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(S)  5-(23-Diketotetrahydrofuryl)-3-methyl-3-cyclohexene-1  ,2-dicarboxylic  anhydride,  its  use  as  curing  agent  for  epoxy  resins 
and  as  raw  material  for  the  production  of  polyimides,  epoxy  resins  containing  it,  a  powder  coating  composition  and 
articles  obtained  by  using  such  an  epoxy  resin. 

The  novel  5-(2,5-diketotetrahydrofuryl)  -3-methyl- 
3-cyclohexene  -1,2-dicarboxylic  anhydride  of  the  formula 

is  prepared  by  reacting  3-methyl  -4-cyclohexene 
-1,2-dicarboxylic  anhydride  with  maleic  anhydride.  The  said 
dianhydride  is  useful  as  a  curing  agent  for  epoxy  resins  or  a 
raw  material  for  the  production  of  polyimides.  Epoxy  resin 

compositions  consisting  essentially  of  an  epoxy  resin  and  the 
above  mentioned  dianhydride,  further  articles  and  a  powder 
coating  composition  obtained  by  using  such  an  epoxy  resin 
are  described. 



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

5 - ( 2 , 5 - d i k e t o t e t r a h y d r o f u r y l ) - 3 - m e t h y l - 3 - c y c l o h e x e n e -  

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

and  an  epoxy   r e s i n   c o m p o s i t i o n   c o n t a i n i n g   s a i d   n o v e l  

c o m p o u n d .  

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

of  t h i s   s e r i e s   a r e   u s e f u l   no t   o n l y   as  raw  m a t e r i a l s   f o r  

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

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

raw  m a t e r i a l s   f o r   w a t e r - s o l u b l e   p o l y e s t e r s ,   and  t h e i r  

a r e a   of  u t i l i t y   is   v e r y   wide   and  d i v e r s i f i e d .  

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

c a r b o x y l i c   d i a n h y d r i d e ,   f o r   e x a m p l e ,   have   been   w i d e l y  

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

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

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

and  a r e   h i g h l y   r e a c t i v e ,   t h e i r   h a n d l e a b i l i t y   a n d  

p r o c e s s a b i l i t y   a r e   no t   s a t i s f a c t o r y .   A l s o ,   t h e s e  

m a t e r i a l s   a r e   e x p e n s i v e .   The  use   of  t h e s e   a r o m a t i c  



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

For  e x a m p l e ,   when  s u c h   an  a r o m a t i c   t e t r a -  

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

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

t h e   epoxy   r e s i n   i s  p o o r ,   and  t h e   c u r i n g   r e a c t i o n   b e g i n s  

s i m u l t a n e o u s l y   w i t h   t he   m e l t i n g   of   t h e   r e s i n .   A c c o r d -  

i n g l y ,   t he   pot   l i f e   of  t he   e p o x y   r e s i n   is   s h o r t .   S i n c e  

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

c a n n o t   be  u s e d   fo r   c a s t i n g ,   p o t t i n g ,   or  e n c a p s u l a t i o n ,  

i t   i s   the   c u r r e n t   p r a c t i c e   to  mix  i t   w i t h   a  d i c a r b o x y l i c  

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

I t   has  been   d e s i r e d   t h e r e f o r e   to  d e v e l o p  

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

m e l t i n g   p o i n t s   and  good  s o l u b i l i t y   in  v a r i o u s   s o l v e n t s  

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

d i a n h y d r i d e s   a r e   u s e d .  

The  p r e s e n t   i n v e n t o r s   n o t e d   the   u n i q u e  

r e a c t i v i t y   of  3 - m e t h y l - 4 - c y c l o h e x e n e - l , 2 - d i c a r b o x y l i c  

a n h y d r i d e   ( to   be  a b b r e a v a i t e d   PMAA)  of  t he   f o l l o w i n g  

f o r m u l a  

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

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

t e t r a c a r b o x y l i c   a c i d   d i a n h y d r i d e   of  f o r m u l a   (I)   can  b e  

p r e p a r e d   f rom  PMAA  and  m a l e i c   a n h y d r i d e   by  a  ve ry   s i m p l e  

o p e r a t i o n .   The  p r e s e n t   i n v e n t o r s   a l s o   f o u n d   t h a t   m i x i n g  
of   t h e   t e t r a c a r b o x y l i c   a c i d   d i a n h y d r i d e   of  f o r m u l a   ( I )  

w i t h   an  epoxy   r e s i n   a f f o r d s   a  t h e r m o s e t t i n g   r e s i n   c o m -  

p o s i t i o n   h a v i n g   t h e   v a r i o u s   c h a r a c t e r i s t i c s   to  b e  

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

( m e a s u r e d   in  a c c o r d a n c e   w i t h   ASTM  D-648)   wh ich   is   o n e  

m e a s u r e   fo r   the   t h e r m a l   s t a b i l i t y   of  a  c u r e d   r e s i n .  

Thus ,   t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   5 - ( 2 , 5 -  

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



d i c a r b o x y l i c   a n h y d r i d e   ( to   be  a b b r e v i a t e d   MCTC),  w h i c h  

is  an  a l i p h a t i c   t e t r a c a r b o x y l i c   a c i d   d i a n h y d r i d e   h a v i n g  

good  s o l u b i l i t y   in   v a r i o u s   s o l v e n t s   and  a  l o w e r   m e l t i n g  

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

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

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

ing   e s s e n t i a l l y   of  an  epoxy  r e s i n   ( t o   be  r e f r e r r e d   . t o  

as  c o m p o n e n t   A),  and  MCTC  ( to  be  r e f e r r e d   to  as  c o m -  

p o n e n t   B ) .  

MCTC  of  f o r m u l a   (I)  can  be  p r e p a r e d   by  c h a r g i n g  

a  r e a c t o r   w i t h   PMAA  cf  f o r m u l a   ( I I )   and  0 .2   to  5  m o l e s ,  

pe r   mole  of  MCTC,  of  m a l e i c   a n h y d r i d e ,   h e a t i n g   t h e  

m i x t u r e   w i t h   s t i r r i n g   at  a  t e m p e r a t u r e   of  160  to  2 2 0 ° C  

f o r   2  to  24  h o u r s   in  the   p r e s e n c e   or  a b s e n c e   of  a  

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

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

a c e t i c   a n h y d r i d e   or  a  k e t o n e   such   as  m e t h y l   i s o b u t y l  

k e t o n e ,   and  r e c r y s t a l l i z i n g   i t .  

In  t h i s   p r o c e s s ,   the   r e a c t i o n   b e t w e e n   PMAA 

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

b e t w e e n   PMAA  as  a  h y d r o g e n   d o n o r   and  m a l e i c   a n h y d r i d e  

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

t he   m e c h a n i s m   s c h e m a t i c a l l y   shown  b e l o w .   At  t h i s   t i m e ,  

t r a n s f e r   of  t he   d o u b l e   bond  and  t h e   f o r m a t i o n   of  a n  

i n t e r c a r b o n   l i n k a g e   o c c u r   s i m u l t a n e o u s l y .   A  g e n e r a l  

e x a m p l e   of  " ene   s y n t h e s i s "   is  d e s c r i b e d ,   f o r   e x a m p l e ,  

in  A l d e r ,   H.  von  B r a c h e l :   Ann . ,   651,   141  ( 1 9 6 2 ) .  



Known  m e t h o d s   fo r   ene  s y n t h e s i s ,   s u c h   as  a  

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

( s e e   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  2 3 6 6 9 / 7 7 ) ,   a n d  

a  m e t h o d   u s i n g   o r t h o - d i c h l o r o b e n z e n e   as  a  s o l v e n t   ( s e e  

Org.   S y n t h . ,   IV,  766  ( 1 9 6 3 ) ) ,   can  be  a p p l i e d   to   t h e  

p r o d u c t i o n   of  5 - ( 2 , 5 - d i k e t o t e t r a h y d r o f u r y l ) - 3 - m e t h y l - 3 -  

c y c l o h e x e n e - l , 2 - d i c a r b o x y l i c   a n h y d r i d e   by  r e a c t i n g   PMAA 

w i t h   m a l e i c   a c i d   a t   a  h i g h   t e m p e r a t u r e .  

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

h a v i n g   a  m o l e c u l a r   w e i g h t   of  264,   an  a c i d   a n h y d r i d e  

e q u i v a l e n t   of  132  and  a  m e l t i n g   p o i n t   of  1 6 7 . 5   to  1 6 8 . 5  

( d e t e r m i n e d   by  a  c a p i l l a r y   m e t h o d ) ,   and  is  u s e f u l   a s  

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

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

p o l y e s t e r s ,   p o l y a m i d e s   or  p o l y i m i d e s .  

For  e x a m p l e ,   when  MCTC  is  u s e d   as  a  c u r i n g  

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

the   epoxy   r e s i n   i s   good ,   and  the   r e s u l t i n g   e p o x y   r e s i n  

c o m p o s i t i o n   can  be  f a b r i c a t e d   by  c a s t i n g ,   p o t t i n g   o r  

e n c a p s u l a t i o n .   As  w i l l   be  c l e a r l y   s e e n   f rom  a  c o m p a r i s o n  

of  E x a m p l e s   2  and  4  w i t h   C o m p a r a t i v e   E x a m p l e s   1,  2  and  3 

to  be  g i v e n   h e r e i n b e l o w ,   MCTC  has  b e t t e r   w o r k a b i l i t y  

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

and  c u r e d   c a s t   a r t i c l e s   o b t a i n e d   by  u s i n g   MCTC  have   a  

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

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

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

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

c o n t r o l .  

In  o t h e r   f i e l d s   of  a p p l i c a t i o n   of  MCTC,  h e a t -  

ing   of  MCTC  w i t h   a  d i a m i n o   compound  in  d i m e t h y l   f o r m a m i d e  

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

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

H e a t i n g   of   t h i s   p o l y a m i d e   at   a  t e m p e r a t u r e   of  a t   l e a s t  
200°C  g i v e s  a   p o l y i m i d e .   E x a m p l e s   of  t he   d i a m i n o   c o m -  

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

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



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

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

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

ly  s t a b l e   r e s i n s .  

P r o d u c t s   o b t a i n e d   by  c u r i n g   epoxy  r e s i n s ,   a s  
is  w e l l   known,   a re   u sed   in  a  wide   r a n g e   of  a p p l i c a t i o n s  

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

i m p r e g n a t e d   a r t i c l e s ,   c o a t e d   a r t i c l e s ,   l a m i n a t e d   b o a r d s ,  
and  a d h e s i v e s .   These   a r t i c l e s   a l l   r e q u i r e   h e a t   r e s i s t -  

ance   or  t h e r m a l   s t a b i l i t y ,   and  t h i s   r e q u i r e m e n t   h a s  

been   i n c r e a s i n g l y   s t r o n g e r   in  r e c e n t   y e a r s   w i t h   a  g r e a t  

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

t r a n s p o r t a t i o n .  

As  is   w e l l   known,   t o o ,   t he   p r o p e r t i e s   o f  

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

a r t i c l e s ,   s p e c i f i c a l l y   the   p r o p e r t i e s   a t t r i b u t e d   t o  

the   c h e m i c a l   s t r u c t u r e s   of  t h e   epoxy  r e s i n   and  a  c u r i n g  

a g e n t   t h e r e f o r   wh ich   a re   t he   m a j o r   c o n s t i t u e n t s   o f  

the   c u r e d   a r t i c l e s .  

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

a r t i c l e   a l s o   d e p e n d s   to  a  l a r g e   e x t e n t   upon  t he   c h e m i c a l  

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

c r o s s l i n k i n g   d e n s i t y   of  t he   r e s i n   w i t h i n   t he   m o l e c u l e s  

is  i m p o r t a n t ,   and  i t   i s   known  t h a t   t he   h e a t   r e s i s t a n t  

t e m p e r a t u r e   of  t he   c u r e d   a r t i c l e   b e c o m e s   h i g h e r   as  t h e  

c r o s s l i n k i n g   d e n s i t y   is  l a r g e r .  

Thus ,   i n v e s t i g a t i o n s   a r e   a l s o   u n d e r   way  a b o u t  

c u r i n g   a g e n t s   f o r   epoxy  r e s i n s ,   and  v a r i o u s   c u r i n g  

a g e n t s   f o r   t h e r m a l l y   s t a b l e   epoxy   r e s i n s   have   b e e n  

d e v e l o p e d .   P y r o m e l l i t i c   a n h y d r i d e   and  b e n z o p h e n o n e t e t r a -  

c a r b o x y l i c   a n h y d r i d e   a r c   g e n e r a l l y   known  as  s u c h  

t h e r m a l l y   s t a b l e  c u r i n g   a g e n t s .   H o w e v e r ,   t h e s e   a r o m a t i c  

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

of  more  t h a n   200°C  and  h i g h   r e a c t i v i t y .   F u r t h e r m o r e ,  

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

is  n e c e s s a r y   to  mix  them  at   h i g h   t e m p e r a t u r e s .   S i n c e  

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



m e l t i n g ,   t he   po t   l i f e  o f   the   r e s i n   i s   s h o r t .   A c c o r d i n g l y ,  
such   an  a r o m a t i c   t e t r a c a r b o x y l i c   a c i d   d i a n h y d r i d e ,   when 
used   a l o n e ,   has   t h e   d e f e c t   t h a t   i t   i s   d i f f i c u l t   to  u s e  

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

an  i m p r e g n a t i n g   v a r n i s h .  

Thus ,   s u c h   an  a r o m a t i c   t e t r a c a r b o x y l i c   a c i d  

d i a n h y d r i d e   is   g e n e r a l l y   u sed   in  c o m b i n a t i o n   of  w i th   a  

d i b a s i c   a c i d   d i a n h y d r i d e   such   as  m a l e i c   a n h y d r i d e ,   a n d  

as  a  r e s u l t ,   t he   t h e r m a l   s t a b i l i t y   of  the   r e s i n   i s  

i m p a i r e d .  

In  c o n t r a s t ,   when  in  a c c o r d a n c e   w i t h   the   p r e s e n t  

i n v e n t i o n ,   MCTC  is  u s e d   as  a  c u r i n g   a g e n t   fo r   e p o x y  

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

a g e n t s   can  be  r e m o v e d .  

The  epoxy   r e s i n ,   c o m p o n e n t   (A),   wh ich   c o n s t i -  

t u t e   t he   epoxy   r e s i n   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   may 

be  any  compound   w h i c h   c o n t a i n   a t   l e a s t   o n e  e p o x y   g r o u p  

in  t he   m o l e c u l e s .   T y p i c a l   e x a m p l e s   i n c l u d e   g l y c i d y l  

e t h e r s  o f   d i p h e n o l   s u c h   as  2 , 2 ' - b i s ( 4 - h y d r o x y p h e n y l )  

p r o p a n e   and  2 , 2 ' - b i s ( 4 - h y d r o x y - 2 , 6 - d i b r o m o p h e n y l ) p r o p a n e ;  

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

b e t w e e n   f o r m a l d e h y d e   and  p h e n o l   or  c r e s o l   ( n o v o l a k   r e s i n ) ;  

d i -   or  p o l y - g l y c i d y l   e t h e r s   of  d i o l s   or  p o l y o l s   s u c h  

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

g l y c o l ,   g l y c e r 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 ,  

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

p o l y g l y c i d y l   e s t e r s   of  d i -   or  p o l y c a r b o x y l i c   a c i d s   s u c h  

as  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 ,   i s o p h t h a l i c   a c i d ,  

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

p h t h a l i c   a n h y d r i d e   and  t r i m e l l i t i c   a c i d ;   t r i g l y c i d y l  

e s t e r s   o f  c y a n u r i c   a c i d   or  i s o c y a n u r i c   a c i d ;   d i -   o r  

p o l y g l y c i d y l a m i n e s   such   as  d i g l y c i d y l   p h e n y l a m i n e   a n d  

4 , 4 ' - b i s ( d i g l y c i d y l a m i n o ) d i p h e n y l m e t h a n e ;   e p o x i d i z e d  

p o l y b u t a d i e n e s ;   a l i c y c l i c   epoxy  c o m p o u n d s   such   a s  

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

1 - ( 1 - m e t h y l - 1 , 2 - e p o x y e t h y l ) - 3 , 4 - e p o x y m e t h y l c y c l o h e x a n e ,  
3 , 4 - e p o x y c y c l o h e x y l m e t h y l - 3 , 4 - e p o x y c y c l o h e x a n e c a r b o x y l a t e .  



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

d i o x i d e ,   d i e t h y l e n e g l y c o l - b i s ( 3 , 4 - e p o x y - c y c l o h e x e n e  

c a r b o x y l a t e ) ,   3 , 4 - e p o x y - h e x a h y d r o b e n z a l - 3 , 4 - e p o x y -  

c y c l o h e x a n e - 1 , 1 - d i m e t h a n o l   and  e t h y l e n e g l y c o l - b i s ( 3 , 4 -  

e p o x y t e t r a h y d r o - d i c y c l o p e n t a d i e n e - 8 - y l )   e t h e r ;  

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

e p o x i d i z e d   p r o d u c t   of  a  d i e s t e r   o b t a i n e d   f rom  2 , 7 -  

o c t a d i e n o l   or  1 , 7 - o c t a d i e n o l   and  p h t h a l i c   a n h y d r i d e   o r  

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

d e s c r i b e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  7 7 3 8 / 6 7 ,  

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

e t h e r   of   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   or  2 , 2 ' -  

b i s ( 2 - h y d r o x y p h e n y l ) m e t h a n e   in  t h e   p r e s e n c e   of  a  c a t a l y s t  

s u c h   as  r h o d i u m   or  r u t h e n i u m   to  c o n v e r t   i t   to  a n  

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

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

in  t he   p r e s e n c e   of  an  a c i d   c a t a l y s t   s u c h   as  BF3,  t h e  

d i h y d r o x y   compound   b e i n g   p r e p a r e d   by  a d d i t i o n   r e a c t i o n  

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

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

c y c l i z i n g   the   p r o d u c t ;   and  m o n o e p o x i d e   c o m p o u n d s   s u c h  

as  b u t y l   g l y c i d y l   e t h e r ,   p h e n y l   g l y c i d y l   e t h e r ,   p - s e c -  

b u t y l p h e n y l   g l y c i d y l   e t h e r   and  c r e s y l   g l y c i d y l   e t h e r .  

Of  t h e s e ,   the   d i -   or  p o l y g l y c i d y l   e t h e r s   of  d i p h e n o l s  

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

epoxy   c o m p o u n d s   a r e   p r e f e r r e d   in  a f f o r d i n g   r e s i n   c o m -  

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

The  o t h e r   compound   (B) ,   i . e .   MCTC,  w h i c h  

c o n s t i t u t e s   the   epoxy  r e s i n   c o m p o s i t i o n   of  t h i s   i n v e n t i o n  

is   o b t a i n e d   by  the   m e t h o d   d e s c r i b e d   h e r e i n a b o v e .   T h e  

m i x i n g   r a t i o   b e t w e e n   t he   epoxy  r e s i n   (A)  and  the   MCTC 

(B)  is   such   t h a t   the   r e s u l t i n g   c o m p o s i t i o n   c o n t a i n s   0 . 6  
to  1 .2   c a r b o x y l i c   a n h y d r i d e   g r o u p s ,   p r e f e r a b l y   0 .8   t o  

1 . 0 ,   c a r b o x y l i c   a n h y d r i d e   g r o u p ,   per   epoxy   g r o u p .  
The  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   may  c o n t a i n  

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



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

k e t o n e   and  d i m e t h y l f o r m a n i d e .   I f   r e q u i r e d ,   i t   may  
c o n t a i n   o t h e r   a d d i t i v e s .   E x a m p l e s   of  t h e   o t h e r   a d d i t i v e s  

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

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

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

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

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

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

c u r i n g   p r o m o t o r s   may  be  i n c o r p o r a t e d   i n t o   t he   r e s i n  

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

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

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

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   and  d i a z a b i c y c l o u n d e c e n e ;  

amine   s a l t s   s u c h   as  B F 3 - m o n o e t h y l a m i n e ;   i m i d a z o l e s  

such   as  2 - e t h y l - 4 - m e t h y l i m i d a z o l e ;   and  m e t a l   a l c o h o l a t e s  

such   as  s o d i u m   a l c o h o l a t e .  

The  e p o x y   r e s i n   of  t h i s   i n v e n t i o n   has   v a r i o u s  

a d v a n t a g e s .   S p e c i f i c a l l y ,   MCTC  has   a  low  m e l t i n g   p o i n t  

and  low  r e a c t i v i t y   and  has   good  c o m p a t i b i l i t y   w i t h   a n  

epoxy   r e s i n   as  c o m p a r e d   w i t h   a  c o m p o s i t i o n   c o m p r i s i n g  

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

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

a n h y d r i d e   i n s t e a d   of   MCTC.  Thus ,   t h e   o p e r a t i o n   o f  

m i x i n g   MCTC  w i t h   t he   epoxy   r e s i n   i s   v e r y   e a s y ,   and  t h e  

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

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

i n o r g a n i c   f i l l e r   s u c h   as  q u a r t z   p o w d e r   or  a  l a m i n a t e d  

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

to  p r o d u c e   f rom  a  c o m p o s i t i o n   c o n t a i n i n g   a  k n o w n  

t e t r a c a r b c x y l i c   a c i d   d i a n h y d r i d e ,   t h e s e   p r o d u c t s   c a n  
be  v e r y   e a s i l y   p r o d u c e d   f rom  t h e   epoxy   r e s i n   c o m p o s i t i o n  
of  t h i s   i n v e n t i o n .   F u r t h e r m o r e ,   m o l d e d   p r o d u c t s   o r  
c o a t e d   f i l m s   f rom  t he   epoxy   r e s i n   c o m p o s i t i o n   of   t h i s  

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

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

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



h e r e i n a b o v e ,   a r e   u sed   not   o n l y   in  c a s t i n g ,   p o t t i n g   o r  

e n c a p s u l a t i o n ,   bu t   a l s o   in  i m p r e g n a t i o n ,   l a m i n a t i o n ,  

b o n d i n g ,   c o a t i n g ,   e t c .  

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

i l l u s t r a t e   t he   p r e s e n t   i n v e n t i o n   more  s p e c i f i c a l l y .  

In  t h e s e   e x a m p l e s ,   a l l   p a r t s   and  p e r c e n t a g e s   a r e   by  

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

R e f e r e n c e   E x a m p l e   ( p r e p a r a t i o n   of  s t a r t i n g   PMAA) 

The  i n s i d e   of  a  r e a c t o r   e q u i p p e d   w i t h   a  

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

w i t h   an  i n e r t   g a s ,   and  i t   was  c h a r g e d   w i t h   9 8 . 1   p a r t s  

of  m a l e i c   a n h y d r i d e   and  49  p a r t s   of  b e n z e n e .   T h e n ,  

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

r e a c t o r   a t   40  to  45°C,   1 9 2 . 4   p a r t s   of  a  h y d r o c a r b o n  

m i x t u r e   of  t he   f o l l o w i n g   c o m p o s i t i o n   was  a d d e d   o v e r  

t he   c o u r s e   of  1  h o u r .  

A f t e r   the   a d d i t i o n ,   the   m i x t u r e   was  s t i r r e d  

at   45°C  f o r   h o u r s .   A f t e r   c o n f i r m i n g   t h a t   m a l e i c  

a n h y d r i d e   was  c o n s u m e d ,   the   h y d r o c a r b o n   m i x t u r e   a n d  

the   s o l v e n t   in  the   r e a c t o r   were   r e c o v e r e d   by  d i s t i l l a t i o n .  

T h u s ,   165  p a r t s   ( y i e l d   99%)  of  t he   d e s i r e d  

3 - m e t h y l - 4 - c y c l o h e x e n e - 1 , 2 - d i c a r b o x y l i c   a n h y d r i d e   (PMAA) 

was  o b t a i n e d .  



E x a m p l e  1  

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

d i a n h y d r i d e   of  t h e   i n v e n t i o n : -  

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

c h a r g e d   w i t h   4 5 . 8   p a r t s   of  PMAA  o b t a i n e d   in  t he   R e f e r e n c e  

Example   and  5 4 . 2   p a r t s   of  m a l e i c   a n h y d r i d e   ( P M A A / m a l e i c  

a n h y d r i d e   m o l a r   r a t i o = 1 / 2 ) ,   and  t h e   m i x t u r e   was  s t i r r e d  

at   200°C  f o r   4  h o u r s .  

Then ,   t h e   u n r e a c t e d   PMAA  and  m a l e i c   a n h y d r i d e  

were  r e c o v e r e d   by  vacuum  d i s t i l l a t i o n .   The  d i s t i l l a t i o n  

was  p e r f o r m e d   u n t i l   f i n a l l y   t h e   p r e s s u r e   became  10  mmHg 
and  the   t e m p e r a t u r e   of  t he   s t i l l   r e a c h e d   2 0 0 ° C .  

As  a  r e s u l t ,   3 3 . 7   p a r t s   of  u n r e a c t e d   PMAA 

and  4 4 . 8   p a r t s   of  u n r e a c t e d   m a l e i c   a n h y d r i d e   w e r e  

r e c o v e r e d .  

Then ,   2 1 . 5   p a r t s   of  t h e   c r u d e   p r o d u c t  

r e m a i n i n g   in  t h e   r e a c t o r   was  t a k e n   o u t ,   and  d i s s o l v e d  

in  60  p a r t s   of   n e t h y l   i s o b u t y l   k e t o n e   a t   110°C.   T h e  

s o l u t i o n   was  c o o l e d   to  room  t e m p e r a t u r e   to  a f f o r d   1 2 . 3  

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

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

of  1 6 7 . 5   to  1 6 8 . 5 ° C .  

The  p r o d u c t   r e c r y s t a l l i z e d   from  m e t h y l   i s o b u t y l  

k e t o n e   was  a n a l y z e d ,   and  t h e   r e s u l t s   a re   shown  i n  

T a b l e   1 .  



From  the   r e s u l t s   of  t h e s e   a n a l y s e s ,   e s p e c i a l l y  

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

of  t he   c h e m i c a l   s h i f t   of  the   m e t h y l   g r o u p ,   t h e  

a b s e n c e   of  a  m i c r o s t r u c t u r e   of  t he   a b s o r p t i o n   o f  

h y d r o g e n   a t t a c h e d   to  the   m e t h y l   g r o u p ,   and  t he   n u m b e r  

of  p r o t o n s   b o n d e d   tc  the   d o u b l e   bond ,   i t   was  a s c e r t a i n e d  

t h a t   as  a  r e s u l t   of  ene  s y n t h e s i s ,   t he   d o u b l e   bond  of  t h e  

c y c l o h e x e n e   r i n g   moved  from  t he   4 - p o s i t i o n   of  PMAA  t o  

t he   3 - p o s i t i o n   of  t he   r e a c t i o n   p r o d u c t .   F u r t h e r m o r e ,  



from  the   m o l e c u l a r   w e i g h t ,   t he   n e u t r a l i z a t i o n   e q u i v a l e n t ,  

the   i o d i n e   v a l u e   and  t h e   r e s u l t s   of  e l e m e n t a l   a n a l y s i s ,  

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

was  d e t e r m i n e d   to  have   t h e   s t r u c t u r e   of  f o r m u l a   ( I ) .  

Example   2 

P r e p a r a t i o n   of  an  e p o x y   r e s i n   c o m p o s i t i o n  

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

of  t h i s   i n v e n t i o n : -  

F i f t y - f i v e   p a r t s   of  t he   t e t r a c a r b o x y l i c   a c i d  

a n h y d r i d e   MCTC  o b t a i n e d   in  E x a m p l e   1  and  100  p a r t s   o f  

E p i c l o n   850  (a  t r a d e m a r k   f o r   a  l i q u i d   epoxy  r e s i n   h a v i n g  

an  epoxy  e q u i v a l e n t   of  192 ,   p r o d u c e d   by  D a i n i p p o n   I n k  

and  C h e m i c a l s ,   I n c . )   were   mixed   a t   170°C  f o r   20  m i n u t e s .  

The  m i x t u r e   was  c o o l e d   to  80°C ,   and  t h e n   0 .3   p a r t   o f  

d i m e t h y l b e n z y l a m i n e   was  a d d e d .   The  m i x t u r e   was  c a s t  

i n t o   a  mold ,   and  c u r e d   u n d e r   h e a t .   Then,   t he   h e a t  

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

The  h e a t   c u r i n g   c o n d i t i o n s   and  t he   h e a t  

d i s t o r t i o n   t e m p e r a t u r e   m e a s u r e d   a r e   shown  in  T a b l e   2 .  

The  c o m p o s i t i o n   of  t h e   a b o v e   r e c i p e   was  p o u r e d  

i n t o   a  t e s t   t u b e ,   and  h e a t e d   o v e r   an  o i l   b a t h   a t   1 0 0 ° C .  

Thus,   t he   g e l   t i m e   of  t h e   c o m p o s i t i o n   was  m e a s u r e d .  

The  r e s u l t s   a r e   a l s o   shown  in  T a b l e   2 .  

The  ge l   t i m e   d e n o t e s   t h e   t i m e   wh ich   e l a p s e s   f r o m  

the   b e g i n n i n g   of   h e a t i n g   t h e   c o m p o s i t i o n   at   100°C  u n t i l  

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

Example   3 

P r e p a r a t i o n   of   an  epoxy   r e s i n   c o m p o s i t i o n  

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

t h i s   i n v e n t i o n : -  

The  same  p r o c e d u r e   as  in  E x a m p l e   2  was  r e p e a t e d  

e x c e p t   t h a t   t he   a m o u n t   of  MCTC  was  c h a n g e d   to  62  p a r t s ,  

and  the   c u r i n g   was  e f f e c t e d   f i r s t   a t   160°C  f o r   15  h o u r s  

and  t h e n   a t   220°C  f o r   24  h o u r s .   The  gel   t i m e   a t   1 0 0 ° C  

of  the   c o m p o s i t i o n   was  m e a s u r e d ,   and  t h e n ,   t he   h e a t  

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

on  h e a t i n g ,   d i e l e c t r i c   c o n s t a n t ,   d i e l e c t r i c   t a n g e n t ,  



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

t he   r e s u l t i n g   c u r e d   c a s t   a r t i c l e   were   m e a s u r e d .   T h e  

r e s u l t s   a re   shown  in  T a b l e   3 .  

C o m p a r a t i v e   Example   1 

T e s t   fo r   the   s u i t a b i l i t y   of   a  c o m m e r c i a l l y  

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

a g e n t   f o r   epoxy  r e s i n s : -  

One  h u n d r e d   p a r t s   of  E p i c l o n   850  was  m i x e d  

w i t h   50  p a r t s   of  a  c o m m e r c i a l l y   a v a i l a b l e   b e n z o p h e n o n e -  

t e t r a c a r b o x y l i c   d i a n h y d r i d e   ( m o l e c u l a r   w e i g h t   3 2 2 )  

u s e d   as  a  c u r i n g   a g e n t   f o r   t h e r m a l l y   s t a b l e   e p o x y  
r e s i n s   at   1 7 0  C .   When  the   c o m p o s i t i o n   was  c a s t   i n  

t he   same  way  as  in  E x a m p l e   2,  i t   was  g e l l e d   soon  a f t e r  

t he   r e s i n   and  the  c u r i n g   a g e n t s   were   c o m p l e t e l y   m i x e d .  

C o m p a r a t i v e   Example   2 

T e s t   fo r   the   s u i t a b i l i t y   of  t he   c o m m e r c i a l l y  

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

a g e n t   f o r   epoxy  r e s i n s : -  

The  same  p r o c e d u r e s   as  in  E x a m p l e s   2  and  3 

were   r e p e a t e d   e x c e p t   t h a t   31  p a r t s   of  t he   b e n z o p h e n o n e -  

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

E x a m p l e   1,  19  p a r t s   of  m a l e i c   a n h y d r i d e   and  100  p a r t s  

of  E p i c l o n   850  were  u s e d .   The  ge l   t i m e   a t   100°C  o f  

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

f l e x u r a l   s t r e n g t h ,   w e i g h t   l o s s   on  h e a t i n g ,   d i e l e c t r i c  

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

t i v i t y   and  t r a c k i n g   r e s i s t a n c e   of  t he   r e s u l t i n g   c u r e d  

c a s t   a r t i c l e   were  m e a s u r e d ,   and  the   r e s u l t s   a r e   s h o w n  

in  T a b l e s   2  and  3 .  

E x a m p l e   4 

P r e p a r a t i o n   of  an  epoxy  r e s i n   c o m p o s i t i o n  

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

i n v e n t i o n : -  

The  p r o c e d u r e   of  E x a m p l e   2  was  r e p e a t e d   e x c e p t  

t h a t   a  m i x t u r e   composed   of  50  p a r t s   of  E p i c l o n   850,  50 

p a r t s   of  E p i c l o n   N-740  (a  t r a d e m a r k   f o r   a  n o v o l a k - t y p e  

epoxy   r e s i n   h a v i n g   an  epoxy   e q u i v a l e n t   of  188,  made  by  



D a i n i p p o n   Ink  and  C h e m i c a l s ,   I n c . )   and  4 8 . 6   p a r t s   of  MCTC 

o b t a i n e d   in  E x a m p l e   1  was  u s e d ,   and  d i m e t h y l b e n z y l a m i n e  

was  no t   u s e d .   The  h e a t   d i s t o r t i o n   t e m p e r a t u r e   of  t h e  

c u r e d   c a s t   a r t i c l e ,   and  the   ge l   t i n e   a t   100°C  of  t h e  

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

in  T a b l e   2 .  

C o m p a r a t i v e  E x a m p l e   3 

T e s t   f o r   the   s u i t a b i l i t y   of  the   a  c o m m e r c i a l l y  

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

a g e n t   f o r   epoxy   r e s i n s : -  

The  same  p r o c e d u r e   as  in  E x a m p l e   2  was  r e p e a t e d  

e x c e p t   t h a t   32  p a r t s   of  the   b e n z o p h e n o n e t e t r a c a r b o x y l i c  

a c i d   d i a n h y d r i d e   u s e d   in  C o m p a r a t i v e   E x a m p l e   1,  19 

p a r t s   of  m a l e i c   a n h y d r i d e ,   50  p a r t s   of  E p i c l o n   850,   a n d  

75  p a r t s   of   E p i c l o n   N-740  were   u s e d .   H o w e v e r ,   t h e  

c o m p o s i t i o n   was  g e l l e d   b e f o r e   the   r e s i n   and  t he   c u r i n g  

aen  a g e n t   go t   m i x e d .   Thus ,   c a s t i n g   of  t he   c o m p o s i t i o n  

was  i m p o s s i b l e .  



The  t e s t   was  c o n d u c t e d   a t   an  a p p l i e d   v o l t a g e  
of  380  V .and   an  i n t e r r u p t i n g   c u r r e n t   of  0.5A  in  a c -  

c o r d a n c e   w i t h   IEC  ( I n t e r n a t i o n a l   E l e c t r i c a l   C o m m i s s i o n )  

and  D I N  ( w e s t   German  I n d u s t r i a l   S t a n d a r d s ) .   The  n u m b e r  

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

t e s t   can  be  p e r f o r m e d   t h r o u g h   a t   l e a s t   101  c y c l e s ,  
the   d e p t h   of  p e n e t r a t i o n   is  d e t e r m i n e d .  



Example   5 

P r e p a r a t i o n   of  an  epoxy   r e s i n   c o m p o s i t i o n   u s i n g  

the   t e t r a c a r b o x y l i c   a c i d   d i a n h y d r i d e   of  t he   i n v e n t i o n : -  

The  p r o c e d u r e   of   E x a m p l e   3  was  r e p e a t e d   e x c e p t  

t h a t   E p i c l o n   850  was  c h a n g e d   to  E p i c l o n   830  (a  t r a d e m a r k  

fo r   a  d i g l y c i d y l   e t h e r   of  b i s p h e n o l   F  h a v i n g   an  e p o x y  

e q u i v a l e n t   of  180,   made  by  D a i n i p p o n   Ink  and  C h e m i c a l s ,  

I n c . ) ,   and  the   amoun t   of  MCTC  was  c h a n g e d   to  67  p a r t s .  

The  h e a t   d i s t o r t i o n   t e m p e r a t u r e   and  the   g e l   t i m e   a t  
100°C  were   m e a s u r e d .   The  r e s u l t s   a r e   shown  in  T a b l e   4 .  

E x a n p l e   6 

P r e p a r a t i o n   of  an  e p o x y   r e s i n   c o m p o s i t i o n  

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

i n v e n t i o n : -  

The  same  p r o c e d u r e   as  in  E x a m p l e   3  was  r e p e a t e d  

e x c e p t   t h a t   50  p a r t s   of  E p i c l o n   N - 7 4 0 ,   50  p a r t s   o f  

E p i c l o n   850,   and  63  p a r t s   o f   MCTC  were   u s e d .   The  h e a t  

d i s t o r t i o n  t e m p e r a t u r e   and  t he   ge l   t ime   a t  1 0 0 ° C   w e r e  

m e a s u r e d ,   and  the   r e s u l t s   a r e   shown  in  T a b l e   4 .  

E x a m p l e  7  

P r e p a r a t i o n   of  an  epoxy   r e s i n   c o m p o s i t i o n  

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

i n v e n t i o n : -  

The  same  p r o c e d u r e   as  in  E x a m p l e   3  was  r e p e a t e d  

e x c e p t   t h a t   50  p a r t s   of  E p i c l o n   850,   50  p a r t s   of  E R L - 4 2 2 1  

(a  t r a d e m a r k   f o r   an  a l i c y c l i c   epoxy  r e s i n   h a v i n g   a n  

epoxy  e q u i v a l e n t   of  140,   made  by  Union   C a r b i d e   C o r p o r a -  

t i o n )   and  73  p a r t s   of  MCTC  were   u s e d .   The  h e a t  

d i s t o r t i o n   t e m p e r a t u r e ,   and  t he   ge l   t i m e   at   1 0 0 ° C  w e r e  

m e a s u r e d ,   and  t he   r e s u l t s   a r e   shown  in  T a b l e   4 .  

E x a m p l e   8 

The  same  p r o c e d u r e   as  in  E x a m p l e   3  w a s  

r e p e a t e d   e x c e p t   t h a t   50  p a r t s   of  E p i c l o n   850,   E p i c l o n  
430  (a  t r a d e m a r k   fo r   a  g l y c i d y l a m i n e - t y p e   epoxy   r e s i n  

h a v i n g   an  epoxy  e q u i v a l e n t   of  112,   made  by  D a i n i p p o n  

Ink  and  C h e m i c a l s ,   I n c . ) ,   and  84  p a r t s   of  MCTC  w e r e  
u s e d .   The  h e a t   d i s t o r t i o n   t e m p e r a t u r e   and  t he   ge l   t i m e  



at   100°C  were   m e a s u r e d ,   and  t he   r e s u l t s   a re   shown  i n  

T a b l e   4 .  

E x a m p l e   9 

P r e p a r a t i o n   of  an  epoxy   r e s i n   c o m p o s i t i o n  
of  t h e   i n v e n t i o n : -  

A  f l a s k   e q u i p p e d   w i t h   a  c o n d e n s e r   was  c h a r g e d  

w i t h   62  p a r t s   of  MCTC  and  100  p a r t s   of  E p i c l o n   850,   a n d  

t h e y   were   mixed   at  170°C  f o r   20  m i n u t e s .   T h e  e p o x y  

e q u i v a l e n t   of  t he   m i x t u r e   became   3 7 8 .  

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

1 0 0 ° C ,   and  133  p a r t s   of  a c e t o n e   was  a d d e d .   The  m i x t u r e  

was  c o o l e d   to  room  t e m p e r a t u r e ,   and  t h e n   0 .1   p a r t   o f  

b e n z y l m e t h y l a m i n e   was  a d d e d   to  form  a  c o m p o s i t i o n  

h a v i n g   a  v i s c o s i t y ,   at  25°C,   of   1 1 . 0   c e n t i p o i s e s .  

When  t h i s   c o m p o s i t i o n   was  s t o r e d   f o r   one  m o n t h  

at   25°C,   i t s   v i s c o s i t y   was  1 1 . 2 . c e n t i p o i s e s ,   s h o w i n g  

s c a r c e l y   any  c h a n g e .   I t   is  s e e n   from  t he   r e s u l t   t h a t  

t he   c o m p o s i t i o n   of  t h i s   i n v e n t i o n   has   s u p e r i o r   s t o r a g e  

s t a b i l i t y .  

A p p l i c a t i o n   Example   1 

P r e p a r a t i o n   of  a  p o l y i m i d e : -  

In  100  p a r t s   of  d i m e t h y l f o r m a m i d e   were   d i s s o l v -  

ed  24  p a r t s   of  MCTC  o b t a i n e d   in  E x a m p l e   1  and  20  p a r t s  

of  4 , 4 ' - d i a m i n o d i p h e n y l s u l f o n e .   The  s o l u t i o n   w a s  

s t i r r e d   a t   100°C  fo r   24  h o u r s   to  form  a  d i m e t h y l f o r m a m i d e  

s o l u t i o n   of  a  p o l y a m i d c .   The  s o l u t i o n   was  c o a t e d   i n  

f i l m   form  on  a  g l a s s   p l a t e ,   and  h e a t e d   at   70°C  f o r  



1  hour   to  r e m o v e   the   d i m e t h y l f o r m a m i d e   and  t h e r e b y   t o  

form  a  p o l y a m i d e   f i l m .   Then ,   t he   f i l e  was  h e a t e d   a t  
220°C  f o r   1  h o u r   to  form  a  p o l y i m i d e   f i l m .   T h e  

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

a t u r e   (Tg)  of  3 0 5 ° C .   In  t he   IR  s p e c t r u m   of  t h i s   f i l m ,  

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

seen   a t   1 7 6 0 ,   1 7 0 0 ,   700 ,   and  600  c m - 1 .  

A p p l i c a t i o n   E x a m p l e   2 

P r o d u c t i o n   o f  a   l a m i n a t e d   a r t i c l e : -  

The  c o m p o s i t i o n   p r e p a r e d   in  E x a m p l e   9  w a s  

i m p r e g n a t e d   w i t h   g l a s s   c l o t h s   ( t r e a t e d   w i t h   b o r a n e ) ,   a n d  

d r i e d   at   room  t e m p e r a t u r e   f o r   60  m i n u t e s ,   and  t h e n   a t  

150°C  f o r   8  m i n u t e s   to  p r e p a r e   9  p r e p r e g s .   They  w e r e  

p r e s s - f o r m e d   by  a  ho t   p r e s s   to  form  a  l a m i n a t e d   b o a r d  

h a v i n g   a  t h i c k n e s s   of  1 .6   m m .  T h e   p r e s s - f o r m i n g   w a s  

c a r r i e d   ou t   a t   a  t e m p e r a t u r e   of  160°C  and  a  p r e s s u r e  
of  40  k g / c m 2   f o r   a  p e r i o d   of  60  m i n u t e s .  

The  r e s u l t i n g   l a m i n a t e d   b o a r d  w a s   p o s t - c u r e d  

at  220°C  f o r   15  h o u r s ,   and  t h e n   i t s   f l e x u r a l   s t r e n g t h  

and  f l e x u r a l   m o d u l u s   of  e l a s t i c i t y   were   m e a s u r e d .   T h e  

r e s u l t s  a r e   shown  in  T a b l e   5 .  

A p p l i c a t i o n   E x a m p l e  3  

P r e p a r a t i o n   of  a  c o a t i n g   c o m p o s i t i o n : -  

MCTC  ( 7 . 0   p a r t s ) ,   5 2 . 5  p a r t s   of  " E p i c l o n   3 0 5 0 "  

(a  t r a d e m a r k   f o r  a   b i s p h e n o l - t y p e   s o l i d   epoxy   r e s i n  

h a v i n g   a  medium  m e l t i n g   p o i n t   and  an  epoxy   e q u i v a l e n t  
of  800 ,   made  by  D a i n i p p e n   I n k  a n d   C h e m i c a l s ,   I n c . ) ,  

4 0  p a r t s   of  t i t a n i u m   o x i d e   and  0 .5   p a r t   of  " M o d a f l o w "  



(a  t r a d e m a r k   f o r   a  f l ow  r e g u l a t i n g   a g e n t   made  by  M o n s a n t o  

Company)  were   k n e a d e d   and  m e l t e d   in  a  k n e a d e r ,   t h e n  

f i n e l y   p u l v e r i z e d ,   and  p a s s e d   t h r o u g h  a   1 5 0 - m e s h   w i r e  

g a u z e   to  form  a  w h i t e   p o n d e r   c o a t i n g   c o m p o s i t i o n .  

The  w h i t e   p o w d e r   c o a t i n g   c o m p o s i t i o n   w a s  

c o a t e d   on  a  z i n c   p h o s p h a t e - t r e a t e d   s t e e l   p a n e l   h a v i n g  

a  t h i c k n e s s   of  0 . 8   mm,  and  the   p r o p e r t i e s   of  t he   c o a t e d  

f i l m   were   t e s t e d .   The  r e s u l t s   a r e   shown  in  T a b l e   6 .  

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

The  same  p r o c e d u r e   as  in  A p p l i c a t i o n   E x a m p l e   3 

was  r e p e a t e d   e x c e p t   t h a t  7 . 0   p a r t s   of  p y r o m e l l i t i c  

a n h y d r i d e   was  u s e d   i n s t e a d   of  MCTC. 

In  t he   same  way  as  in  A p p l i c a t i o n   E x a m p l e   3 ,  

the   p r o p e r t i e s   of  a  c o a t e d   f i l m   were   t e s t e d .   T h e  

r e s u l t s   a r e   shown  in  T a b l e   6 .  



1.  T e t r a c a r b o x y l i c   a c i d   d i a n h y d r i d e   of  t he   f o m u l a :  

2.  The  c o m p o u n d   of  c l a i m   1  w h i c h   is  o b t a i n e d   b y  

r e a c t i n g   3 - m e t h y l - 4 - c y c l o h e x e n e - 1 , 2 - d i c a r b o x y l i c  

a n h y d r i d e   w i t h   n a l e i c   a n h y d r i d e .  

3.  Use  of   t h e   compound   of  c l a i m   1  as  a  c u r i n g  

a g e n t   f o r   e p o x y   r e s i n s .  

4.  Use  of   t h e   compound   of  c l a i m   1  a s  a   r a w  

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

5.  An  epoxy   r e s i n   c o m p o s i t i o n   c o n s i s t i n g  

e s s e n t i a l l y   of  (A)  an  epoxy   r e s i n ,   and  (B)  t e t r a c a r b o x y l i c  

d i a n h y d r i d e   of   t h e   f o r m u l a :  

6.  A  p o w d e r   c o a t i n g   c o m p o s i t i o n   o b t a i n e d   b y  

u s i n g   t he   e p o x y  r e s i n   c o m p o s i t i o n   of  c l a i m   5 .  

7.  A  c o a t e d   a r t i c l e   o b t a i n e d   by  u s i n g   the   e p o x y  
r e s i n   c o m p o s i t i o n   of  c l a i m   5 .  

8.  A  c a s t ,   p o t t e d   or  e n c a p s u l a t e d   a r t i c l e   o b t a i n e d  

by  u s i n g   t he   e p o x y   r e s i n   c o m p o s i t i o n   of  c l a i m   5 .  

9.  A  l a m i n a t e d   a r t i c l e   o b t a i n e d   by  u s i n g   t h e  

epoxy   r e s i n   c o m p o s i t i o n   of  c l a i m   5 .  

10.  An  i m p r e g n a t e d   a r t i c l e   o b t a i n e d   by  t he   e p o x y  
r e s i n   c o m p o s i t i o n   of  c l a i m   5 .  

11.  A  b o n d e d   a r t i c l e   o b t a i n e d   by  u s i n g   the   e p o x y  
r e s i n   c o m p o s i t i o n   of  c l a i m   5 .  
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