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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  

foams  p r e p a r e d   from  p a r t i a l l y   e t h e r i f i e d   m e t h y l o l a m i n e s   w i t h  

p o l y i s o c y a n a t e s   in  the   p r e s e n c e   of  t r i m e r i z a t i o n   c a t a l y s t 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   the  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   foam  p r o d u c t s .  

U.  S.  P a t e n t   4 , 1 3 9 , 5 0 1   t e a c h e s   the  p r e p a r a t i o n   o f  

p o l y u r e t h a n e   foam  w i t h   e n h a n c e d   f lame  r e t a r d a n c y   by  t h e  

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

m i x t u r e   wi th   a  h y d r o x y l m e t h y l m e l a m i n e   d e r i v a t i v e   a n d  

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

U.  S.  P a t e n t   4 , 1 9 7 , 3 7 3   t e a c h e s   the  p r e p a r a t i o n   o f  

flame  r e t a r d a n t   p o l y u r e t h a n e   foams  from  a  r e a c t i o n   m i x t u r e  

c o n t a i n i n g   the  r e a c t i o n   p r o d u c t s   of  melamine   and  c h l o r a l   a n d  

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

U.  S.  P a t e n t   3 , 1 3 5 , 7 0 7   t e a c h e s   the  use  of  p a r -  

t i a l l y   a l k y l a t e d   p o l y m e t h y l o l m e l a m i n e s   for  the  p r e p a r a t i o n  

of  p o l y u r e t h a n e   f oams .   There   is  no  t e a c h i n g   in  the  p r i o r  

a r t   t h a t   improved   f l ame   r e t a r d a n t   p o l y i s o c y a n u r a t e   foams  may 

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

e i t h e r   a l o n e   or  in  c o m b i n a t i o n   wi th   o t h e r   p o l y o l 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  the   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   foams  by  r e a c t i n g   p a r t i a l l y   e t h e r i f i e d  

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

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

In  a c c o r d a n c e   w i t h   the  i n v e n t i o n ,   e t h e r i f i e d  

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

s o l u t i o n   of  f o r m a l d e h y d e   w i t h   melamine   e m p l o y i n g   an  a l k a l i n e  

c a t a l y s t .   A f t e r   the  r e a c t i o n   has  p r o c e e d e d   at   e l e v a t e d  

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

added ,   f o l l o w e d   by  an  a c i d   c a t a l y s t   and  the  e t h e r i f i c a t i o n  

p r o c e s s   is   a l l o w e d   to  p r o c e e d .   A f t e r   the  r e a c t i o n   i s  

c o m p l e t e ,   the  p r o d u c t   is  o b t a i n e d   by  n e u t r a l i z a t i o n   of  t h e  

a c i d   f i l t r a t i o n   of  the  s a l t s ,   and  vacuum  s t r i p p i n g   of  t h e '  

v o l a t i l e s .  

The  e t h e r i f i e d   m e t h y l o l m e l a m i n e   e m p l o y e d   in  t h e  

i n v e n t i o n   is  the  c o n d e n s a t i o n   p r o d u c t   of  m e l a m i n e   a n d  

f o r m a l d e h y d e   in  the  f i r s t   s t a g e   of  the  r e a c t i o n .   In  t h e  

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

a l c o h o l   w i t h   the  m e t h y l o l m e l a m i n e   to  form  a  p r o d u c t   h a v i n g  

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  is  an  i n t e g e r   from  0  to  2 

R  is  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

-  OH, 

-  O - C x H 2 x + 1 ,  

-  O-CxH2xOCxH2xOH. 

-  O - C x H 2 x - y + 1 Y y ,  

-  O - C z H 2 z - 1  ,  

O 

-  P - ( O R ' ) 2 ,  

- O - C x H 2 x N H - R ' ,  

- O - C x H 2 x - N H - C x H 2 x - O H ,  

a n d  

-  O - C x H 2 x - O - R '  

w h e r e i n   y  is  an  i n t e g e r   from  1  to  3  and  R'  is  an  a l k y l  

c o n t a i n i n g   1  to  4  ca rbon   a toms ,   x  is  an  i n t e g e r   from  1  to  5, 

Y  is  b romine   or  c h l o r i n e ,   and  z  is  an  i n t e g e r   from  2  to  5 

and  with  the  p r o v i s o   t h a t   at  l e a s t   two  of  the  R  g roups   a r e  

OH. 

The  p r e f e r r e d   r a t i o   of  f o r m a l d e h y d e   to  melamine  i s  

7:1  to  8:1  w h i l e   the  p r e f e r r e d   r a t i o   of  a l c o h o l   to  m e l a m i n e  

is  13:1  to  1 5 : 1 .  



Any  a l k a l i n e   c a t a l y s t   may  be  e m p l o y e d .   E x a m p l e s  

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

m e t h o x i d e   e t c .   The  a c i d   c a t a l y s t s   which  may  be  e m p l o y e d   a r e  

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

a c i d .   The  h y d r o x y l   g r o u p   c o n t a i n i n g   compounds  which  may  b e  

emp loyed   for   the  e t h e r i f i c a t i o n   a re   t hose   which  have  t h e  

f o r m u l a :  

CxH2x+1OH, 

HOCxH2xOCxH2xOH, 

CxH2x-y+1YyOH, 

CzH2z-1OH,  

HOCxH2xNH-R',  

HO-CxH2x-NH-CxH2x-OH, 

a n d  

HO-CxH2x-O-R'  

w h e r e i n   x,  y,  z,  R'  and  Y  a r e   as  d e f i n e d   a b o v e .  

It   is  f u r t h e r   c o n t e m p l a t e d   t h a t   compounds  h a v i n g  

the  f o r m u l a :  



may  be  employed   w h e r e i n   R'  is  an  a l k y l   r a d i c a l   c o n t a i n i n g  

from  1  to  4  c a r b o n   a t o m s .  

The  p h o s p h o r u s   compounds  are  g e n e r a l l y   e m p l o y e d   i n  

c o m b i n a t i o n   wi th   the   o t h e r   compounds  l i s t e d   a b o v e  i n   o r d e r  

to  p r o v i d e   t h a t   a t   l e a s t   two  R  g roups   a re   OH. 

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

r e a c t e d   wi th   p o l y i s o c y a n a t e s   in  the  p r e s e n c e   of  t r i m e r i z a -  

t i o n   c a t a l y s t s   and  b l o w i n g   a g e n t s   to  p r o d u c e   p o l y i s o c y a -   . 

n u r a t e   f o a m s .  

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  the  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 rmula   R ' (NCO)z   where  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   which  is  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   which  c o r r e s p o n d s   to  the  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  the  types   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 ,   fo r   e x a m p l e ,   1 , 2 -  

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

the  t r i i s o c y a n a t e s   such  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  the  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 r e   t o l u 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 ,   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   foams  of  the  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   compounds   a s  

t r i m e r i z a t i o n   c a t a l y s t s .   Examples   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   me t a l   p h e n o l a t e s ,   a l k a l i   me t a l   h y -  

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

from  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 ;   the  a l k y l e n e   ox ide   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  the  a l k y l e n e   ox ide   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  p o t a s s i u m   o c t a n o a t e ,   sodium  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   compounds .   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  

from  1  to  24  c a rbon   a toms ,   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   atoms  and  a l k y l   c a r b o n a t e s   may  be  used  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  employed   in  the  p r e s e n t   i n v e n t i o n   i s  

from  0 .001   p a r t   to  20  p a r t s   of  c a t a l y s t   pe r   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  be  

e m p l o y e d   for   the  p o l y m e r i z a t i o n   r e a c t i o n   may  r ange   from  25°C 

to  230°C,   p r e f e r a b l y   from  15°C  to  1 2 0 ° C .  



In  a c c o r d a n c e   wi th   the  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   the  e t h e r i f i e d   m e t h y l o l m e l a m i n e   in  t h e  

p r e s e n c e   of  b l o w i n g   a g e n t s ,   t r i m e r i z a t i o n   c a t a l y s 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   which  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  the  a b s e n c e   o f  

b l o w i n g   a g e n t s .  

T y p i c a l   o p t i o n a l   p o l y o l 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  foams  of  the  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 ,   a n d  

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   as  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  

of  c o m p o u n d s   which  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  a s  

amino  a l c o h o l s   which  c o n t a i n   an  amino  g roup   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   oxide   a d d u c t s   of  compounds   w h i c h  

c o n t a i n   one  -SH  group  and  one  -0H  group  as  w e l l   as  t h o s e  

which  c o n t a i n   an  amino  group  and  a  -SH  g roup   may  be  u s e d .  

G e n e r a l l y ,   the  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  

from  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  be  

used   such  as  a re   o b t a i n e d ,   for   e x a m p l e ,   f rom  the  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 ,   a - h y d r o m u c o n i c   a c i d ,   ß - 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  l , 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  used  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 ,   l , 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   the  t e r m  

" p o l y h y d r i c   a l c o h o l "   are  compounds  d e r i v e d   from  pheno 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  the  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   wi th   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  used  such  as  t h o s e   d i s c l o s e d   above  for   use  i n  

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



s u i t a b l e   a l k y l e n e   ox ide   may  be  used   s u c h   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   from  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   or  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   are   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   from  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  o r  m o r e   a l k y l e n 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  be  p r e p a r e d   by  any  known 

p r o c e s s   such  as ,   for   example ,   the  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 ,   Vol.  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 ,   Inc .   ( 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   which  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   hav ing   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   which  may  b e  

c o n d e n s e d   wi th   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 q  

p r o d u c t   of  t h i o d i g l y c o l   or  the  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   above  fo r   t h e  

p r e p a r a t i o n   of  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 s   wi th   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 . a m i d e   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  the   r e a c t a n t s   for   the  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 .   Thus,   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   by 

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   wi th   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  they  may  be  made 

u s i n g   the  same  c o m p o n e n t s   t h a t   make  up  the  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   on ly   a  p o r t i o n   of  the  c o m p o n e n t s   be ing   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   compounds  w h i c h  

may  be  used  i n c l u d e   t h o s e   compounds  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  

compounds  are  p r e p a r e d   from  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   hav ing   a  P205  e q u i v a l e n c y   of  from  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   which  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   wi th   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   ox ide   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   which   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   sucha   s  1 , 2 - e t h a n e d i t h i o l ,   1 , 2 - p r o g 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   which  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   amines   such  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 ,   the  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   amines   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 .  

Wate 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  compounds  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   which  may  be  employed   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 roup   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   which  r e a c t  

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

These  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 .  

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  high  g rade   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  same,  the  f o a m s  

c o l l a p s e   or  c o n t a i n   very  l a r g e   u n e v e n   c e l l s .   Numerous  

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 r e   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  the  w e l l - k n o w n  

s i l i c o n e s  h a v e   been  found  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   wh ich   a r e   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  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   are  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  

are   e m p l o y e d .  



E t h e r i f y i n g   a g e n t   A -   b u t a n o l  

B  -   m e t h a n o l  

C  -   d i b r o m o p r o p a n o l  

D -   t r i c h l o r o e t h a n o l  

E  -   2 - e t h o x y e t h a n o l  

F  -   f u r f u r y l   a l c o h o l  

G  -   a l l y l   a l c o h o l  

H -   2 - c h l o r o e t h a n o l  

I  -   d i e t h y l e n e   g l y c o l  

J  -   d i e t h a n o l a m i n e  

K -   d i e t h y l p h o s p h i t e  

L  -   N - m e t h y l e t h a n o l a m i n e  

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

hav ing   a  h y d r o x y l   number  of  4 0 0 .  

Freon  11A  -  m o n o c h l o r o t r i f l u o r o m e t h a n e   so ld   by  E.  I .  

-  d u P o n t   de  Nemours  &  Co.  

L-5303  -  a  s i l i c o n e   s u r f a c t a n t  

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  

T-9  -  s t a n n o u s   2 - e t h y l h e x a n o a t e  



Examples   1 - 1 2  

I n t o   a  s u i t a b l e   r e a c t i o n   v e s s e l   e q u i p p e d   w i th   a  

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

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

o n e - h a l f   of  the  e t h e r i f y i n g   a g e n t   or  m i x t u r e s   t h e r e o f   in  t h e  

a m o u n t s   i n d i c a t e d   in  the  T a b l e   b e l o w .   The  amount   of  s o d i u m  

h y d r o x i d e   v a r i e d   from  0 .75   pbw  to  2 .0   pbw.  The  m i x t u r e   was  

h e a t e d   to  a b o u t   55'C  for   two  h o u r s .   A f t e r   c o o l i n g ,   t h e  

r e m a i n i n g   amount  of  e t h e r i f y i n g   a g e n t   was  added  and  t h e  

m i x t u r e   was  h e a t e d   to  35°C.  The  a l k a l i n e   c a t a l y s t   was  

n e u t r a l i z e d   wi th   n i t r i c   a c i d ,   the  r e a c t i o n   s o l u t i o n   was  t h e n  

vacuum  s t r i p p e d   at   50°C  to  r e m o v e  a l l   v o l a t i l e s .   The  

r e s i d u e   was  then  washed  w i th   m e t h y l e n e   c h l o r i d e ,   f i l t e r e d ,  

and  the  p r o d u c t   o b t a i n e d   by  vacuum  s t r i p p i n g   the  v o l a t i l e s  

a t   5 0 ° C .  





Examoles   1 3 - 2 4  

The  d e s i g n a t e d   r e s i n ,   wi th   or  w i t h o u t   a d d e d  

P o l y o l   A  (300  pbw),  9.0  pbw  Freon  11A,  4  p a r t s   L - 5 3 0 3 ,  

2.1  p a r t s   TDH  c a t a l y s t   and  0 .1  p a r t s   of  T-9  c a t a l y s t   w e r e  

mixed   f o r   30  s e c o n d s .   Crude  MDI  was  a d d e d ,   the  m i x t u r e   was  

s t i r r e d   f o r   10  s e c o n d s   and  the  e n t i r e   m i x t u r e   p o u r e d   i n t o   a  

o n e - g a l l o n   c o n t a i n e r   and  the  foam  was  a l l o w e d   to  r i s e .   The  

r e s u l t i n g   foams  were  c u r e d   a t   room  t e m p e r a t u r e   fo r   25 

h o u r s .   The  r e s i n s   employed   and  the  r e s u l t i n g   p h y s i c a l  

p r o p e r t i e s   of  the  foams  are   shown  in  T a b l e   II   b e l o w .  

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

r e t a i n e d   in  the  B u t l e r   ch imney   t e s t   a re   shown  when  t h e  

r e s i n s   of-  the  i n v e n t i o n   a re   e m p l o y e d .  





1.  A  p o l y i s o c y a n u r a t e   foam  p r e p a r e d   by  r e a c t i n g  

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

a g e n t ,   in  the  p r e s e n c e   of  a  t r i m e r i z a t i o n   c a t a l y s t ,   w h e r e i n  

the  p o l y o l   is  s e l e c t e d   from  the  g r o u p   c o n s i s t i n g   of  a  

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

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

amine   has  the  f o r m u l a  

w h e r e i n   n  is  an  i n t e g e r   from  0  to  2 .  

R  is  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

-  OH, 

-  O - C x H 2 x + 1 ,  

- O - C x H 2 x O C x H 2 x O H ,  

- O - C x H 2 x - y + 1 Y y  

-  O - C z H 2 z - 1 ,  



O 
* 

-  P - ( O R ' ) 2  ,  

-  O - C x H 2 x N H - R ' ,  

-  O-CxH2x-NH-CxH2x-OH,  

a n d  

w h e r e i n   y  is  an  i n t e g e r   from  1  to  3  and  R'  is  an  a l k y l  

c o n t a i n i n g   1  to  4  ca rbon   a t o m s .   x  is  1  to  5,  Y  is  b r o m i n e  

or  c h l o r i n e ,   z  is  an  i n t e g e r   from  2  to  5  and  p r o v i d e d   t h a t  

a t   l e a s t   two  R  g roups   are   OH. 

3.  The  foam  of  c l a i m   1  w h e r e i n   R  is  OH. 

4.  The  foam  of  c l a i m   1  w h e r e i n   R  is  OCxH2xOH. 

5.  The  foam  of  c l a i m   1  w h e r e i n   the  NCO:OH  i n d e x  

is  from  150  to  4 0 0 .  
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