r e d   at  110°C  for   8  m i n u t e s .   T h e  

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

p r o p e r t i e s   of   t h e   f oams   are  shown  in  T a b l e   VI  b e l o w .  





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

p r e p a r e d   by  (a)  p o l y m e r i z i n g   an  o r g a n i c   p o l y i s o c y a n a t e   in  a n  

o r g a n i c   s o l v e n t   in  t he   p r e s e n c e   of  an  e f f e c t i v e   a m o u n t   of  a  

t r i m e r i z a t i o n   c a t a l y s t   and  an  o r g a n i c   s o l v e n t ,   (b)  d e -  

a c t i v a t i n g   s a i d   c a t a l y s t ,   and  (c)  r e a c t i n g   the   r e s i d u a l   f r e e  

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

m i x t u r e s   t h e r e o f .  

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

by  (a)  p a r t i a l l y   r e a c t i n g   an  o r g a n i c   p o l y i s o c y a n a t e   w i t h   a  

m o n o f u n c t i o n a l   a c t i v e   h y d r o g e n   c o m p o u n d ,   (b)  p o l y m e r i z i n g  

the   p r o d u c t   of  (a)   in  an  o r g a n i c   s o l v e n t   in  t he   p r e s e n c e   o f  

an  e f f e c t i v e   a m o u n t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   ( c )  

d e a c t i v a t i n g   s a i d   c a t a l y s t ,   and  (d)  r e a c t i n g   the   r e s i d u a l  

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

compound  or  m i x t u r e s   t h e r e o f .  

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

p r e p a r e d   by  (a)  p a r t i a l l y   r e a c t i n g   an  o r g a n i c   p o l y i s o c y a n a t e  

w i t h   an  a m i n e   to  fo rm  a  b i u r e t ,   (b)  p o l y m e r i z i n g   t h e   p r o d u c t  

of  (a)  in  an  o r g a n i c   s o l v e n t   in  t he   p r e s e n c e   of  an  e f f e c t i v e  

a m o u n t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   (c)  d e a c t i v a t i n g   s a i d  

c a t a l y s t ,   and  (d)  r e a c t i n g   the   r e s i d u a l   f r e e   i s o c y a n a t e   w i t h  

a  m o n o f u n c t i o n a l   a c t i v e   h y d r o g e n   compound   or  m i x t u r e s  

t h e r e o f .  



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

c l a i m   1  p r e p a r e d   in  t h e   p r e s e n c e   of  an  a d d u c t   of  e q u i v a l e n t  

q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e ,   and  a  m o n o -  

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

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

c l a i m   2  p r e p a r e d   in  t he   p r e s e n c e   of  an  a d d u c t   of  e q u i v a l e n t  

q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e ,   and  a  m o n o -  

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

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

c l a i m   3  p r e p a r e d   in  t he   p r e s e n c e   of  an  a d d u c t   of  e q u i v a l e n t  

q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e   and  a  m o n o f u n c t i o n a l  

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

7.  A  d i s p e r s i o n   of  p o l y i s o c y a n u r a t e   p o l y m e r   in  a  

p o l y o l   p r e p a r e d   by  (a)  p o l y m e r i z i n g   an  o r g a n i c   p o l y i s o -  

c y a n a t e   in  an  o r g a n i c   s o l v e n t   in  t he   p r e s e n c e   of  a n  

e f f e c t i v e   amoun t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   (c)  d e -  

a c t i v a t i n g   s a i d   c a t a l y s t ,   (c)  r e a c t i n g   t h e   r e s i d u a l   f r e e  

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

m i x t u r e s   t h e r e o f ,   (d)  m i x i n g   t h e   s o l u t i o n   w i t h   a  p o l y o l ,   a n d  

(e)  r e m o v i n g   the   o r g a n i c   s o l v e n t .  

8.  A  p r o c e s s   for   p r e p a r i n g   a  d i s p e r s i b l e   p o l y i s o -  

c y a n u r a t e   p o l y m e r   by  (a)  p o l y m e r i z i n g   an  o r g a n i c   p o l y i s o -  

c y a n a t e   in  an  o r g a n i c   s o l v e n t   in  t h e   p r e s e n c e   of  a n  

e f f e c t i v e   a m o u n t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   (b)  d e -  

a c t i v a t i n g   s a i d   c a t a l y s t ,   and  (c)  r e a c t i n g   t he   r e s i d u a l   f r e e  

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

m i x t u r e s   t h e r e o f .  



9.  A  p r o c e s s   fo r   p r e p a r i n g   a  d i s p e r s i b l e   p o l i s o -  

c y a n u r a t e   p o l y m e r   by  (a)  p a r t i a l l y   r e a c t i n g   an  o r g a n i c  

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

c o m p o u n d ,   (b)   p o l y m e r i z i n g   the   p r o d u c t   of  (a)  in  an  o r g a n i c  

s o l v e n t   in  t he   p r e s e n c e   of  an  e f f e c t i v e   amoun t   of  a  t r i m e r i -  

z a t i o n   c a t a l y s t ,   (c)  d e a c t i v a t i n g   s a i d   c a t a l y s t ,   and  ( d )  

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

a c t i v e   h y d r o g e n   compound   or  m i x t u r e s   t h e r e o f .  

10.  A  p r o c e s s   fo r   p r e p a r i n g   a  d i s p e r s i b l e  

p o l y i s o c y a n u r a t e   p o l y m e r   by  (a)  p a r t i a l l y   r e a c t i n g   a n  

o r g a n i c   p o l y i s o c y a n a t e   w i t h   an  amine   to  form  a  b i u r e t ,   ( b )  

p o l y m e r i z i n g   the   p r o d u c t   of  (a)  in  an  o r g a n i c   s o l v e n t   in  t h e  

p r e s e n c e   of  an  e f f e c t i v e   amoun t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,  

(c)  d e a c t i v a t i n g   s a i d   c a t a l y s t ,   and  (d)  r e a c t i n g   t h e  

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

h y d r o g e n   compound  or  m i x t u r e s   t h e r e o f .  

11.  The  p r o c e s s   c l a i m   8  w h e r e i n   s a i d   p o l y m e r i z a -  

t i o n   is   c o n d u c t e d   in  t he   p r e s e n c e   of  an  a d d u c t   of  e q u i v a l e n t  

q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e ,   and  a  m o n o -  

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

12.  The  p r o c e s s   c l a i m   9  w h e r e i n   s a i d   p o l y m e r i z a -  

t i o n   is   c o n d u c t e d   in  t h e  p r e s e n c e   of  an  a d d u c t   of  e q u i v a l e n t  

q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e ,   and  a  m o n o -  

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



13.  The  p r o c e s s   of  c l a i m   10  w h e r e i n   s a i d  

p o l y m e r i z a t i o n   is   c o n d u c t e d   in  t he   p r e s e n c e   of  an  a d d u c t   o f  

e q u i v a l e n t   q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e   and  a  

m o n o f u n c t i o n a l   a c t i v e   h y d r o g e n   c o m p o u n d .  
14.  A  p r o c e s s   fo r   p r e p a r i n g   a  d i s p e r s i o n   o f  

p o l y i s o c y a n u r a t e   p o l y m e r   in  a  p o l y o l   by  (a)  p o l y m e r i z i n g   a n  

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

of  an  e f f e c t i v e   a m o u n t   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   ( b )  

d e a c t i v a t i n g   s a i d   p o l y m e r i z a t i o n   c a t a l y s t ,   (c)  r e a c t i n g   t h e  

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

h y d r o g e n   compound   or  m i x t u r e s   t h e r e o f ,   (d)  m i x i n g   t h e  

s o l u t i o n   w i t h   a  p o l y o l ,   and  (e)  r e m o v i n g   t h e   o r g a n i c  

s o l v e n t .  

15.  The  p r o c e s s   of  c l a i m   14  w h e r e i n   s a i d  

p o l y m e r i z a t i o n   i s   c o n d u c t e d   in  t he   p r e s e n c e   of  an  a d d u c t   o f  

e q u i v a l e n t   q u a n t i t i e s   of  an  o r g a n i c   p o l y i s o c y a n a t e   and  a  

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

16.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t h e   i m p r o v e -  

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

p o l y m e r   p r e p a r e d   by  t he   p r o c e s s   of  c l a i m   8 .  

17.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t he   i m p r o v e -  



ment   c o m p r i s e s   the   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l   of  t h e  

p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of  c l a i m   9 .  

18.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t he   i m p r o v e -  

ment   c o m p r i s e s   the   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l   of  t h e  

19.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t he   i m p r o v e -  

ment   c o m p r i s e s   the   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l   of  t h e  

p o l y m e r   p r e p a r e d   by  the   p r o c e s s   o f  c l a i m   1 1 .  

20.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t he   i m p r o v e -  

ment   c o m p r i s e s   the   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l   of   t h e  

p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of  c l a i m   1 2 .  

21.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t he   i m p r o v e -  

ment   c o m p r i s e s   the   use  of  a  d i s p e r s i o n   i n  s a i d   p o l y o l   of  t h e  

p o l y m e r   p r e p a r e d   by  the   p r o c e s s   o f  c l a i m   1 3 .  

22.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t he   i m p r o v e -  



ment   c o m p r i s e s   t h e   u se   of  a  d i s p e r s i o n   in  s a i d   p o l y o l   of   t h e  

p o l y m e r   p r e p a r e d   by  t h e   p r o c e s s   of  c l a i m   1 4 .  

23.  In  a  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

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

b l o w i n g   a g e n t   and  o p t i o n a l l y   o t h e r   a d d i t i v e s ,   t h e   i m p r o v e -  

men t   c o m p r i s e s   t he   use   of   a  d i s p e r s i o n   in  s a i d   p o l y o l   of  t h e  

p o l y m e r   p r e p a r e d   by  t h e   p r o c e s s   of  c l a i m   1 5 .  

24.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t h e   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   thp   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l  

o f   t h e   p o l y m e r   p r e p a r e d ' b y   t h e   p r o c e s s   of  c l a i m   8 .  

25.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t h e   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   t h e   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l  

of  t he   p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of  c l a i m   9 .  

26.   In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t he   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   t he   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l  

of   t h e   p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of   c l a i m   1 0 .  

27.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t h e   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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



i m p r o v e m e n t   c o m p r i s e s   t he   use   of  a  d i s p e r s i o n   in  s a i d   p o l y o l  

of  t he   p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of  c l a i m   1 1 .  

28.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  the   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   t he   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l  

of  t h e   p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of   c l a i m   1 2 .  

29.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t h e   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   t he   use   of  a  d i s p e r s i o n   in  s a i d   p o l y o l  

of  t he   p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of  c l a i m   1 3 .  

30.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t he   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   the   use  of  a  d i s p e r s i o n   in  s a i d   p o l y o l  
of  t h e   p o l y m e r   p r e p a r e d   by  t he   p r o c e s s   of  c l a i m   1 4 .  

31.  In  a  n o n - c e l l u l a r   p o l y u r e t h a n e   p r o d u c t  

p r e p a r e d   by  t h e   r e a c t i o n   of  a  p o l y o l ,   an  o r g a n i c   p o l y i s o -  

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

i m p r o v e m e n t   c o m p r i s e s   t he   use  o f  a   d i s p e r s i o n   in  s a i d   p o l y o l  
of  t he   p o l y m e r   p r e p a r e d   by  the   p r o c e s s   of  c l a i m   1 5 .  
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