
European  Patent  Office 

Office  europeen  des  brevets 

©   Publication  number: 0  1 4 9   7 9 5  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Int.  CI.4:  C  08  G  18 /48  
C  08  G  18 /14  

©  Priority:  27.12.83  US  565311  @  Applicant:  BASF  WYANDOTTE  CORPORATION 
1609  Biddle  Avenue 
Wyandotte  Michigan  48192(US) 

©  Date  of  publication  of  application: 
31.07.85  Bulletin  85/31  @  Inventor:  Hartman,  Robert  John 

14676  Yorkshire,  Southgate 
©  Designated  Contracting  States:  Michigan  481  95(US) 

AT  BE  CH  DE  FR  GB  IT  LI  NL 
©  Representative:  Karau,  Wolfgang  Dr. 

BASF  Aktiengesellschaft  Carl-Bosch-Strasse  38 
D-6700  Ludwigshafen(DE) 

(54)  Polyoxyalkylene  polyether  polyols  and  polyurethane  foams  prepared  therefrom. 
©  The  invention  relates  to  polyols  prepared  by  reacting 
ethylene  oxide  with  an  initiator  followed  by  additional 
alkylene  oxide.  The  ethylene  oxide  blocks  at  the  initiator 
ranges  from  1  to  30  weight  percent  based  on  the  weight  of 
the  polyol.  Polyurethane  foams  prepared  from  these  polyols 
exhibit  good  air  flow  and  improved  load  bearing  properties. 

<  

If) 
0)  

o  

Q. 
UI 

@  Application  number:  84115324.0 

©  Date  of  filing:  13.12.84 

Croydon  Printing  Company  Ltd. 

 T h e   invention  relates  to  polyols  prepared  by  reacting 
ethylene  oxide  with  an  initiator  followed  by  additional 
alkylene  oxide.  The  ethylene  oxide  blocks  at  the  initiator 
ranges  from  1  to  30  weight  percent  based  on  the  weight  of 
the  polyol.  Polyurethane  foams  prepared  from  these  polyols 
exhibit  good  air  flow  and  improved  load  bearing  properties. 



The  i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   t h e  

p r e p a r a t i o n   of  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 ,   t h e  

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

t h e r e f r o m .   More  p a r t i c u l a r l y ,   the   i n v e n t i o n   r e l a t e s   to  t h e  

p r e p a r a t i o n   of  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   by  r e a c t i n g  

an  i n i t i a t o r   compound  or  m i x t u r e s   t h e r e o f   w i t h   e t h y l e n e  

o x i d e   in  the   p r e s e n c e   of  an  a l k a l i n e   c a t a l y s t   and  s u b s e -  

q u e n t l y   r e a c t i n g   the  i n t e r m e d i a t e   p r o d u c t   w i th   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   or  a  h e t e r i c   m i x t u r e   s e l e c t e d   from  t h e  

g r o u p   c o n s i s t i n g   of  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   a n d  

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

p r o p y l e n e   o x i d e   or  b u t y l e n e   o x i d e .  

The  p r e p a r a t i o n   of  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   is  w e l l   known  to  t h o s e   s k i l l e d   in  the  a r t .   I t   i s  

a l s o   w e l l   known  t h a t   a  high  o x y e t h y l e n e   c o n t e n t   can  have  a n  

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

G e n e r a l l y   the  foams  have  c l o s e d   c e l l s .   The  p r i o r   a r t ,  

h o w e v e r ,   is  s i l e n t   on  the  f a c t   t h a t   a  b l o c k   of  e t h y l e n e  

o x i d e   c o n s t i t u t i n g   as  much  as  30  p e r c e n t   of  the  t o t a l  

m o l e c u l e   may  be  added   to  the  i n i t i a t o r   m o l e c u l e   w i t h o u t  

c r e a t i n g   e x c e s s i v e   amoun t s   of  c l o s e d   c e l l s   in  the   p o l y -  



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

b e a r i n g   p r o p e r t i e s .  

The  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   h a v i n g   a  

h y d r o x y l   number   of  a b o u t   20  to  200  and  f u n c t i o n a l i t y   of  2 . 5  

to  8  c o m p r i s e s   (a)  an  o r g a n i c   i n i t i a t o r   compound  or  m i x t u r e s  

t h e r e o f   h a v i n g   from  2  to  12  c a r b o n   a toms  and  2  to  8  a c t i v e  

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

30  to  a b o u t   50,  ( b )  a n   e t h y l e n e   o x i d e   a d d u c t   a d j a c e n t   to  t h e  

i n i t i a t o r   c o m p r i s i n g   f rom  1  to  30  w e i g h t   p e r c e n t   b a s e d   o n  

the  t o t a l   w e i g h t   of  the   p o l y o l ,   and  (c)  a  s u b s e q u e n t  

a l k y l e n e   o x i d e   a d d u c t   s e l e c t e d   f rom  the  g roup   c o n s i s t i n g   o f  

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   and  a  h e t e r i c   m i x t u r e   o f  

e t h y l e n e   o x i d e   and  p r o p y l e n e   o x i d e   or  e t h y l e n e   o x i d e   a n d  

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

c o n t e n t   does   no t   e x c e e d   30  w e i g h t   p e r c e n t   b a s e d   on  t h e  

w e i g h t   of  the   p o l y o l   and  o p t i o n a l l y   f u r t h e r   p r o v i d e d   t h a t  

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

p r o p y l e n e   o x i d e   is  made  to  cap  the  p r o d u c t .  

P r e f e r a b l y   the   c o n c e n t r a t i o n   of  e t h y l e n e   o x i d e  

a d d u c t   a t   the  i n i t i a t i o n   r a n g e s   from  a b o u t   5  to  a b o u t   20 

w e i g h t   p e r c e n t   b a s e d   on  t h e   w e i g h t   of  the  p o l y o l .  

S u i t a b l e   a l k y l e n e   o x i d e s   which  may  be  e m p l o y e d  

have  2  t o  4   c a r b o n   a t oms   in  t he   a l k y l e n e   c h a i n   and  w e i g h t s  

of  44  to  120,  p r e f e r a b l y   44  to  72,  i n c l u d e   e t h y l e n e   o x i d e ,  



1 , 2 -   and  2 , 3 - b u t y l e n e   o x i d e   and  1 , 2 - p r o p y l e n e   o x i d e .   O t h e r  

o x i d e s   which   may  be  e m p l o y e d   i n c l u d e   s t y r e n e   o x i d e   a n d  

c y c l o h e x e n e   o x i d e .  

P o s s i b l e   i n i t i a t o r   compounds   i n c l u d e   t h o s e   w i t h  

e q u i v a l e n t   w e i g h t s   o f  3 0   to  50,  and  which  c o n t a i n   2  t o   8 

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

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

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

f o l l o w i n g :   a m m o n i a ,   h y d r a z i n e ,   a l i p h a t i c   and  a r o m a t i c ,  

p o s s i b l y   N - m o n o a l k y l ,   N,N-  and  N , N ' - d i a l k y l   s u b s t i t u t e d  

d i a m i n e s   h a v i n g   1  to  4  c a r b o n   a toms  in  the  a l k y l   r a d i c a l  

such  as  mono-  and   d i a l k y l - s u b s t i t u t e d   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 ,   t r i e t h y l e n e t e t r a m i n e ,   1 , 3 - p r o p y l e n e -  

d i a m i n e ,   1 , 3 -   or   1 , 4 - b u t y l e n e d i a m i n e ,   1 , 2 - ,   1 , 3 - ,   1 , 4 - ,   1 , 5 -  

and  1 , 6 - h e x a m e t h y l e n e d i a m i n e ,   p h e n y l e n e d i a m i n e ,   2 , 4 -   a n d  

2 , 6 - t o l u e n e d i a m i n e ,   and  4 , 4 ' - ,   2 , 4 ' -   and  2 , 2 ' - d i a m i n o d i -  

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

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

t o l u i d i n e s   and  n a p h t h y l a m i n e s ;   a l k a n o l a m i n e s   such  a s  

e t h a n o l a m i n e ,   d i e t h a n o l a m i n e ,   N - m e t h y l -   and  N - e t h y l - d i -  

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

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

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

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

s o r b i t o l ,   a - m e t h y l g l u c o s i d e   and  s u c r o s e .  



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

w i t h   h i g h e r   f u n c t i o n a l i t y   p r o d u c t s   to  a c h i e v e   a  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   f u n c t i o n a l i t y   of  2 . 5   or  g r e a t e r .  

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

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

Commonly  u s e d   c a t a l y s t s   i n c l u d e   t he   a l k a l i   m e t a l  

a l k o x i d e s   h a v i n g   1  to  4  c a r b o n   a toms  in  the   a l k y l   r a d i c a l  

such   as  s o d i u m   m e t h y l a t e ,   sodium  and  p o t a s s i u m   e t h y l a t e ,  

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

m e t a l   h y d r o x i d e s   s u c h   as  c a l c i u m   h y d r o x i d e   and  p r e f e r a b l y  

a l k a l i   m e t a l   h y d r o x i d e s   such  as  l i t h i u m   h y d r o x i d e   and  m o s t  

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

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

h y d r o x y l   n u m b e r s   of  20  to  200,  p r e f e r a b l y   25  to  80,  a n d  

f u n c t i o n a l i t i e s   of  2 .5   to  8 .  

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

the  r e s i d u a l   c a t a l y s t   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   n e u t r a l i z a i t o n   w i t h   a c i d s ,  

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

w a t e r   w a s h i n g   or  ion  e x c h a n g e .  

The  p o l y u r e t h a n e   foams  e m p l o y e d   in   t he   p r e s e n t  

i n v e n t i o n   a r e   g e n e r a l l y   p r e p a r e d   by  the  r e a c t i o n   of  t h e  

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

the  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 h e  



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  

fo r   the  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 , 3 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 .  

When  w a t e r   is  added   as  the  b l o w i n g   a g e n t ,   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   the  w a t e r   a n d  

p r o d u c e   c a r b o n   d i o x i d e   may  be  u s e d .   I t   is  p o s s i b l e   t o  

p r o c e e d   w i t h   the  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   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   is  r e a c t e d   in  a  f i r s t   s t e p   w i t h   the  p o l y o l   of  t h e  

p r e s e n t   i n v e n t 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   which,  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   a n d / o r   a d d i t i o n a l   p o l y o l   to  p r e p a r e   a  f o a m .  

A l t e r n a t i v e l y ,   the  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   commonly  known  as  the   " o n e - s h o t "   t e c h n i q u e   o f  

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 ,   l ow  

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  as  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   s u c h   as  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 .  



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

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

c y a n a t e a   and  c o m b i n a t i o n s   t h e r e o f .   R e p r e s e n t a t i v e   of  t h e s e  

t y p e s   a r e   the  d i i s o c y a n a t e s   such  as  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 ,   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 ,   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 ,   c y c l o h e x a n e - 1 , 4 -  

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   (and  i s o m e r s ) ,  

n a p h t h a l e n e - 1 , 5 - d i u s i c t a b a t e ,   1 - m e t h o x y p h e n y l - 2 , 4 - d i i s o -  

c y a n a t e ,   4 , 4 1 - 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 ' - b i p h e n y l   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 l m e t h a n e - 4 , 4 ' - d i i s i c t a b a t e ;   the   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 ,   and  t o l u e n e  

2 , 4 , 6 - t r i i s o c y a n a t e ;   and  the   t e t r a i s o c y a n a t e s   such   a s  

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

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

Crude  p o l y i s o c y a n a t e s   may  a l s o   be  used   in  t h e  

c o m p o s i t i o n s   of  the   p r e s e n t   i n v e n t i o n ,   such   as  c rude   t o l u e n e  

d i i s o c y a n a t e   o b t a i n e d   by  the   p h o s g e n a t i o n   of  a  m i x t u r e   o f  

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



o b t a i n e d   by  t he   p h o s g e n a t i o n   of  c rude   d i p h e n y l m e t h a n e  

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

in  U.S.   P a t e n t   No.  3 , 2 l 5 , 6 5 2 .  

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

the  p r e p a r a t i o n   of  the   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  

compounds   h a v i n g   a t   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 toms   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   the  p r e p o l y m e r   than   does   w a t e r   s u c h  

as  p h e n y l e n e   d i a m i n e ,   l , 4 - c y c l o h e x a n e - b i s - ( m e t h y l 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   may  be  used   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 e t h a n o l a m i n e ,  

N - c o c o m o r p h o l i n e ,   l - 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 p r o p y l d i m e t h 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 ,   3 - d i e t h y l a m i n o p r o p y l d i e t h y l 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  the  l i k e .   O the 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 ,   s t a n n o u s   c h l o r i d e , 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 ,   s t a n n o u s   o x i d 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   s u c h   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 .  

A  s u r f a c e - a c t i v e   a g e n t   is  g e n e r a l l y   n e c e s s a r y   f o r  

p r o d u c t i o n   of  h igh   g r a d e   p o l y u r e t h a n e   foam  a c c o r d i n g   to  t h e  

p r e s e n t  i n v e n t i o n ,   s i n c e   in  the  a b s e n c e   of  s ame ,   the   f o a m s  

c o l l a p s e   or  c o n t a i n   v e r y   l a r g e   uneven  c e l l s .   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  found  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 re   p r e f e r r e d .   Of  t h e s e ,   t h e  

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   such  as  t he   w e l l - k n o w n  

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   which   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  long   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 a n o l a m i n e   s a l t s   of  long   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  the  p r e p a r a t i o n   of  the  f l a m e   r e t a r d a n t   p o l y -  

u r e t h a n e   foam  p r o d u c t s   the  f l ame   r e t a r d a n t s   w h i c h   may  b e  

e m p l o y e d   a r e :   p e n t a b r o m o d i p h e n y l   o x i d e ,   d i b r o m o p r o p a n o l ,  

t r i s ( 6 - c h l o r o p r o p y l ) p h o s p h a t e ,   2 , 2 - b i s ( b r a m o e t h y l )   1 , 3 -  

p r o p a n e d i o l ,   t e t r a k i s ( 2 - c h l o r o e t h y l ) e t h y l e n e   d i p h o s p h a t e ,  

t r i s ( 2 , 3 - d i b r o m o p r o p y l ) p h o s p h a t e ,   t r i s ( β - e h l o r o e t h y l ) -  

p h o s h a t e ,   t r i s ( 1 , 2 - d i c h l o r o p r o p y l ) p h o s p h a t e ,   b i s - ( 2 - c h l o r o -  

e t h y l )   2 - c h l o r o e t h y l p h o s p h o n a t e ,   mo lybdenum  t r i o x i d e ,  

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

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



d i b r o m o e t h y l -   d i b r o m o c y c l o h e x a n e .   The  c o n c e n t r a t i o n s   o f  

f lame  r e t a r d a n t   c o m p o u n d s   which   may  be  e m p l o y e d   r a n g e   f rom  5 

to  25  p a r t s   p e r   100  p a r t s   of  p o l y o l   m i x t u r e .  

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

the  i n v e n t i o n .   Al 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  

s t a t e d .   In  the   e x a m p l e s ,   the  p h y s i c a l   p r o p e r t i e s   of  t h e  

p o l y u r e t h a n e   foam  were   d e t e r m i n e d   by  the  f o l l o w i n g   ASTM 

t e s t s :  

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   in  t h e  

e x a m p l e s   b e l o w :  



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

P r o c e d u r e  

The  i n d i c a t e d   a m o u n t s   in  the  t a b l e s   be low  o f  

g l y c e r i n e   and  45  p e r c e n t   p o t a s s i u m   h y d r o x i d e   were   c h a r g e d   t o  

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

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

f o l l o w e d   by  the  a d d i t i o n   of  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  

or  p r o p y l e n e   g l y c o l   as  i n d i c a t e d ,   and  the   m i x t u r e   w a s  

a l l o w e d   to  r e a c t   a t   a b o u t   105°C  ove r   a  t o t a l   t ime   p e r i o d   o f  

7  to  8  hou r s   u n d e r   n i t r o g e n   p r e s s u r e .   The  r e a c t i o n   m i x t u r e  

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

were  made  f o l l o w e d   by  s t r i p p i n g   o f f   the   w a t e r .   E t h y l e n e  

o x i d e   and  p r o p y l e n e   o x i d e   a d d i t i o n s   were  then   made  and  t h e  

m i x t u r e   a l l o w e d   to  r e a c t   a t   105°C  fo r   an  a d d i t i o n a l   7  to  8 

h o u r s .   This   p r o c e d u r e   was  r e p e a t e d   w i t h   a d d i t i o n a l   o x i d e  

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

f i l t e r e d   to  r emove   the   c a t a l y s t ,   s t r i p p e d   at   105°C  f o r  

1  hour  and  d i s c h a r g e d   from  the  r e a c t o r .  







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

The  i n d i c a t e d   a m o u n t s   of   p o l y o l ,   w a t e r ,   Dabco  33LV 

and  S i l i c o n e   L-520  were  added   in  a  s u i t a b l e   c o n t a i n e r   a n d  

mixed   fo r   a b o u t   30  s e c o n d s .   C a t a l y s t   T-9  was  added   and  t h e  

m i x t u r e   was  s t i r r e d   fo r   15  s e c o n d s .   TDI  was  then   a d d e d ,   t h e  

m i x t u r e   was  s t i r r e d   f o r   5  to  10  s e c o n d s   and  p o u r e d   i n t o  

s u i t a b l e   c o n t a i n e r s .   A f t e r   t he   foam  had  f o r m e d ,   i t   w a s  

c u r e d   in  an  oven  a t   115°C  f o r   5  to  10  m i n u t e s .   P h y s i c a l  

p r o p e r t i e s   were  then   d e t e r m i n e d .  







E x a m p l e s   2 0 - 2 9  

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

p o l y o l s   of  Examples   2 0 - 2 9   was  s i m i l a r   to  t h a t   of  E x a m p l e s  

1 - 1 0 .  







Examples   3 0 - 3 7  

The  p r o c e d u r e   and  f o r m u l a t i o n   e m p l o y e d   in  E x a m p l e s  

11-19   we re   e m p l o y e d   fo r   the  p r e p a r a t i o n   of  t he   foams  o f  

E x a m p l e s   3 0 - 3 7   w i t h   the  e x c e p t i o n   of  the   p o l y o l s   a s  

i n d i c a t e d  i n   T a b l e s   V I I I   and  XI.  The  foam  p r o p e r t i e s  

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

s t r u c t u r e   l o c a t e d   as  a  b l o c k   a t   the  i n i t i a t o r   r e s u l t e d   in  a  

f a s t e r   r i s e   t ime ,   h i g h e r   ILD  w i t h o u t   e x c e s s i v e   c l o s e d   c e l l s  

as  i n d i c a t e d   a i r   f l o w .  







1.  A  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   h a v i n g   a  

h y d r o x y l   number   of  a b o u t   20  to  200  and  f u n c t i o n a l i t y   of  2 . 5  

to   8  c o m p r i s i n g  

(a)  an  o r g a n i c   i n i t i a t o r   compound  h a v i n g   f r o m  

2  to  8  a c t i v e   h y d r o g e n   g r o u p s   and  2  to  12  

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

r a n g i n g   from  a b o u t   30  to  a b o u t   5 0 .  

(b)  an  e t h y l e n e   o x i d e   a d d u c t   a d j a c e n t   to  t h e  

i n i t i a t o r   c o m p r i s i n g   from  1  to  30  w e i g h t  

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

p o l y o l ,   a n d  

(c)  a  s u b s e q u e n t   a l k y l e n e   o x i d e   a d d u c t  

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

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   and  a  

h e t e r i c   m i x t u r e   of  e t h y l e n e   o x i d e   a n d  

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

e t h y l e n e   o x i d e   c o n t e n t   does   not   exceed   30 

w e i g h t   p e r c e n t   b a s e d   on  the  w e i g h t   of  t h e  

p o l y o l   and  f u r t h e r   p r o v i d e d   t h a t   when  t h e  

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

a d d i t i o n   of  p r o p y l e n e   o x i d e   is   m a d e .  



2.  The  p o l y o l   of  c l a i m   1  w h e r e i n   t h e   i n i t i a t o r   i s  

s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   of  p r o p y l e n e   g l y c o l ,  

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

3.  The  p o l y o l   o f  c l a i m   1  w h e r e i n   t h e   c o n c e n t r a -  

t i o n   of  e t h y l e n e   o x i d e   a t   the  i n i t i a t o r   r a n g e s   f rom  a b o u t   5 

to  a b o u t   15  w e i g h t   p e r c e n t   b a s e d   on  t h e  w e i g h t   of  t h e  

p o l y o l .  

4.  A  p r o c e s s   fo r   the  p r e p a r a t i o n   of   a  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   h a v i n g   a  h y d r o x y l   n u m b e r   of  a b o u t  

20  to  200  and  f u n c t i o n a l i t i e s   of  2 .5   to  8  c o m p r i s i n g   t h e  

s t e p s   of  r e a c t i n g  

(a)   an  o r g a n i c   i n i t i a t o r   c o m p o u n d   h a v i n g   f r o m  

2  to  8  a c t i v e   h y d r o g e n   g r o u p s ,   2  to  12  

c a r b o n   a toms  and  an  e q u i v a l e n t   w e i g h t  

r a n g i n g   from  30  to  5 0 ,  

(b)  e t h y l e n e   o x i d e   in  an  a m o u n t   f rom  1  to  20 

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

of  t he   p o l y o l ,   a n d  

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

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

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

e t h y l e n e   o x i d e   c o n t e n t   d o e s   no t   e x c e e d   30  

w e i g h t   p e r c e n t   b a s e d   on  t h e   w e i g h t   of  t h e  

p o l y o l ,   in  the  p r e s e n c e   of  a  c a t a l y s t .  



5.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   t he   i n i t i a t o r  

is   s e l e c t e d   f r o m   the  g roup   c o n s i s t i n g   of  p r o p y l e n e   g l y c o l ,  

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

6.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   the   c o n c e n t r a -  

t i o n   of  e t h y l e n e   o x i d e   a t   the   i n i t i a t o r   r a n g e s   f rom  a b o u t   5 

to  a b o u t   15  w e i g h t   p e r c e n t   b a s e d   on  the   w e i g h t   of  t h e  

p o l y o l .  

7.  A  f l e x i b l e   p o l y u r e t h a n e   foam  p r e p a r e d   b 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   the  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   of  c l a i m   1 .  

8.  A  f l e x i b l e   p o l y u r e t h a n e   foam  p r e p a r e d   b 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   the  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   of  c l a i m   2 .  

9.  A  f l e x i b l e   p o l y u r e t h a n e   foam  p r e p a r e d   b 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   the  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   of  c l a i m   3 .  
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