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©  Phenolic  polyols  and  rigid  cellular  compositions  derived  therefrom. 
Modified  benzyl  ether-containing  resole  polyols  derived 

from  phenol,  paraformaldehyde  and  an  aliphatic  hydroxyl 
compound  are  prepared  using  a  metal  derivative  as  a 
catalyst.  These  polyols  react  with  organic  polyisocyanates  to 
yield  closed  cell,  low  friability,  low  combustibility,  rigid 
polyurethane  foams  without  the  need  for  post  curing  a t  
elevated  temperature.  They  are  also  useful  in  the  preparation 
of  modified  rigid  polyisocyanurate  foams. 



T h i s   i n v e n t i o n   r e l a t e s   to  p h e n o l / a l d e h y d e - b a s e d  

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

t h e s e   p o l y o l s .   S p e c i f i c a l l y   i t   d e a l s   w i t h   m o d i f i e d   b e n z y l i c  

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

c o m b u s t i b i l i t y ,   low  f r i a b i l i t y ,   c l o s e d   c e l l ,   r i g i d   c e l l u l a r  

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

w i t h   p o l y i s o c y a n a t e s .  

S i m p l e   p h e n o l i c   foams  o b t a i n e d   by  t h e   t h e r m a l   a n d  

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

r e s i n s   w i t h   a d d e d   a l d e h y d i c   c o m p o u n d s   a r e   o ld   in  t he   a r t .  

Such  foams   a r e   n o t e d   p a r t i c u l a r l y   f o r   t h e i r   e x c e l l e n t   f i r e  

r e s i s t a n c e .   H o w e v e r ,   t h e y   a l s o   p o s s e s s   t he   p r o p e r t i e s   o f  

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

m a k e  t h e m   i l l - s u i t e d   f o r   i n s u l a t i o n   or  any  use   w h e r e   t h e  

foam  mus t   be  h a n d l e d   or  s u p p o r t   w e i g h t .   T h e r e   is   a  l o n g -  

e s t a b l i s h e d   d e s i r e   to  use   s u c h   p h e n o l i c   r e s i n s   in  c e l l u l a r  

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

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

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

In  t h e   a r t   of  p h e n o l / a l d e h y d e   c o n d e n s a t e s ,   i t   i s  

known  t h a t   t he   p r o p e r t i e s   and  s t r u c t u r e s   of  t he   p r o d u c t s  



v a r y ,   p r i m a r i l y   d e p e n d e n t   on  the   p h e n o l / a l d e h y d e   mole   r a t i o  

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

A l k a l i n e   c a t a l y s i s   ( a l k a l i n e   h y d r o x i d e ,   o r g a n i c   a m i n e s )   w i t h  

a l d e h y d e   in  e x c e s s   r e s u l t s   in  p r o d u c t s   known  as  " r e s o l e s "  

h a v i n g   t h e   f o l l o w i n g   i d e a l i z e d   f o r m u l a :  

R e s o l e  

w h e r e   X  is  H  o r   -CH OH  and  n  =  0,  1,  2,  3,  or  h i g h e r .  

The  h y d r o x y m e t h y l   r i n g   s u b s t i t u e n t s   of  t he   a b o v e  

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

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

e a s i l y   c r o s s - l i n k e d   to  fo rm  i n f u s i b l e   s o l i d s   by  h e a t i n g   o r  

a c i d i f y i n g .   A c i d   c a t a l y s i s   is  n o t   n o r m a l l y   u s e d   in  t h e  

p r e p a r a t i o n   of  r e s o l e s   s i n c e   c r o s s - l i n k i n g   l e a d i n g   t o  

g e l a t i o n   can   e a s i l y   o c c u r .  

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

p r o d u c t   has  l i t t l e   or  no  h y d r o x y m e t h y l   s u b s t i t u t i o n   as  s h o w n  

in  t h e  f o l l o w i n g   i d e a l i z e d   f o r m u l a :  

N o v a l a c  

w h e r e   X  is  h y d r o g e n   and  n  =  0,  1,  2,  3,  or  h i g h e r .  



Such  p r o d u c t s   a r e   c a l l e d   " n o v o l a c s "   a n d ,   l a c k i n g  

the   r e a c t i v e   h y d r o x y m e t h y l   s u b s t i t u e n t ,   can   be  p r e p a r e d  

u n d e r   a c i d   c a t a l y s i s   to  b e n e f i t   f rom  a  f a s t e r   r a t e   o f  

f o r m a t i o n .   In  a l l   p h e n o l / a l d e h y d e   c o n d e n s a t e s   ( n o v o l a c s   a n d  

r e s o l e s )   s m a l l   q u a n t i t i e s   of  s t a r t i n g   m a t e r i a l s   and  i n t e r -  

m e d i a t e s   a r e   p r e s e n t .  

A  B r i t i s h   s t u d y   ( F r a s e r ,   e t   a l ,   J .   A p p l .   Chem.  7 

689  ( 1 9 5 7 )   showed   t h a t   e l e c t r o p o s i t i v e   d i v a l e n t   m e t a l   i o n s  

w h i c h   a l s o   c a t a l y z e   t he   p h e n o l / a l d e h y d e   c o n d e n s a t i o n ,   c a u s e  

(1)  t h e   s u b s t i t u t i o n   on  t h e   p h e n o l   r i n g   to  o c c u r   p r e d o m -  

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

(2)  r e s u l t s   in  the   f o r m a t i o n   of  a  h i g h   p e r c e n t a g e   o f  

b e n z y l i c   e t h e r   l i n k a g e   in  a d d i t i o n   to  some  m e t h y l e n e  

l i n k a g e s   b e t w e e n   p h e n o l   r i n g s .   T h i s   is  i l l u s t r a t e d   in  t h e  

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

h i g h   o r t h o  

b e n z y l i c   e t h e r -  

c o n t a i n i n g   r e s i n  

w h e r e   R  i s   -CH20CH2-   o r  a   m i x t u r e   of  - C H 2 - O C H 2 -   and  - C H 2 -  

X  is  H 

y  is  H  or  -CH20H 

and  n  =  1,  2,  3,  or  h i g h e r .  



The  d i f f e r e n c e s   b e t w e e n   t h e s e   t h r e e   t y p e s   o f  

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

c o n v e r s i o n   to   h i g h l y   c r o s s - l i n k e d   i n f u s i b l e   p h e n o l i c  

p o l y m e r s .   R e s o l e s ,   c o n t a i n i n g   an  a b u n d a n c e   of  r e a c t i v e  

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

p o s i t i o n s ,   r e a c t   when  h e a t e d   a l o n e .   N o v o l a c ,   h a v i n g   n o  

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

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

p a r a f o r m a l d e h y d e )   to   u n d e r g o   c r o s s - l i n k i n g   r e a c t i o n .   T h e  

b e n z y l i c   e t h e r - c o n t a i n i n g   r e s i n   w i l l   c r o s s - l i n k   a t   a  s l o w  

r a t e   as   t h e   b e n z y l i c   e t h e r   l i n k a g e   d e c o m p o s e s   ( a t   150°C  a n d  

h i g h e r   t e m p e r a t u r e )   to   fo rm  m e t h y l e n e   b r i d g e s   and  l i b e r a t e  

f o r m a l d e h y d e   w h i c h   s e r v e s   to  c r o s s - l i n k   t he   r e s i n .   T h u s ,  

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

b e n z y l   e t h e r - c o n t a i n i n g   r e s i n s   a r e   r e f l e c t e d   in  and  e x p l a i n  

t he   known   d i f f e r e n c e s   in  c h e m i c a l   b e h a v i o r   of  t h e s e   d i f -  

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

The  use   of  b e n z y l i c   e t h e r - c o n t a i n i n g   r e s i n s   in  t h e  

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

P a t e n t   1 9 7 3 - 4 3 , 0 9 7   ( t o   H a t a s h i   C h e m i c a l   I n d u s t r i e s )   a n d  

U.  S.  P a t e n t   3 , 9 4 8 , 8 2 4   ( t o   R o b i n s ) .   The  b e n z y l i c   e t h e r  

r e s o l e s   use   by  R o b i n s   were   p r e p a r e d   a c c o r d i n g   to  U.  S .  

3 , 4 8 5 , 7 9 7 .   W h i l e   t h e s e   p a t e n t s   r e p r e s e n t e d   n o v e l   i m p r o v e -  

m e n t s   o v e r   t he   t h e n   e x i s t i n g   a r t ,   t h e   p o l y u r e t h a n e   f o a m s  

o b t a i n e d   by  t h e   t e a c h i n g   of  t h e s e   p a t e n t s   have   b e e n   f o u n d  



b o t h   in  o u r   l a b o r a t o r i e s   and  by  o t h e r s   to  be  d e f i c i e n t   i n  

one  or  more  p r o p e r t i e s   ( s e e   E x a m p l e   2  h e r e i n a f t e r ;   U.  S .  

4 , 2 9 3 , 6 5 8 ;   and  S c h a f e r ,   e t   a l ,   J .   C e l l u l a r   P l a s t i c s   1978  p .  

1 4 7 ) .   The  p o l y u r e t h a n e   foams   o b t a i n e d   were   s l o w   to  c u r e   a n d  

f r i a b l e .   To  a c h i e v e   d e s i r a b l e   s t r e n g t h   and  f r i a b i l i t y  

p r o p e r t i e s   r e q u i r e d   p o s t - c u r i n g   of  the   foams  a t   e l e v a t e d  

t e m p e r a t u r e s .  

In  G r e a t   B r i t a i n   2 , 0 3 3 , 4 1 3 ,   m o d i f i e d   r e s o l e s   a r e  

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

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

p o l y i s o c y a n u r a t e   f o a m s .   H o w e v e r ,   t h e s e   p h e n o l - f o r m a l d e h y d e  

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

f l a m m a b i l i t y   p r o p e r t i e s .   To  o b t a i n   s u i t a b l e   f l a m e   r e t a r d a n t  

foams   r e q u i r e d   t he   u se   of  c h l o r o p h e n o l   as  t h e   p h e n o l i c  

r e a c t a n t   a n d / o r   a d d e d   p h o s p h a t e - t y p e   f l a m e   r e t a r d a n t   in  t h e  

foam  f o r m u l a t i o n .  

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

i s s u e d   to  V a s i s h t h   e t   a l   and  been   a s s i g n e d   to  Cor  T e c h  

R e s e a r c h   L t d .   (U.  S.  4 , 2 3 5 , 9 8 9 ;   4 , 2 1 9 , 6 3 4 ;   4 , 1 8 4 , 0 3 2 ;  

4 , 1 4 0 , 8 4 5 ) .   A l t h o u g h   t he   p a t e n t s   d i s c l o s e   and  t e a c h   t h e  

p r e p a r a t i o n   of  b e n z y l   e t h e r - c o n t a i n i n g   r e s i n s   in  t h e  

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

t h e   p r e s e n t   i n v e n t i o n   in  s e v e r a l   i m p o r t a n t   r e s p e c t s .   T h e  

p a t e n t s   t e a c h   the   use   of  a q u e o u s   f o r m a l d e h y d e   p l u s   a d d e d  

w a t e r   s u c h   t h a t   t he   c o n d e n s a t i o n   is  c a r r i e d   o u t   in  a n  



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

p h a s e .   S e c o n d ,   t he   r e a c t i o n   is   c a r r i e d   o u t   a t   a  l o w e r  

t e m p e r a t u r e ,   f r om  90°C  to  " a p p r o x i m a t e l y   1 0 0 ° C "   ( r e f l u x ) .  

F i n a l l y ,   i n f r a r e d   and  N M R  s p e c t r o s c o p y   r e p o r t e d   in  t h e  

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

were   n o t   u s e d   as  " p o l y o l s "   in   p o l y u r e t h a n e   f o r m a t i o n .  

T h i s   i n v e n t i o n   i s   a  c l a s s   of  m o d i f i e d   b e n z y l  

e t h e r - c o n t a i n i n g   r e s o l e   p o l y o l s   o b t a i n e d   by  a  p r o c e s s  

c o m p r i s i n g   r e a c t i n g  a t   100°C  to  130°C  (a )   a  p h e n o l   w h i c h   i s  

f r e e   of  o r t h o   s u b s t i t u e n t s ,   (b)  a  m o l a r   e x c e s s   r e l a t i v e   t o  

t h e   p h e n o l   of   a  n o n a q e o u s   a l d e h y d e   h a v i n g   t h e   f o r m u l a   RCHO 

w h e r e   R  i s   h y d r o g e n ,   an  a l k y l   g r o u p   of  1  to  6  c a r b o n   a t o m s ,  

o r   a  h a l o g e n a t e d   a l k y l   g r o u p   of  1  to  3  c a r b o n   a t o m s ,   and  ( c )  

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

a l i p h a t i c   h y d r o x y l   c o m p o u n d   h a v i n g   a  f u n c t i o n a l i t y   of   1  t o  

4,  1  to  12  c a r b o n   a t o m s ,   and  0  to  5  e t h e r   o x y g e n   a t o m s   i n  

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

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  ( i )   c a r b o x y l a t e   s a l t s  

of  d i v a l e n t   i o n s  o f  M n ,   Zn,  Cd,  Mg,  Co,  Ni ,   Fe,  Pb,  Ca,   B a ,  

and  ( d i   C  - C   a l k y l t i n )   w h e r e   t he   c a r b o x y l a t e   i o n s   e a c h  

c o n t a i n s   1  to  20  c a r b o n   a t o m s ,   and  ( i i )   ( C n H 2 n + 1 ) 4  T i O 4  

w h e r e   n  is   an  i n t e g e r   of  3  to  8.  T h e s e   p o l y o l s   a r e   b e l i e v e d  

to  h a v e   t h e   f o l l o w i n g   f o r m u l a :  



w h e r e   n  is   1,  2,  3,  or   a  h i g h e r   i n t e g e r ;  

x  i s   H,  h a l o g e n ,   C 1 - C 1 2   a l k y l   or  a  m i x t u r e   t h e r e o f ;  

y  i s   a  m i x t u r e   of  h y d r o g e n   and  - C H 2 O A  ;  

A  is   a  m i x t u r e   of  h y d r o g e n   and  a  r a d i c a l   or   m i x t u r e   o f  

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

f rom  an  a l i p h a t i c   h y d r o x y l   compound   or  m i x t u r e   o f  

c o m p o u n d s  h a v i n g   1  to   4  h y d r o x y l   g r o u p s ,   1  to   12  

c a r b o n   a t o m s   and  0  to  5  e t h e r   o x y g e n   a t o m s ;  

R  is   -CH20CH2-   o r  a   m i x t u r e   of  -CH20CH2-   and  - C H 2 -  

w i t h   t he   r a t i o   of  -CH2OCH2-  g r o u p s   to  -CH2-   g r o u p s  

b e i n g   g r e a t e r   t h a n   1;  a n d  

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

l e a s t   5  mole   p e r c e n t   b u t   l e s s  t h a n   35  mole   p e r c e n t   o f  

t h e   p h e n o l   r i n g s   p r e s e n t .  

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

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

low  f r i a b i l i t y ,   c l o s e d - c e l l ,   r i g i d   c e l l u l a r   p l a s t i c s .   T h e  

p o l y u r e t h a n e   foams  a r e   r a p i d   c u r i n g   and  do  n o t   r e q u i r e   p o s t  

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

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

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



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

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

mono-   o r   p o l y h y d r o x y l   c o m p o u n d .  

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

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

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

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

e i t h e r   r e f l u x   or  d i s t i l l a t e   r e m o v a l .   The  s t i r r e d   m i x t u r e   i s  

h e a t e d   r a p i d l y   to   a b o u t   100°C  to  105°C  a t   w h i c h   p o i n t   a  

s l i g h t   e x o t h e r m   o c c u r s .   The  m i x t u r e   is  m a i n t a i n e d   a t   1 1 0 ° C  

to   115°C  f o r   s e v e r a l   h o u r s   u n d e r   s l o w   r e f l u x .   The  r e a c t i o n  

t e m p e r a t u r e   is   t h e n   i n c r e a s e d   to  a p p r o x i m a t e l y   120°C  and  t h e  

d i s t i l l a t e   ( e s s e n t i a l l y   w a t e r )   r e m o v e d .   A f t e r   t he   d e s i r e d  

a m o u n t   of  w a t e r ,   w h i c h   i s   i n d i c a t i v e   of   t h e   d e s i r e d   d e g r e e  

of   p h e n o l / a l d e h y d e / h y d r o x y l   compound   c o n d e n s a t i o n ,   is  c o l -  

l e c t e d ,   t he   m i x t u r e   is  c o o l e d   to  a b o u t   60°C  and  s t r i p p e d   a t  

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

t h a n   t h r e e ,   p r e f e r a b l y   l e s s   t h a n   one  w e i g h t   p e r c e n t   of  t h e  

p o l y o l .   No  e f f o r t   is   made  to  n e u t r a l i z e   or   r e m o v e   r e s i d u a l  

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

The  d e s i r e d   p h e n o l / a l d e h y d e   c o n d e n s a t e   is   o n e  

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

a  m o l a r   e x c e s s   of  a l d e h y d e   is   i n d i c a t e d .   The  u s e f u l   m o l e  

r a t i o   i s   f rom  1 .1   mole  to  2 . 2 5   m o l e s   of  a l d e h y d e   pe r   mole  o f  

p h e n o l .   When  t h e   mole   r a t i o   f a l l s   b e l o w   0 . 9 ,   t he   c o n d e n s a t e  



b e c o m e s   more  " n o v o l a c "   in   s t r u c t u r e   ( l a c k i n g   h y d r o x y m e t h y l  

s u b s t i t u e n t s )   and  as  t h e   mole   r a t i o   a p p r o a c h e s   t h r e e ,   m o r e  

p a r a   s u b s t i t u t i o n   a n d / o r   c r o s s - l i n k i n g   o c c u r s .   The  p r e -  

f e r r e d   mole  r a t i o s   of  a l d e h y d e   to  p h e n o l   r a n g e   f rom  1 .2   t o  

1 . 8 .  

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

g o v e r n e d   by  the   a m o u n t   r e q u i r e d   to  a c h i e v e   i m p r o v e m e n t   i n  

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

p h e n o l i c   foams  and  l i m i t e d   by  the   a m o u n t   w h i c h   wou ld   o b v i a t e  

t h e   f i r e   r e s i s t a n c e   of  t h e   p h e n o l i c   s t r u c t u r e .   Be low  a b o u t  

one  mole  p e r c e n t   of  h y d r o x y l   compound   b a s e d   on  the   a m o u n t   o f  

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

i m p r o v i n g   s t r e n g t h   and  f r i a b i l i t y   p r o p e r t i e s .   Above  50  m o l e  

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

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

s t r u c t u r e .   T h u s ,   a  u s e f u l   r a n g e   of  h y d r o x y l   compound   is  1 

to  50  mole  p e r c e n t  o f   t h e   p h e n o l   compound   u s e d .   T h e  

p r e f e r r e d   r a n g e   is  10  to   25  mole   p e r c e n t .  

M e t a l   d e r i v a t i v e s   a r e   e f f e c t i v e   as  c a t a l y s t s   a t  

c o n c e n t r a t i o n   of  0 . 0 1   t o  0 . 1 0   w e i g h t   p e r c e n t   m e t a l   b a s e d   o n  

the   t o t a l   c h a n g e .   The  p r e f e r r e d   c a t a l y s t   l e v e l   is  0 . 04   t o  

0 . 0 7   w e i g h t   p e r c e n t   m e t a l .  

No  s o l v e n t   i s   n e e d e d   f o r   t h i s   r e a c t i o n .   A l t h o u g h  

c e r t a i n   s o l v e n t s   can  be  u s e d   as  e n t r a i n m e n t   a g e n t s   t o  

f a c i l i t a t e   t he   r e m o v a l   of  w a t e r ,   we  have   f o u n d   t h i s   to  b e  



u n n e c e s s a r y .   W a t e r   is   e a s i l y   r e m o v e d   e s s e n t i a l l y   as  i t  

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

a  t e m p e r a t u r e   of   1 2 0 ° C .  

P h e n o l s   w h i c h   a r e   s u i t a b l e   f o r   u se   in  t h e   p r e p a r a -  

t i o n  o f   t h e s e   p r o d u c t s   a r e   t h o s e   w h i c h   a r e   u n s u b s t i t u t e d   i n  

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

m e t a   o r   p a r a   p o s i t i o n s   w i t h   h a l o g e n ,   C1  to  C12  a l k y l ,   o r  

h a l o g e n - s u b s t i t u t e d   a l k y l   of   1  to  6  c a r b o n   a t o m s .   E x a m p l e s  

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

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

( 2 , 3 - d i b r o m o p r o p y l ) p h e n o l ;   3 , 5 - x y l e n o l ;   3 , 5 - d i c h l r o p h e n o l ,  

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

w e l l   as   m i x t u r e s   of  any  of   t h e   f o r e g o i n g .   The  p r e f e r r e d  

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

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

A l d e h y d e s   w h i c h   a r e   s u i t a b l e   f o r   use   in  t h e  

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

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

w h e r e   R  i s   h y d r o g e n   or  a l k y l   of   1  to  6  c a r b o n   a t o m s ,  

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

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

and  2 , 3 - d i b r o m o p r o p a n a l .   The  p r e f e r r e d   a l d e h y d e   is  f o r m a l -  

d e h y d e .   P r e f e r a b l y   t h e   a l d e h y d e   is   u s e d   in  a  n o n a q u e o u s  

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

c h l o r a l .  



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

in  t he   p r e p a r a t i o n   of  t he   p o l y o l s   of  t h i s   i n v e n t i o n   a r e  

a l i p h a t i c   m o n o l s ,   d i o l s ,   t r i o l s ,   or  t e t r o l s   h a v i n g   1  to  12  

c a r b o n   a t o m s   and  0  to  5  e t h e r   o x y g e n   a t o m s   or  m i x t u r e s  

t h e r e o f .   E x a m p l e s   of  s u c h   h y d r o x y l   c o m p o u n d s   a re   m e t h a n o l ,  

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

b u t a n e d i o l ,   1 , 3 - b u t a n e d i o l ,   1 , 1 2 - d o d e c a n e d i o l ,   1 , 2 , 5 -  

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

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

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

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

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

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

i n v e n t i o n   is   s e l e c t e d   f rom  d e r i v a t i v e s   of  c e r t a i n   m e t a l s .  

T h e s e   a r e   t he   C l - C 2 0   c a r b o x y l i c   a c i d   s a l t s   of  the   g r o u p   o f  

d i v a l e n t   m e t a l   i o n s   c o n s i s t i n g   of  t h o s e   of  Mg,  Ca,  Mn,  F e ,  

Co,  Ni,   Zn,  Cd,  Ba,  and  Pb  ( w i t h   or   w i t h o u t   added   P b O ) ;  

C1-C20   c a r b o x y l i c   a c i d   s a l t s   of  d i v a l e n t   ( d i a l k y l t i n )   w h e r e  

t h e   a l k y l   g r o u p s   e a c h   c o n t a i n   1  to   5  c a r b o n   a t o m s ;   and  a l k y l  

(3  to  8  c a r b o n   a t o m s )   o r t h o   t i t a n a t e s .   E x a m p l e s   of  s u i t a b l e  

c a t a l y s t s   i n c l u d e   l e a d   n a p h t h e n a t e   ( w i t h   or  w i t h o u t   a d d e d  

PbO) ,   z i n c   n e o d e c a n o a t e ,   c o b a l t   n a p h t h e n a t e ,   t e t r a b u t y l  

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

l a c t a t e ,   cadmium  a c e t a t e ,   z i n c   b e n z o a t e ,   z i n c   a c e t a t e ,  



d i b u t y l t i n   d i l a u r a t e ,   d i m e t h y l t i n   d i a c t a t e ,   l e a d   b u t y r a t e .  

The  p r e f e r r e d   c a t a l y s t s   a r e   z i n c   n e o d e c a n o a t e ,   l e a d   n a p h t h e -  

n a t e ,   and  d i b u t y l t i n   d i l a u r a t e .   The  c a t a l y s t   u s e d   in  t h e  

p o l y o l   p r e p a r a t i o n   is   n o t   r e m o v e d   o r   n e u t r a l i z e d   and  r e m a i n s  

in   t h e   p r o d u c t .  

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

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

r i a l s   h a v e   v i s c o s i t i e s   of   l e s s   t h a n   1 , 5 0 0 , 0 0 0   cps   a t   2 5 ° C  

and  g e n e r a l l y   in  t h e   r a n g e   of   5000  to   6 5 0 , 0 0 0   cps   a t   2 5 ° C .  

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

t h e   p h e n y l   i s o c y a n a t e   m e t h o d ,   g e n e r a l l y   r a n g e   f rom  375  t o  

675 ,   m o s t l y   in   t h e   500  to   600  r a n g e .  

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

n o v e l   p o l y o l s   a r e   made  by  s t a t e   of   t h e   a r t   t e c h n i q u e s   a n d  

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

r e q u i r i n g   no  s p e c i a l   t r e a t m e n t   or   e q u i p m e n t   f o r   t h e i r  

m a n u f a c t u r e .   Thus  l i k e   any  o r d i n a r y   p o l y o l ,   t h e y   can  b e  

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

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

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

f i l l e r s ,   or   o t h e r   a d d i t i v e s .   R e a c t i o n   is   a c h i e v e d   b y  

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

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

room  t e m p e r a t u r e   w i t h o u t   a p p l i c a t i o n   of  h e a t .   S i m i l a r l y   t h e  

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



p o l y i s o c y a n u r a t e   foams  by  u s i n g   a  l a r g e   m o l a r   e x c e s s   ( " h i g h  

i n d e x " )   of  p o l y i s o c y a n a t e ,   a  b l o w i n g   a g e n t ,   a  s u r f a c t a n t ,  

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

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

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

n o v e l   r i g i d   c e l l u l a r   p l a s t i c s   a r e   any  o r g a n i c   d i -   or  h i g h e r  

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

t y p e   h y d r o g e n   a t o m s .   E x a m p l e s   of  s u c h   i s o c y a n a t e s   a r 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 ,   1 , 3 -   or  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 ,   3 - i s o c y a n a t o m e t h y l - 3 , 5 , 5 - t r i m e t h y l c y c l o h e x a n e   i s o c y a -  

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

a n a t e ,   1 , 3 -   or  l , 4 - b i s ( i s o c y a n a t o m e t h y l ) c y c l o h e x a n e ,   m-  o r  

p - x y l y l e n e   d i i s o c y a n a t e ,   2 , 4 -   or  2 , 6 - t o l u e n e   d i i s o c y a n a t e ,  

2-  or  4 - m e t h y l - l , 3 - c y c l o h e x a n e   d i i s o c y a n a t e ,   1 , 3 , 5 - t r i s ( 6 -  

i s o c y a n a t o h e x y l ) i s o c y a n u r a t e ,   N , N ' , N " - t r i s ( 6 - i s o c y a n a t o -  

h e x y l ) b i u r e t ,   2 , 2 ' - ,   2 , 4 ' -   or  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 ,   2 , 2 ' - ,   2 , 4 ' -   or  4 , 4 ' - d 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 - 2 , 2 ' - ,   2 , 4 ' -   or  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 ,  

b i s ( 4 - i s o c y a n a t o p h e n y l )   e t h e r   or  s u l f i d e ,   p o l y p h e n y l  

p o l y m e t h y l e n e   p o l y i s o c y a n a t e ,   or  m i x t u r e s   of  any  of  t h e  

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

p r e f e r r e d   and  in  p a r t i c u l a r   t he   m i x t u r e   of  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   i s o m e r s   w i t h   p o l y p h e n y l   p o l y m e t h y l e n e   p o l y i s o -  

c y a n a t e s   ( " c r u d e   MDI")  is  t he   i s o c y a n a t e   of  c h o i c e .  



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

t h o s e   known  in  t h e   a r t   and  c o n s i s t   of  t e r t i a r y   a m i n e s ,   m e t a l  

s a l t s ,   or  m i x t u r e s   t h e r e o f .   E x a m p l e s   of   s u c h   s u i t a b l e  

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

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

1 , 3 - b u t a n e d i a m i n e ,   b i s ( d i m e t h y l a m i n o e t h y l ) e t h e r ,   N , N -  

d i m e t h y l - 3 - d i m e t h y l a m i n o p r o p i o n a m i d e ,   l , 4 - d i a z o [ 2 . 2 . 2 ] -  

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

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

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

n a p h t h e n a t e ,   z i n c   s t e a r a t e ,   or  m i x t u r e s   t h e r e o f .   A m i n e  

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

d i a z a b i c y c l o o c t a n e .  

B l o w i n g   a g e n t s   s u i t a b l e   f o r   u s e   in   t h e   p r e p a r a t i o n  

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

t h e   i s o c y a n a t e   to   f o r m   c a r b o n   d i o x i d e )  a n d   v o l a t i l e   l o w  

b o i l i n g   o r g a n i c   c o m p o u n d s .   E x a m p l e s   of  s u c h   c o m p o u n d s   a r e  

a l k a n e s   s u c h   as  p e n t a n e   or  h e x a n e ,   o x y g e n a t e d   c o m p o u n d s   s u c h  

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

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

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

f l u o r o t r i c h l o r o m e t h a n e  ( R e f r i g e r a n t   1 1 ) ,   o r   m i x t u r e s  

t h e r e o f .  

S u i t a b l e   s u r f a c t a n t s   to  s e r v e   as  e m u l s i f y i n g  

a g e n t s   or  c e l l   s t a b i l i z e r s   in  t he   m a n u f a c t u r e   of  t h e s e  



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

d i d e c y l b e n z e n e s u l f o n a t e ,   a l k a l i   m e t a l   or  ammonium  s a l t s   o f  

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

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

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

t a i n i n g   63  p e r c e n t   o x y e t h y l e n e   by  w e i g h t ,   or   s i l i c o n e  

s u r f a c t a n t s   s u c h   as  p o l y a l k y l s i l o x a n e - p o l y o x y a l k y l e n e   b l o c k  

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

s u r f a c t a n t s .  

P l a s t i c i z e r s   s u c h   as  t r i s ( c h l o r o e t h y l )   p h o s p h a t e  

or  d i d e c y l p h t h a l a t e   may  be  i n c o r p o r a t e d   i n t o   t he   foam  i f  

d e s i r e d .  

C h a i n   e x t e n d e r s   s u c h   as  low  m o l e c u l a r   w e i g h t   d i o l s  

may  be  u s e d   in  q u a n i t y   of  l e s s   t h a n   10  p e r c e n t   by  w e i g h t   o f  

t h e   p o l y o l .   Such  low  m o l e c u l a r   w e i g h t   d i o l s   can   a l s o   s e r v e  

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

The  foams  o b t a i n e d   by  t he   p r a c t i c e   of  t h i s  

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

w h i c h   show  good  s t r e n g t h   and  f l a m m a b i l i t y   p r o p e r t i e s .  



The  f o l l o w i n g   e x a m p l e s   show  t h e   p r e f e r r e d   e m b o d i -  

m e n t s   of  t h i s   i n v e n t i o n   in  g r e a t e r   d e t a i l .   In  t he   e x a m p l e s ,  

a l l   p a r t s   g i v e n   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 p e c i f i e d .  

The  t e s t   r e s u l t s   r e p o r t e d   a r e   b a s e d   on  t he   f o l l o w i n g   ASTM 

t e s t s :  

Tumb.  F r i a b .  =   t u m b l i n g   f r i a b i l i t y   t e s t   ( C 4 2 1 )  

B u t l e r   C h i m n e y   =  c o m b u s t i o n   t e s t   ( D 3 0 1 4 )  

K  F a c t o r   =  t h e r m a l   i n s u l a t i o n   t e s t   ( C S 1 8 )  

10%  Comp.  S t r e n g t h   =  f o r c e   f o r   10%  c o m p r e s s i o n   ( D 1 6 2 1 )  

NBS  Smoke  =  maximum  smoke   d e n s i t y   ( E 6 6 2 )  

M a t e r i a l s   u s e d   in   foam  f o r m u l a t i o n s   w e r e :  

D C - 1 9 3   -  a  p o l y o x y a l k y l e n e - p o l y d i a l k y l -  

s i l o x a n e   b l o c k   c o p o l y m e r   s o l d   b y  

Dow  C o r n i n g   C o m p a n y  

F - l l A   -  s t a b i l i z e d   f l u o r o t r i c h l o r o m e t h a n e  

-  a   r e f r i g e r a n t   s o l d   by  D u P o n t  

C o m p a n y  

PAPI  135  -  a  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 / 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   m i x t u r e   ( f u n c -  

t i o n a l i t y  o f   2 . 7 )   s o l d   by  U p j o h n  

C o m p a n y  



DABCO  R8020  -  a  t e r t i a r y   a m i n e   c a t a l y s t  c o n  

s i s t i n g   of  20  p e r c e n t   d i a z a b i -  

c y c l o o c t a n e   and  80  p e r c e n t  

d i m e t h y l a m i n o e t h a n o l   s o l d   by  A i r  

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

H o u d r y   D i v i s i o n  

POLYCAT  8  -  N , N - d i m e t h y l c y c l o h e x y l a m i n e   s o l d  

by  A b b o t t   L a b o r a t o r i e s ,   C h e m i c a l s  

D i v i s i o n  

LUPRANATE  M 2 0  -   a  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 / 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   m i x t u r e   ( f u n c -  

t i o n a l i t y   of  2 . 7 )   s o l d   by  BASF 

W y a n d o t t e   C o r p o r a t i o n  



E x a m p l e   1 

P h e n o l   ( 6 3 4 . 2 4   p a r t s ) ,   91  p e r c e n t   p a r a t o r m a l d e h y d e  

( 3 6 4 . 5   p a r t s ) ,   30  p a r t s   of   1 , 4 - b u t a n e d i o l ,   0 . 3 9   p a r t s   o f  

PbO,  and  0 . 8 8   p a r t s   of  l e a d   n a p h t h e n a t e   s o l u t i o n   (24  p e r c e n t  

Pb)  w e r e   c h a r g e d   to  a  r e a c t o r   f i t t 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 ,   and  a  r e f l u x   c o n d e n s e r / t a k e o f f  

a s s e m b l y .   The  s t i r r e d   m i x t u r e   was  h e a t e d   a t   110°C  to  1 1 6 ° C  

f o r   2  h o u r s   w i t h   t o t a l   r e l u x   and  t h e n   t h e   d i s t i l l a t e   w a s  

t a k e n   o f f   w h i l e   t he   m i x t u r e   was  h e a t e d   to  126°C  to   1 2 8 ° C .  

When  t h e   m a j o r   p o r t i o n   of   t h e   w a t e r   of  r e a c t i o n   had  b e e n  

r e m o v e d   a t   a t m o s p h e r i c   p r e s s u r e ,   t he   p r e s s u r e   was  r e d u c e d   t o  

r e m o v e   r e s i d u a l   w a t e r .   The  s t r i p p e d   r e s i n   p o l y o l   had  a  

h y d r o x y l   n u m b e r   of  575  mg  KOH/g  and  a  w a t e r   c o n t e n t   of  0 . 5  

p e r c e n t .  

C o m p a r a t i v e   E x a m p l e   A 

F o l l o w i n g   t h e   p r o c e s s   of  U.  S.  3 , 4 8 5 , 7 9 7  -  

E x a m p l e   1,  a  s t a t e   of  t h e   a r t   b e n z y l i c   e t h e r - c o n t a i n i n g  

r e s o l e   p o l y o l   was  p r e p a r e d .   The  c h a r g e   of  r e a c t a n t s   was  t h e  

same  as  in  t h e   a b o v e   E x a m p l e   1  e x c e p t   t h a t   no  b u t a n e d i o l   w a s  

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

e q u i p m e n t   u s e d   in  E x a m p l e   1,  and  the   r e a c t i o n   c o n d i t i o n s  

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

h y d r o x y l   n u m b e r   of  593  and  a  w a t e r   c o n t e n t   of  1 . 1   p e r c e n t .  



E x a m p l e   2 

The  p r o d u c t s   of  t he   two  p r i o r   e x a m p l e s   w e r e  

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

f o a m i n g   m e t h o d s .   T h i s   c o m p a r i s o n   is  s u m m a r i z e d   in  T a b l e   I  

w h i c h   shows   t he   f o r m u l a t i o n   u s e d   and  t h e   p r o p e r t i e s   of  t h e  

foams   o b t a i n e d .   I t   is   r e a d i l y   a p p a r e n t   t h a t   t h e   f o a m  

p r e p a r e d   f rom  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   (Foam  1 )  

i s   s u p e r i o r   to   t h o s e   (Foams   Al  and  A2)  p r e p a r e d   f rom  a  

p o l y o l   of  t h e   p r i o r   a r t   in  f r i a b i l i t y ,   f l a m m a b i l i t y ,   a n d  

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



E x a m p l e s   3  and  4 

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

m o d i f i e d   w i t h   d i f f e r e n t   l e v e l s   of  1 , 4 - b u t a n e d i o l   and  u s i n g   a  

d i f f e r e n t   c a t a l y s t   ( z i n c   n e o d e c a n o a t e   -16  p e r c e n t   Zn)  i s  

s u m m a r i z e d   in   T a b l e   I I .   The  r e a c t i o n   c o n d i t i o n s   u s e d   i n  

t h e s e   p r e p a r a t i o n s   a r e   o t h e r w i s e   t h e   same  as  d e s c r i b e d   i n  

E x a m p l e   1.  T a b l e   I I   a l s o   shows   t h e   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  d e r i v e d   f rom  t h e   p o l y o l s .   I t   can  be  r e a d i l y  

s e e n   t h a t   in   c o m p a r i s o n   w i t h   E x a m p l e   1,  t h e   use   of  h i g h e r  

q u a n t i t i e s   of   b u t a n e d i o l   is   a l s o   e f f e c t i v e   in  r e d u c i n g  

f r i a b i l i t y   and  i m p r o v i n g   i n s u l a t i n g   p r o p e r t i e s .   No te   t h a t  

a t   t h e   h i g h e r   l e v e l   of  b u t a n e d i o l   (32  mo le   p e r c e n t   of  t h e  

p h e n o l )   t h e   f i r e   r e t a r d a n c e   i s   l e s s   t h a n   a t   l o w e r   l e v e l s .  



E x a m p l e   5 - 1 1  

The  u s e f u l n e s s   of  t h i s   i n v e n t i o n   o v e r   a  wide   r a n g e  

of  f o r m a l d e h y d e - p h e n o l   r a t i o s   is  d e m o n s t r a t e d   in  the   s e r i e s  



of  e x p e r i m e n t s   s u m m a r i z e d   in  T a b l e   I I I .   A  m i x t u r e   o f  p h e n o l  

( 8 3 . 0   mo le   p e r c e n t )   and  p - n o n y l p h e n o l   ( 2 . 7   mole   p e r c e n t )  

c o n t a i n i n g   1 , 4 - b u t a n e d i o l   ( 1 4 . 3   mole   p e r c e n t )   was  r e a c t e d   i n  

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

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

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

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

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

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

f o a m s   w i t h   e x c e l l e n t   s t r e n g t h ,   i n s u l a t i n g   ( l ow  K - f a c t o r ) ,  

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

r e d u c e d   due  to   t h e   n o n y l p h e n o l   u s e d   in  m a k i n g   t h e   p o l y o l .  





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

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

h y d r o x y l   c o m p o u n d s   w h i c h   can  be  u s e d   to   m o d i f y   b e n z y l i c -  

e t h e r   c o n t a i n i n g   r e s o l e   p o l y o l s ,   t h e   p r o c e d u r e   of  E x a m p l e   1 

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

v a r i e d   c a t a l y s t s   as  shown  in  T a b l e   IV.  The  a d d e d   h y d r o x y l  

c o m p o u n d s   w e r e   u s e d   in  an  a m o u n t   r a n g i n g   f rom  9 .7   m o l e  

p e r c e n t   ( t r i e t h y l e n e   g l y c o l )   to   1 9 . 0   mo le   p e r c e n t   ( 1 , 2 -  

p r o p a n e d i o l )   b a s e d   on  t h e   p h e n o l   u s e d .   Each   of  t h e s e  

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

v i s c o s i t y   and  h y d r o x y   n u m b e r .   Each   r e s o l e   p o l y o l   was  u s e d  

( T a b l e   V)  to   p r e p a r e   a  p o l y u r e t h a n e   foam  w i t h   good   f r i -  

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







E x a m p l e s   2 0  a n d   2 1  

The  u se   of  m o n o h y d r o x y l   c o m p o u n d s   is   shown  i n  

E x a m p l e s   20  and  21,  s u m m a r i z e d   in  T a b l e   VI .   The  p r o c e d u r e s  

and  a p p a r a t u s   u s e d   we re   t h e   same  as  t h a t   d e s c r i b e d   i n  

E x a m p l e   1  e x c e p t   f o r   t he   d i f f e r e n c e s   in  r e a c t a n t s   c h a r g e d  

w h i c h   is   shown  in  t h e   t a b l e .   I t   s h o u l d   be  n o t e d   t h a t   w h i l e  

t h e   m e t h a n o l   c h a r g e d   in  E x a m p l e   20  is   much  h i g h e r   (45  m o l e  

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

e f f e c t i v e   c o n c e n t r a t i o n   in  t he   l i q u i d  r e a c t i o n   m i x t u r e   i s  

much  s m a l l e r   due  to   t h e   v o l a t i l i t y   of  t h e   m e t h a n o l .  

A n a l y s i s   of  s u c h   p r o d u c t s   (NMR  and  i n f r a r e d   s p e c t r o s c o p y )  

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

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



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

The  use   of  v a r i e d   q u a n t i t i e s   of  s u b s t i t u t e d -  

p h e n o l s   i s   d e m o n s t r a t e d   in   E x a m p l e s   22  t h r o u g h   26  w h i c h   a r e  

s u m m a r i e d   in  T a b l e   V I I .   The  p r o c e d u r e   f o l l o w e d   is   t he   s a m e  

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

g i v e n   in  t h e   T a b l e .  





E x a m p l e s   2 7 - 3 3  

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

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

in  E x a m p l e s   27  t h r o u g h   33  w h i c h   a r e   s u m m a r i z e d   i n  

T a b l e   V I I I .   A l s o   shown  a r e   t h e   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   f o a m s   o b t a i n e d   f rom  t h e s e   p o l y o l s   in  t h e   m a n n e r  

p r e v i o u s l y   d e s c r i b e d   u s i n g   c r u d e   MDI  (PAPS  135)   a t   an  i n d e x  

of   1 2 0 .  





E x a m p l e   34  

A n a l y t i c a l   C o m p a r i s o n   w i t h   P r i o r   A r t   P r o d u c t s  

In  E x a m p l e   2,  t h e   p e r f o r m a n c e   c o m p a r i s o n   was  m a d e  

b e t w e e n   t h e   p r o d u c t   of   t h i s   i n v e n t i o n   and  t h a t   of  U.  S .  

3 , 4 8 5 , 7 9 7 .   S i n c e   t h e   l a t t e r   p r o d u c t   is   made  w i t h o u t   a d d e d  

d i o l ,  a   p r o d u c t   p r o d u c e d   by  t h e   p r o c e s s   of  t h i s   i n v e n t i o n  

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

t h e   m a n u f a c t u r e .  

P h e n o l ,   p a r a f o r m a l d e h y d e   ( 1 . 6   m o l e s   C H 2 0 / m o l e   o f  

p h e n o l ) ,   and  1 , 4 - b u t a n e d i o l   (16  mole   p e r c e n t   of  p h e n o l )   w e r e  

r e a c t e d   in   t h e   p r e s e n c e   of   0 . 2 4   p e r c e n t   of   l e a d   n a p h t h e n a t e  

s o l u t i o n   (24  p e r c e n t   Pb)  by  h e a t i n g   t h e   m i x t u r e   a t   110°C  t o  

1 1 7 ° C   f o r   3  h o u r s   u n d e r   t o t a l   r e f l u x   and  t h e n   w i t h d r a w i n g  

t h e   d i s t i l l a t e .   Ove r   a  3  h o u r   and  35  m i n u t e   p e r i o d   w h i l e  

t h e   t e m p e r a t u r e   of  t h i s   r e a c t i o n   m i x t u r e   r o s e   to   1 2 9 ° C ,   a  

t o t a l   of   1 8 5 . 5   g  o f   w a t e r   was  c o l l e c t e d .   Ove r   t h e   n e x t   30  

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

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

p r o d u c t   t e m p e r a t u r e   o f   95°C  and  a  p r e s s u r e   of   <1  mm  Hg.  T h e  

w e i g h t   of   s t r i p p i n g s   c o l l e c t e d   was  5 9 . 2   g  and  t h e   p r o d u c t  

w e i g h t e d   1 4 2 7 . 7   g.  T h u s ,   1 6 6 7 . 4   g  o u t   of  a  t o t a l   c h a r g e   o f  

1 6 6 8  g _ w a s   r e c o v e r e d   in   t h e   t h r e e   f r a c t i o n s .  

E x a m i n a t i o n   of   t h e   t h r e e   f r a c t i o n s   by  a  g a s - l i q u i d  

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

l i m i t   of   0 . 0 2   p e r c e n t   ( u s i n g   s p i k e d   s t a n d a r d s )   showed   n o  

f r e e   b u t a n e d i o l   in  any  of  t h e   f r a c t i o n s .   T h u s ,   a l l   of  t h e  



b u t a n e d i o l   had  r e a c t e d .   P r o t o n   NMR  s p e c t r a   of  i.  n u m b e r  o f  

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

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

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

shown  by  p r o t o n   and  C13  NMR  s p e c t r o s c o p y   were   p r e d o m i n e n t  

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

m e t h y l o l   p h e n o l   (mono  c y c l i c )   c o n t e n t ,   and  p r e d o m i n e n t l y  

o r t h o   r i n g   s u b s t i t u t i o n .  

C o m p a r a t i v e   E x a m p l e   B 

F o l l o w i n g   the   p r o c e d u r e s   of   E x a m p l e   1  a n d  

E x a m p l e   3  of  G r e a t   B r i t a i n   2 , 0 3 3 , 4 1 3 ,   two  p h e n o l i c   r e s i n  

p o l y o l s   were   p r e p a r e d .  

The  f i r s t   of  t h e s e   was  t h e   r e a c t i o n   of  a  1 .7   m o l e  

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

m o l a r   q u a n t i t y   ( b a s e d   on  p h e n o l )   of  d i e t h y l e n e   g l y c o l   u s i n g  

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

u n d e r   a c i d   c o n d i t i o n s .   The  s e c o n d   p r e p a r a t i o n   was  a  r e p e a t  

of  the   f i r s t   e x c e p t   f o r   the   use  of  a  s l i g h t l y   l o w e r   ( 1 . 5 )  

f o r m a l d e h y d e - p h e n o l   r a t i o   and  t h e   use   of  50  mole   p e r c e n t   d i -  

e t h y l e n e   g l y c o l   and  50  mole  p e r c e n t   g l y c e r i n e   ( b o t h   b a s e d   o n  

p h e n o l ) .   The  f i r s t   p r o d u c t   had  a  v i s c o s i t y   of  560  cps  a t  

25°C  w h i l e   t he   s e c o n d   p r o d u c t   had  a  v i s c o s i t y   of  170  cps  a t  

2 5 ° C .  

P r e p a r a t i o n   of  p o l y u r e t h a n e   foams   f rom  t h e s e   t w o  

r e s i n s   p r o v e d   d i f f i c u l t .   Us ing   t he   f o r m u l a t i o n s   g i v e n   i n  

t h e   r e f e r e n c e ,   t h e   f i r s t   r e s i n   gave   a  foam  w h i c h   s h r a n k  

w h i l e   a t t e m p t s   to  foam  the   s e c o n d   r e s i n   were   u n s u c c e s s f u l .  



An  a t t e m p t   was  made  to   a n a l y z e   t h e   f i r s t   r e s i n   b y  

p r o t o n   NMR.  H o w e v e r ,   t h e   r e s i n   c o n t a i n e d   s u c h   a  h i g h   l e v e l  

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

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

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

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

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

r e d u c e d   f r o m   44  p e r c e n t   of   t h e   c h a r g e   ( i n   t h e   f i r s t   p r e p a r a -  

t i o n )   to   9  p e r c e n t   ( t y p i c a l   of   t h e   l e v e l   u s e d   in   t h e   p r e s e n t  

i n v e n t i o n ) .   T h i s   r e s u l t e d   in   a  r e d u c t i o n   in  t h e   a m o u n t   o f  

f r e e   g l y c o l   and  g a v e   a  p r o d u c t   h a v i n g   a  v i s c o s i t y   of  3 4 0 0  

cps   a t   2 5 ° C .  

P r o t o n   and  C13  NMR  e x a m i n a t i o n   of  t h e   l a t t e r  

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

and  no  e v i d e n c e   f o r   any  r e a c t e d   g l y c o l   as  w e l l   as  t h e  

a b s e n c e   of   any  d i b e n z y l   e t h e r ,   m e t h y l e n e   b r i d g i n g   in  b o t h  

o r t h o   and  p a r a   p o s i t i o n s   of  t h e   p h e n o l   r i n g ,   h i g h   l e v e l   o f  

m e t h y l o l   p h e n o l ,   and  a  v e r y   low  m u l t i p l e   r i n g   (>2)   c o n -  

t e n t .   T h u s ,   t h e   p r o d u c t   of   G r e a t   B r i t a i n   2 , 0 3 3 , 4 1 3   n o t   o n l y  

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

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

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



1.  A  m o d i f i e d   b e n z y l   e t h e r - c o n t a i n i n g   r e s o l e  

p o l y o l   o b t a i n e d   by  a  p r o c e s s   c o m p r i s i n g   r e a c t i n g   a t   100°C  t o  

1 3 0 ° C  

(a)  a  p h e n o l   w h i c h   is   f r e e   of  o r t h o   s u b s t i -  

t u e n t s ,  

(b)  a  m o l a r   e x c e s s   r e l a t i v e   to   t he   p h e n o l   o f  

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

RCHO  w h e r e   R  i s   h y d r o g e n ,   an  a l k y l   g r o u p  

of  1  to  6  c a r b o n   a t o m s ,   or  a  h a l o g e n a t e d  

a l k y l   g r o u p   of   1  to  3  c a r b o n   a t o m s ,   a n d  

(c)  l e s s   t h a n   f i f t y   mole   p e r c e n t   r e l a t i v e   t o  

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

c o m p o u n d  h a v i n g   a  f u n c t i o n a l i t y   of  1  t o  

4,  1  to  12  c a r b o n   a t o m s ,   and  0  to  5  e t h e r  

o x y g e n   a t o m s ,  

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

a  m e t a l   d e r i v a t i v e   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  ( i )   c a r b o x y l a t e   s a l t s  

of  d i v a l e n t   i o n s   of  Mn,  Zn,  Cd,  Mg,  C o ,  

Ni,   Fe,  Pb,  Ca,.  B a ,  

and  d i ( C 1 - C 5   a l k y l ) t i n  w h e r e   t h e   c a r b o x y -  

l a t e   i o n s   e a c h   c o n t a i n s   1  to  20  c a r b o n  

a t o m s ,   and  ( i i )   ( C n H 2 n + 1 ) 4   T i 0 4   w h e r e   n  

is  an  i n t e g e r   of  3  to  8 .  



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

p o l y o l   of  c l a i m   1  w h e r e i n   t h e   p o l y o l   is   p r o d u c e d   u s i n g   a n  

a l d e h y d e - p h e n o l   mole   r a t i o   of   1 . 1   to  2 . 2 5 ,   an  a m o u n t   o f  

m o d i f y i n g   p o l y o l   e q u a l   to   5  to   35  mole   p e r c e n t   of  t h e  

p h e n o l .  

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

s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  l e a d   n a p h t h e n a t e ,   z i n c  

n e o d e c a n o a t e ,   and  d i b u t y l t i n   d i l a u r a t e .  

4.  The  p r o d u c t   of   c l a i m   3  w h e r e i n   t h e   p h e n o l   is  a  

m i x t u r e   of   p h e n o l   and  0  to   20  w e i g h t   p e r c e n t   of   a  p - a l k y l -  

p h e n o l   w h e r e   t he   a l k y l   g r o u p   c o n t a i n s   1  to  12  c a r b o n   a t o m s ,  

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

of   1 . 5   to  1 . 7 5   m o l e s   f o r m a l d e h y d e   p e r   mole   of  t o t a l   p h e n o l  

a n d   t h e  m o d i f y i n g  p o l y o l   i s   1 , 4 - b u t a n e d i o l   u s e d   in  an  a m o u n t  

e q u a l   to   10  to  20  mo le   p e r c e n t   of   t h e   t o t a l   p h e n o l .  

5.  The  p r o d u c t   of   c l a i m   4  w h e r e i n   t h e   f o r m a l -  

d e h y d e / p h e n o l   mole  r a t i o   is   1 . 6 : 1   and  t h e   a m o u n t   of  1 , 4 -  

b u t a n e d i o l   is   16  mole   p e r c e n t   of  t h e   p h e n o l .  

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

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

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

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

7.  The  r i g i d   p o l y u r e t h a n e   foam  o b t a i n e d   by  t h e  

p r o c e s s   c o m p r i s i n g   r e a c t i n g   t h e   p r o d u c t   of  c l a i m   3  w i t h  



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   p o l y u r e t h a n e ;  

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

8.  The  r i g i d   p o l y u r e t h a n e   foam  o b t a i n e d   by  t h e  

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

p o l y m e h t 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  p o l y u r e t h a n e  

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

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

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

t h e r e o f .  

9.  A  m o d i f i e d   b e n z y l   e t h e r - c o n t a i n i n g   r e s o l e  

p o l y o l   h a v i n g   a  v i s c o s i t y   of  5000  to   6 5 0 , 0 0 0   cps  a t   25°C  a n d  

a  h y d r o x y l   n u m b e r   of  375  to   675  and  c o m p r i s i n g   c o m p o u n d s  

h a v i n g   t h e   f o l l o w i n g   f o r m u l a :  

whe re   n  is  1,  2,  3,  or  a  h i g h e r   i n t e g e r ;  

X  is   H,  h a l o g e n ,   C l - C 1 2   a l k y l ,   o r  a   m i x t u r e   t h e r e r o f ;  

y  is  a  m i x t u r e   of  h y d r o g e n   and  -CH2OA; 

A  is  a  m i x t u r e   of  h y d r o g e n   and  a  r a d i c a l   or  m i x t u r e   o f  

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

a l i p h a t i c   h y d r o x y l   compound  h a v i n g   1  to  12  c a r b o n   a t o m s   a n d  

0  to  5  e t h e r   o x y g e n   a toms   and  a  h y d r o x y l   f u n c t i o n a l i t y   of  1 

to  4 ;  



R  is   -CH2OCH2-   o r  a   m i x t u r e   of  -CH2OCH2-  a n d  

-CH2-   w i t h   t h e   r a t i o   of  - C H 2 O C H 2   g r o u p s   to  -CH2-   g r o u p s  

b e i n g   g r e a t e r   t h a n   1;  a n d  

w h e r e i n   t h e   a m o u n t   of  s u b s t i t u e n t   r a d i c a l   A  is   a t   l e a s t   5 

m o l e   p e r c e n t   b u t   l e s s   t h a n   35  mole   p e r c e n t   of  t h e   p h e n o l  

r i n g s   p r e s e n t .  

10.  The  p r o d u c t   of   c l a i m   9  w h e r e i n   t h e   s u b s t i t u e n t  

r a d i c a l ,   A,  i s   d e r i v e d   f r o m   a  d i o l   h a v i n g   2  to   12  c a r b o n  

a t o m s   and  0  to   5  e t h e r   o x y g e n   a t o m s .  

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

1 , 4 - b u t a n e d i o l   o r   d i e t h y l e n e   g l y c o l .  

12.  The  p r o d u c t   of   c l a i m   11  w h e r e i n   t h e   d i o l   i s  

u s e d   in  an  a m o u n t   of   10  to   20  mo le   p e r c e n t   of  t h e   p h e n o l .  
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