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Process  for  preparing  high  molecular  weight  polyether  resins  from  bisphenols  and  epoxy  resins. 

This  invention  is  directed  to  a  process  for  preparing  high 
molecular  weight  polyhydroxyether  resins  by  reacting  an 
epoxy  resin  which  is  a  glycidyl  ether  of  a  bisphenol  with  a 
bisphenol  in  the  presence  of  a  solvent  and  a  catalyst.  The 
process  is  characterized  by  adding  after the  reaction  between 
the  eopxy  resin  and  the  bisphenol  is  at  least  97  percent  com- 
plete  based  upon  the  phenolic  hydroxyl  content  from  0.005  to 
0.12  phenolic  hydroxyl  equivalents  of  a  halogenated  bis- 
phenol  per  equivalent  of  the  total  phenolic  hydroxyl  content 
of  the  bisphenol  and  the  halogenated  bisphenol.  The  high 
molecular  weight  polyhydroxyether  resins  produced  by  this 

|  process  are  useful  in  coatings. 



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

f rom  b i s p h e n o l s   and  e p o x y   r e s i n s   as  d i s c l o s e d   in   U . S .  

P a t e n t   Nos .   3 , 3 0 6 , 8 7 2 ,   3 , 3 7 9 , 6 8 4   and  3 , 6 3 7 , 5 9 0 .   S u c h  

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

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

of   o r t h o - p a r a   and  o r t h o - o r t h o '  i s o m e r s .   R e s i n s   p r e p a r e d  

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

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

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

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

t y p e   of  b i s p h e n o l s .  

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

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

of   a  b i s p h e n o l   w i t h   a  b i s p h e n o l   (B)  in   t h e   p r e s e n c e   o f  

a  s o l v e n t   and  a  c a t a l y s t   (C)  c h a r a c t e r i z e d   by  a d d i n g  

a f t e r   t h e   r e a c t i o n   b e t w e e n   C o m p o n e n t s   (A)  and  (B)  i s   a t  

l e a s t   97  p e r c e n t   c o m p l e t e   b a s e d   upon  t h e   p h e n o l i c   h y d r o x y l  

c o n t e n t   f r o m   0 . 0 0 5   to   0 . 1 2   p h e n o l i c   h y d r o x y l   e q u i v a l e n t s  

of  a  h a l o g e n a t e d   b i s p h e n o l   (D)  p e r   e q u i v a l e n t   o f   t h e  

t o t a l   p h e n o l i c   h y d r o x y l   c o n t e n t   c o n t a i n e d   in   (B)  and  ( D ) .  

P r e f e r a b l y   t h e   p e r c e n t   c o m p l e t i o n   i s   a t   l e a s t   98  p e r c e n t  



P r e f e r a b l y   t h e   a m o u n t   o f   p h e n o l i c   e q u i v a l e n t s   o f   h a l o -  

g e n a t e d   b i s p h e n o l   a d d e d   p e r   t o t a l   p h e n o l i c   h y d r o x y l   e q u i -  
v a l e n t s   i s   f r om  0 . 0 1   to   0 . 0 5 .  

S u i t a b l e   e p o x y   r e s i n s   e m p l o y e d   as  C o m p o n e n t   (A) 

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

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

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

h y d r o c a r b o n   g r o u p   c o n t a i n i n g   f r o m   1  to   8  c a r b o n   a t o m s ,  
O  O 

- O - ,   - S - ,   - S - S - ,   - S -   or   - C - ;   e a c h   B  i s   i n d e p e n d e n t l y  

0  
s e l e c t e d   f r o m   h y d r o g e n ,   c h l o r i n e ,   b r o m i n e   or   an  a l k y l  

g r o u p   c o n t a i n i n g   f r o m   1  to   4  c a r b o n   a t o m s ,   n  h a s   a  v a l u e  

of   0  or   1  and  m  has   an  a v e r a g e   v a l u e   of   f r o m   0  to   2 ,  

p r e f e r a b l y   f r o m   0,  to   0 . 7 5 .  

S u i t a b l e   b i s p h e n o l s   e m p l o y e d   as  C o m p o n e n t   (B)  

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

t h o s e   r e p r e s e n t e d   by  t h e   f o r m u l a  

w h e r e i n   A  and   n  a r e   as  d e f i n e d   a b o v e   and   B'  i s   s e l e c t e d   f r o m  

h y d r o g e n   or   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   4  c a r b o n   a t o m s .  

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

C o m p o n e n t   (D)  i n   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   a r e ,  

f o r   e x a m p l e ,   t h o s e   r e p r e s e n t e d   by  t h e   f o r m u l a  



w h e r e i n   A  and  n  a r e   as  d e f i n e d   a b o v e ,   e a c h   X  i s   i n d e p e n -  

d e n t l y   c h l o r i n e   o r   b r o m i n e   and  e a c h   X'  i s   i n d e p e n d e n t l y  

h y d r o g e n ,   c h l o r i n e ,   b r o m i n e   or   an  a l k y l   g r o u p   h a v i n g  

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

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

C o m p o n e n t   (C)  in   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n  

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

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

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

c l o s e d   in   U .S .   P a t e n t   Nos .   3 , 3 0 6 , 8 7 2 ,   3 , 3 7 9 , 6 8 4 ,   3 , 4 7 7 , 9 9 0 ,  

3 , 5 4 7 , 8 8 1 ,   3 , 6 3 7 , 5 9 0   and  3 , 9 4 8 , 8 5 5 .  

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

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

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

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

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

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

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

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

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

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

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

a c i d   c o m p l e x ) .   ' T h o s e   h a v i n g   a  c a r b o x y l   g r o u p   as  t h e  

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

d i a c e t a t e ,   a r e   m o s t   p r e f e r r e d .  

The  q u a n t i t i e s   of   e p o x y   r e s i n   and  b i s p h e n o l  

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

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

s u c h   q u a n t i t i e s   as  w i l l   p r o v i d e   an  e p o x i d e : t o t a l   p h e n o l i c  

h y d r o x y l   r a t i o   of   f rom  1 . 1 5 : 1   to   0 . 9 7 : 1 ,   p r e f e r a b l y   f r o m  

1 . 0 6 : 1   to   . 9 9 : 1 .  



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

i s   u s u a l l y   i n   t h e   r a n g e   o f   f r o m   .1  t o   10  m i l l i m o l e s ,  

p r e f e r a b l y   f r o m   .2  to   6  m i l l i m o l e s   p e r   e q u i v a l e n t   o f   t h e  

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

p r e p a r e d .  

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

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

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

l o w e r   a l k y l   e t h e r s   o f   e t h y l e n e   and  p r o p y l e n e   g l y c o l   a n d  

m i x t u r e s   t h e r e o f .   Any  s o l v e n t   i s   s u i t a b l e   so  l o n g   as  i t  

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

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

and  w h i c h   w i l l   n o t   r e a c t   s i g n i f i c a n t l y   w i t h   t h e   r e a c t a n t s  

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

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

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

f r o m   20  to   1 0 0 ,   p r e f e r a b l y   f r o m   30  t o   50  p a r t s   by  w e i g h t  

p e r   100  p a r t s   o f   e p o x y   r e s i n   ( C o m p o n e n t   A)  e m p l o y e d .  

The  t e m p e r a t u r e   a t   w h i c h   t h e   r e a c t i o n   can   b e  

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

c a t a l y s t s   e m p l o y e d   b u t   u s u a l l y   r a n g e s   f r o m   1 2 0 ° C   t o  

2 2 0 ° C ,   p r e f e r a b l y   f r o m   1 3 0 ° C   t o   1 6 0 ° C .  

The  h i g h e r   t h e   t e m p e r a t u r e   and   t h e   h i g h e r   t h e  

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

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

EXAMPLES  1,  2,  3  and  4  a n d  
COMPARATIVE  RUNS  A,  B  a n d   C 

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

E x a m p l e s   and  C o m p a r a t i v e   R u n s .  



The  e p o x y   r e s i n ,   C o m p o n e n t   (A) ,   f o r   a l l   E x a m p l e s  

and  C o m p a r a t i v e   Runs  was  t h e   g l y c i d y l   e t h e r   of  b i s p h e n o l   A 

h a v i n g   an  e p o x i d e   e q u i v a l e n t   w e i g h t   of   1 8 2 . 5 .   In  e a c h  

E x a m p l e   and  C o m p a r a t i v e   Run,   1 8 6 . 0 2   g r a m s   ( 1 . 0 2   e q u i v a -  

l e n t s )   of   t h e   e p o x i d e   r e s i n   was  e m p l o y e d .  

In  E x a m p l e s   1,  2  and  3  and  a l l   C o m p a r a t i v e   R u n s ,  

t h e   b i s p h e n o l ,   C o m p o n e n t   (B) ,   e m p l o y e d   was  an  i m p u r e   b i s -  

p h e n o l   A  (IPBPA)  h a v i n g   an  o r t h o - p a r a   i s o m e r   c o n t e n t   o f  

2 .2   p e r c e n t   and  an  o r t h o - o r t h o '   i s o m e r   c o n t e n t   of   l e s s  

t h a n   0 . 0 2   p e r c e n t .   In  E x a m p l e   4,  t h e   b i s p h e n o l   e m p l o y e d  

was  a  p u r i f i e d   b i s p h e n o l   A  (PBPA)  h a v i n g   an  o r t h o - p a r a  

i s o m e r   c o n t e n t   of   0 .2   p e r c e n t   and  an  o r t h o - o r t h o '   i s o m e r  

c o n t e n t   of   l e s s   t h a n   0 . 0 1   p e r c e n t .  

The  c a t a l y s t ,   C o m p o n e n t   (C) ,   f o r   a l l   E x a m p l e s  

and  C o m p a r a t i v e   Runs  was  a  70  p e r c e n t   s o l u t i o n   of   e t h y l -  

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

e m p l o y e d   a t   3  m i l l i m o l e s   p e r   e p o x y   e q u i v a l e n t .  

The  s o l v e n t   f o r   a l l   E x a m p l e s   and  C o m p a r a t i v e  

Runs  was  t h e   e t h y l   e t h e r   of   e t h y l e n e   g l y c o l .   Fo r   a l l  

E x a m p l e s   and  C o m p a r a t i v e   Runs  B  a n d   C,  150  g r a m s   of   t h e  

s o l v e n t   was  e m p l o y e d   in   e a c h   r e a c t i o n   m i x t u r e .   In  Com-  

p a r a t i v e   Run  A,  30  g r a m s   of   t h e   s o l v e n t   was  e m p l o y e d .  

The  h a l o g e n a t e d   b i s p h e n o l ,   C o m p o n e n t   (D) ,   f o r  

a l l   E x a m p l e s   and  f o r   C o m p a r a t i v e   Run  C  was  t e t r a b r o m o  

b i s p h e n o l   A  (TBBPA)  h a v i n g   an  h y d r o x y l   e q u i v a l e n t   w e i g h t  

o f   272 .   No  h a l o g e n a t e d   b i s p h e n o l   was  a d d e d  i n   C o m p a r a t i v e  

Run  A.  In  C o m p a r a t i v e   Run  B,  an  a d d i t i o n a l   a m o u n t   o f  

I P B P A  w a s   a d d e d   i n s t e a d   o f   TBBPA. 

In  a l l   E x a m p l e s   and  C o m p a r a t i v e   R u n s ,   t h e   c o m -  

b i n e d   p h e n o l i c   h y d r o x y l   e q u i v a l e n t s   o f   C o m p o n e n t s   (B)  a n d  

(D)  was  1 . 0 0 .   T h u s ,   t h e   e q u i v a l e n t s   of   h a l o g e n a t e d  



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

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

In   a l l   E x a m p l e s   and  C o m p a r a t i v e   Run  C,  t h e  

r e a c t i o n   m i x t u r e   was  h e a t e d   to   132°C   f o r   a  p e r i o d   o f  

t i m e .   Then   t h e   h a l o g e n a t e d   b i s p h e n o l ,   C o m p o n e n t   ( D ) ,  

was  a d d e d   and  t h e   r e a c t i o n   c o n t i n u e d   f o r   a  t o t a l   r e a c t i o n  

t i m e   of  7  h o u r s .   Fo r   C o m p a r a t i v e   Run  A,  t h e   r e a c t i o n   m i x -  

t u r e   was  h e a t e d   to   135°C  f o r   a  t o t a l   of   7  h o u r s   w i t h o u t  

any  h a l o g e n a t e d   b i s p h e n o l   b e i n g   a d d e d .   Fo r   C o m p a r a t i v e  

Run  B,  IPPBA  was  a d d e d   i n s t e a d   of   a  h a l o g e n a t e d   b i s p h e n o l ,  

and   t h e   r e a c t i o n   was  run   a t   132°C  f o r   a  t o t a l   of   7  h o u r s .  

In  a l l   E x a m p l e s   and  C o m p a r a t i v e   R u n s ,   t h e   e q u i -  

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

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

by  R.  R.  J a y   in   A n a l y t i c a l   C h e m i s t r y ,   v o l u m e   36,   n u m b e r  

3,  p a g e s   6 6 7 - 8 ,   March   1 9 6 4 .  

In  a l l   E x a m p l e s   and  C o m p a r a t i v e   R u n s ,   t h e   e q u i -  

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

m i x t u r e   w e r e   d e t e r m i n e d   by  a  p o t e n t i o m e t r i c   t i t r a t i o n  

p r o c e d u r e .   A  s a m p l e   c o n t a i n i n g   a b o u t   0 . 1   m i l l i e q u i v a l e n t  

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

d i s s o l v e d   in   20  g r ams   of   d i m e t h y l f o r m a m i d e .   75  ml  o f  

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

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

i s   s t i r r e d   and  s p a r g e d   w i t h   n i t r o g e n   gas   to   r e m o v e   d i s -  

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

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

0 . 1 , m o l a r   s o l u t i o n   of   t e t r a b u t y l a m m o n i u m   h y d r o x i d e   i n   90  

w e i g h t   p e r c e n t   t c l u e n e - 1 0   w e i g h t   p e r c e n t   m e t h a n o l   s o l v e n t .  

The  e n d p o i n t   i s   t h e   c e n t e r   o f  t h e   b r e a k   i n   t h e   t i t r a t i o n  

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

f r o m   y e l l o w   to   o r a n g e .   The  s a m p l e   d i s s o l v e d   in   d i m e t h y l -  

f o r m a m i d e   i s   t h e n   a d d e d   to   t h e   s e c o n d   b e a k e r   and  t i t r a t e d  



to   t h e   same  e n d p o i n t   as  t h e   s o l v e n t   b l a n k .   The  a m o u n t   o f  

c a r b o n   d i o x i d e   in   t h e   f i r s t   20  g r a m s   of   d i m e t h y l f o r m a m i d e  

e m p l o y e d   to   d i s s o l v e   t h e   s a m p l e   was  a s s u m e d   to   be  n e g l i -  

g i b l e .  

The  p e r c e n t   c o m p l e t i o n   of   t h e   r e a c t i o n   b e t w e e n  

C o m p o n e n t s   (A)  and  (B)  a f t e r   t h e   f i r s t   r e a c t i o n   p e r i o d   i s  

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

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

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

The  w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t ,   Mw,  i s  

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

T a b l e   I  c o n t a i n s   a  s u m m a r y   of   E x a m p l e s   1  to   4 

and  C o m p a r a t i v e   Runs  A,  B  and  C .  





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

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

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

(B)  i n   t h e   p r e s e n c e   of   a  s o l v e n t   and  a  c a t a l y s t   (C)  c h a r -  

a c t e r i z e d   by  a d d i n g   a f t e r   t h e   r e a c t i o n   b e t w e e n   C o m p o n e n t s  

(A)  and  (B)  i s   a t   l e a s t   97  p e r c e n t   c o m p l e t e   b a s e d   upon  t h e  

p h e n o l i c   h y d r o x y l   c o n t e n t   f r o m   0 . 0 0 5   to   0 . 1 2   p h e n o l i c  

h y d r o x y l   e q u i v a l e n t s   o f   a  h a l o g e n a t e d   b i s p h e n o l   (D)  p e r  

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

in  (B)  and  ( D ) .  

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

t h a t   t h e   h a l o g e n a t e d   b i s p h e n o l   (D)  i s   r e p r e s e n t e d   by  t h e  

f o r m u l a  

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

1  to   8  c a r b o n   a t o m s ,   - O - ,   - S - ,   - S - S - ,  n  h a s  

a  v a l u e   o f   0  o r   1,  e a c h   X  i s   i n d e p e n d e n t l y   c h l o r i n e   o r  

b r o m i n e ,   and  e a c h   X'  i s   i n d e p e n d e n t l y   h y d r o g e n ,   c h l o r i n e ,  

b r o m i n e   o r   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to  4  c a r b o n   a t o m s .  

3.  The  p r o c e s s   as  in   C l a i m   2  c h a r a c t e r i z e d   i n  

t h a t   A  i s  n  i s   1,  X  and  X'  a r e   b o t h   b r o m i n e .  

4.  The  p r o c e s s   as  in   C l a i m   1  c h a r a c t e r i z e d   b y  

a d d i n g   f r o m   0 . 0 1   to   0 . 0 5   p h e n o l i c   h y d r o x y l   e q u i v a l e n t s  

o f   t h e   h a l o g e n a t e d   b i s p h e n o l   (D)  p e r   e q u i v a l e n t   of   t h e  

t o t a l   p h e n o l i c   h y d r o x y l   c o n t e n t   c o n t a i n e d   in   (B)  and  ( D ) .  

5.  The  p r o c e s s   as  i n   C l a i m   1  c h a r a c t e r i z e d   b y  

a d d i n g   t h e   h a l o g e n a t e d   b i s p h e n o l   (D)  a f t e r   t h e   r e a c t i o n  

b e t w e e n   C o m p o n e n t s   (A)  and  (B)  i s   a t   l e a s t   98  p e r c e n t  

c o m p l e t e .  
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