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B a c k g r o u n d   of  the   I n v e n t i o n  

F i e l d   of  t he   I n v e n t i o n  

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

b r e a k d o w n   of  p h e n o l i c   r e s i n   b o n d e d   c o r e s   and  to  a d d i t i v e  

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

D e s c r i p t i o n   of  t he   P r i o r   A r t  

C o r e s   b o n d e d   w i t h   p h e n o l i c   r e s i n   have  been  w i d e l y   u s e d  

in  f o u n d r i e s   of  m e t a l s   r a n g i n g   f rom  s t e e l   to   a l u m i n u m .  

H o w e v e r ,   in  some  c a s e s   s u c h   as  a l u m i n u m   c a s t i n g ,   t h i s   t y p e  

of  c o r e   has  t h e   d i f f i c u l t   p r o b l e m   t h a t   i t   f a i l s   in  b r e a k d o w n  

c a p a b i l i t y .   Th i s   i s   due   to   t he   f a c t   t h a t   t he   m e l t i n g  

t e m p e r a t u r e   of  a l u m i n u m   i s   too   low  to  p r o m o t e   t h e   t h e r m a l  

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

a d d i t i o n ,   t h e r e   a r e   o t h e r   c a u s e s   which   a r e   c h a r a c t e r i s t i c   o f  

a l u m i n u m   c a s t i n g   and  w h i c h   w o r s e n   the   p r o b l e m .  

P h e n o l i c   r e s i n   is   h e a t   r e s i s t a n t   and  u n d e r g o e s   t h e r m a l  

d e c o m p o s i t i o n   on ly   when  i t   is   h e a t e d   a b o v e   5 0 0 ° C .   H e n c e ,  

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

a l u m i n u m   c a s t i n g s   whose   m e l t i n g   t e m p e r a t u r e   i s   too   low  t o  

h e a t   them  up  to  t he   c r i t i c a l   t e m p e r a t u r e .   In  mos t   a l u m i n u m  

c a s t i n g   m e t h o d s ,   p o u r i n g   is   a t   a r o u n d   700°C  and  t h e  

t e m p e r a t u r e   to  wh ich   c o r e s   a r e   h e a t e d   i s   e s t i m a t e d   to   b e  

b e l o w   5 0 0  C .   For  s h a k i n g   ou t   c o r e s   c o m p l e t e l y ,   i t   is  o f t e n  

n e c e s s a r y   to  r e h e a t   c a s t i n g s   in  a  f u r n a c e   a b o v e   500°C  f o r  

s e v e r a l   h o u r s .   N a t u r a l l y ,   t h i s   r e s u l t s   no t   o n l y   i n  

e x c e s s i v e   m a n - h o u r s   b u t   a l s o   in  h i g h   f u e l   c o s t s .  

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

b o n d e d   c o r e s ,   v a r i o u s   s o l u t i o n s   have  been  p r o p o s e d .   F o r  

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

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

m a k i n g .   Howeve r ,   c o r e s   t h u s   made  b r i n g   a b o u t   a n o t h e r  



u n d e s i r a b l e   r e s u l t   in  a l u m i n u m   c a s t i n g s .   T h a t   i s ,   s i n c e  

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

e v o l u t i o n ,   i t   t e n d s   to   c a u s e   b low  h o l e s   in  c a s t i n g s .   I n  

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

d e c o m p o s i t i o n   t e m p e r a t u r e   of  t h e   r e s i n   i s ,   t h e   more   m a r k e d  

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

Summary  of  t h e   I n v e n t i o n  

I t   i s   t h e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   i m p r o v e  

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

The  i n v e n t o r   of  t h i s   i n v e n t i o n   has  f o u n d   t h a t   t h i s  

o b j e c t   i s   a c h i e v e d   by  a d d i n g   a  b r e a k d o w n   a c c e l e r a t o r   to  c o r e  

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

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

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

a c i d   s a l t s ,   and  has   t h e   fo rm  of  a  f i n e   p o w d e r .   C o r e   s a n d  

m i x e d   w i t h   t h e   a c c e l e r a t o r   is   f o r m e d   in  t h e   u s u a l   way,  i . e .  

by  b l o w i n g   i t   i n t o   a  c o r e   b o x .  

T h u s ,   t h i s   i n v e n t i o n   r e s i d e s   in  a  m e t h o d   o f  

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

means   of  a d d i n g   b a s i c   s a l t s   of  a l k a l i   m e t a l s   in  p o w d e r   f o r m  

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

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

t h e r e o f .  

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

i n v e n t i o n   may  be  t h e   c o n v e n t i o n a l   o n e .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   as  an  a c c e l e r a t o r   f o r  

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

s u c h   as  s o d i u m   c a r b o n a t e ,   p o t a s s i u m   c a r b o n a t e ,   e t c . ,   a l k a l i  

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

o r g a n i c   a c i d   s a l t s   of  a l k a l i   m e t a l s   s u c h   as  t a r t r a t e s ,  

c i t r a t e s ,   a c e t a t e s ,   and  o x a l a t e s   of  a l k a l i   m e t a l s   may  b e  

u s e d .   T h e s e   c o m p o u n d s   w i l l   be  r e f e r r e d   to  as  " a l k a l i   m e t a l  

c o m p o u n d s "   or  " b a s i c   s a l t s   of  a l k a l i   m e t a l s "   c o l l e c t i v e l y  



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

The  a c c e l e r a t o r   of  t h i s   i n v e n t i o n ,   i . e .   t he   b a s i c   s a l t s  

of  a l k a l i   m e t a l s   in  p o w d e r   form  may  be  m i c r o e n c a p s u l a t e d  

w i t h   p l a s t i c .  

Th i s   i n v e n t i o n   a l s o   r e s i d e s   in  an  a d d i t i v e   c o m p o s i t i o n  

f o r   use   in  a c c e l e r a t i n g   t h e   b r e a k d o w n   of  p h e n o l i c   r e s i n  

b o n d e d   c o r e s ,   t he   a d d i t i v e   c o m p o s i t i o n   c o m p r i s i n g   b a s i c  

s a l t s   of  a l k a l i   m e t a l s   in  p o w d e r   f o r m ,   and  w h i c h   i s  

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

D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t s  

The  a b o v e - m e n t i o n e d   a l k a l i   m e t a l   c o m p o u n d s   have  t h e  

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

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

t h e i r   a d d i t i o n   to  t h e   c o r e   s a n d   r e s u l t s   in  l o w e r i n g   t h e  

b a k e d   s t r e n g t h   of  c o r e s   t h u s   made.   A n o t h e r   d i s a d v a n t a g e   i s  

t h a t   t h e y   become  m o i s t   e a s i l y ,   and  i f   t h e y   become  w e t ,   t h e i r  

a d d i t i o n   to  c o r e   s a n d   r e s u l t s   no t   o n l y   in  a  r e d u c t i o n   in  t h e  

b a k e d   s t r e n g t h   of  c o r e s   b u t   a l s o   in  an  i n c r e a s e   in  c a s t i n g  

d e f e c t s   c a u s e d   due  to   gas  b l o w i n g .  

To  e l i m i n a t e   t h e s e   d i s a d v a n t a g e s   s u c c e s s f u l l y ,   t h e  

a l k a l i   m e t a l   c o m p o u n d s   of  t h i s   i n v e n t i o n   may  b e  

m i c r o e n c a p s u l a t e d   w i t h   p l a s t i c .   To  do  so ,   p o w d e r   of  t h e  

c o m p o u n d s   is  mixed  w i t h   a  p l a s t i c   s o l u t i o n   or  c o l l o i d a l  

s o l u t i o n   and  t hen   d r i e d   up.   The  p l a s t i c   u s a b l e   f o r   t h i s  

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

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

d e c o m p o s i t i o n   when  t h e y   a r e   h e a t e d   a b o v e   a b o u t   3 0 0 ° C .  

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

have   the   f o l l o w i n g   a d v a n t a g e s :  

1)  They  s c a r c e l y   b e c o m e   m o i s t   even  a f t e r   t h e y   a r e   h e a t e d  

at   t he   h igh   t e m p e r a t u r e s   of  c o r e   b a k i n g ;  

2)  S i n c e   p l a s t i c   w e t s   p h e n o l i c   r e s i n   w e l l ,   i t   i m p r o v e s   t h e  

b a k e d   s t r e n g t h   of  c o r e s ;  

3)  On  p o u r i n g   m o l t e n   m e t a l ,   t h e   p l a s t i c   c a p s u l e   d e c o m p o s e s  



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

p h e n o l i c   b i n d e r .   T h e r e f o r e ,   i t   does   no t   d i s t u r b   the   a l k a l i  

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

c o r e s .  

The  a m o u n t   of  t h e   a c c e l e r a t o r   to  be  a d d e d   to  c o r e   s a n d  

is   l e s s   t h a n   2%  by  w e i g h t .   The  a m o u n t   s h o u l d   be  v a r i e d   i n  

a c c o r d a n c e   no t   o n l y   w i t h   t h e   c o n t e n t   of  t h e   p h e n o l i c   r e s i n  

u s e d   f o r   c o a t i n g   bu t   a l s o   in  a c c o r d a n c e   w i t h   t h e   g r a i n   s i z e  

of  t h e   s a n d .  

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

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

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

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

s h o u l d   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e   i n v e n t i o n   is  n o t  

l i m i t e d   to   t h e   s p e c i f i c   d e t a i l s   s e t   f o r t h   in  t h e   e x a m p l e s .  

E x a m p l e   1 

One  p a r t   by  w e i g h t   of  s o d i u m   c a r b o n a t e   was  mixed  w i t h  

two  p a r t s   by  w e i g h t   of  p o t a s s i u m   b i t a r t r a t e .   The  m i x t u r e  

was  a d d e d   to  a  20%  p o l y s t y r e n e   s o l u t i o n   and  t h o r o u g h l y  

k n e a d e d   to   p r o d u c e   a  p a s t e   m i x t u r e .   S u b s e q u e n t l y ,   k e r o s e n e  

was  a d d e d   to  t he   p a s t e   f o r   m i c r o e n c a p s u l a t i o n   by  means  o f  

c o a c e r v a t i o n .   The  p a s t e   was  d r i e d   and  r e d u c e d   to   a  p o w d e r .  

The  p o w d e r   d i d   no t   b e c o m e   m o i s t   and  c o u l d   be  s t o r e d   fo r   l o n g  

p e r i o d s .  

E x a m p l e   2 

One  p a r t   of  s o d i u m   c a r b o n a t e   was  m i x e d   w i t h   5  p a r t s   o f  

p o l y s t y r e n e   c o l l o i d a l   s o l u t i o n   whose   s o l v e n t   was  a  m i x t u r e  

of  x y l e n e   and  k e r o s e n e .   The  c o l l o i d a l   s o l u t i o n   had  a  

c o m p o s i t i o n   of  10%  of  p o l y s t y r e n e ,   30%  s o l v e n t   and  6 0 %  

c e r a m i c   p o w d e r .   The  r e s u l t i n g   p a s t e   was  warmed  to  r e m o v e  

x y l e n e   and  r e d u c e d   to   a  p o w d e r .  

In  c o r e   m a k i n g   one  p a r t   by  w e i g h t   of  t h e   p o w d e r  

p r e p a r e d   in  E x a m p l e   1  or  2  was  mixed   w i t h   100  p a r t s   b y  

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

r e s i n   c o n t e n t   was  2%  by  w e i g h t .   The  a d d i t i o n   of  the   p o w d e r  

to  t h e   s a n d   had  no  d e t r i m e n t a l   e f f e c t   upon  t h e   b a k e d  



p r o p e r t i e s   of  t he   r e s u l t i n g   c o r e s .   They  had  a  b e n d i n g  

s t r e n g t h   of  h i g h e r   t han   40  k g / c m 2   and  t h e r e   were   f e w  

d i f f e r e n c e s   in  t he   p e r f o r m a n c e   of  the   t h u s   p r e p a r e d   c o r e s  

and  t h e   c o n v e n t i o n a l   c o r e s   made  w i t h o u t   the   a d d i t i v e .  

E x a m p l e   3 

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

E x a m p l e s   1  and  2  a b o v e   were   u s e d   f o r   a l u m i n u m   c a s t i n g s   o f  

c y l i n d e r   h e a d s   and  i n t a k e   m a n i f o l d s .   On  c a s t i n g   no  c a s t i n g  

d e f e c t s   w e r e   p r o d u c e d   by  gas   e v o l u t i o n .   T h e i r   b r e a k d o w n  

p r o p e r t y   was  e x c e l l e n t ,   and  t h u s   t he   c o r e   sand   p r e p a r e d   i n  

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   was  a b l e   to  be  e a s i l y   s h a k e n  

ou t   by  m e c h a n i c a l   v i b r a t i o n .   By  c o n t r a s t ,   i t   is   n e c e s s a r y  
to  r e h e a t   c a s t i n g s   a b o v e   500°C  f o r   s e v e r a l   h o u r s   to   r e m o v e  

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

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

E x a m p l e   4 

One  p a r t   by  w e i g h t   of  p o t a s s i u m   b i t a r t r a t e   was  m i x e d  

w i t h   100  p a r t s   by  w e i g h t   of  r e s i n   c o a t e d   s and   h a v i n g   a  

c o n t e n t   of  2%  by  w e i g h t   p h e n o l i c   r e s i n .   C o r e s   made  f r o m  

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

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

b a k e d   b e n d i n g   s t r e n g t h   was  l e s s   t h a n   20  k g / c m 2 ,   and  t h a t  

t h e y   we re   t oo   weak  to  make  c o r e s   of  d e l i c a t e   d e s i g n .  

E x a m p l e   5 

One  p a r t   by  w e i g h t   of  p o t a s s i u m   c a r b o n a t e   was  m i x e d  

w i t h   300  p a r t s   by  w e i g h t   of  r e s i n   c o a t e d   s and   h a v i n g   a  

c o n t e n t   of  2%  by  w e i g h t   of  p h e n o l i c   r e s i n .   C o r e s   t h u s   m a d e  

had  e x c e l l e n t   b r e a k d o w n   c a p a b i l i t y   in  a l u m i n u m   c a s t i n g s .  

H o w e v e r ,   t h e y   had  the   d i s a d v a n t a g e   t h a t   s i n c e   t h e y   e a s i l y  

b e c a m e   m o i s t ,   i t   was  d i f f i c u l t   to  s t o r e   them  f o r   l o n g .  

A l t h o u g h   t h i s   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  

p r e f e r r e d   e m b o d i m e n t s   i t   is   to   be  u n d e r s t o o d   t h a t   v a r i a t i o n s  

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

c o n c e p t   of  t h e   i n v e n t i o n   as  d e f i n e d   in  t he   f o l l o w i n g   c l a i m s .  



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

r e s i n   b o n d e d   c o r e s   by  means   of  a d d i n g   a  b a s i c   s a l t   of  a l k a l i  

m e t a l s   in  p o w d e r   fo rm  to  p h e n o l i c   r e s i n   c o a t e d   s a n d ,   w h e r e i n  

t h e   b a s i c   s a l t   i s   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   o f  

a l k a l i   m e t a l   c a r b o n a t e s ,   b i c a r b o n a t e s   and  o r g a n i c   a c i d  

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

2.  The  m e t h o d   d e f i n e d   in  C l a i m   1,  w h e r e i n   s a i d   b a s i c   s a l t  

of  a l k a l i   m e t a l s   is   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   o f  

s o d i u m   c a r b o n a t e ,   p o t a s s i u m   c a r b o n a t e ,   s o d i u m   b i c a r b o n a t e ,  

p o t a s s i u m   b i c a r b o n a t e ,   s o d i u m   t a r t r a t e ,   p o t a s s i u m   t a r t r a t e ,  

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

a c e t a t e ,   s o d i u m   o x a l a t e ,   p o t a s s i u m   o x a l a t e ,   and  m i x t u r e s  

t h e r e o f .  

3.  The  m e t h o d   d e f i n e d   in  C l a i m   2,  w h e r e i n   s a i d   b a s i c   s a l t  

of  a l k a l i   m e t a l s   i s   s o d i u m   c a r b o n a t e .  

4.  The  m e t h o d   d e f i n e d   in  C l a i m   1,  w h e r e i n   t h e   b a s i c   s a l t  

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

5.  The  m e t h o d   d e f i n e d   in  C l a i m   4,  w h e r e i n   t h e   p l a s t i c   i s  

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

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

6.  The  m e t h o d   d e f i n e d   in  C l a i m   4,  w h e r e i n   t he   p l a s t i c   i s  

p o l y s t y r e n e .  

7.  An  a d d i t i v e   c o m p o s i t i o n   f o r   u se   in  a c c e l e r a t i n g   t h e  

b r e a k d o w n   of  p h e n o l i c   r e s i n   b o n d e d   c o r e s ,   wh ich   c o m p r i s e s  

b a s i c   s a l t s   of  a l k a l i   m e t a l s   in  p o w d e r   f o r m ,   which   i s  

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



8.  The  a d d i t i v e   c o m p o s i t i o n   d e f i n e d   in  C l a i m   7,  w h e r e i n  

t h e   b a s i c   s a l t   of  a l k a l i   m e t a l s   is  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  s o d i u m   c a r b o n a t e ,   p o t a s s i u m   c a r b o n a t e ,   s o d i u m  

b i c a r b o n a t e ,   p o t a s s i u m   b i c a r b o n a t e ,   s o d i u m   t a r t r a t e ,  

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

s o d i u m   a c e t a t e ,   p o t a s s i u m   a c e t a t e ,   s o d i u m   o x a l a t e ,   p o t a s s i u m  

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

9.  The  a d d i t i v e   c o m p o s i t i o n   d e f i n e d   in  C l a i m   7,  w h e r e i n  

s a i d   b a s i c   s a l t   of  a l k a l i   m e t a l s   is   s o d i u m   c a r b o n a t e .  

10.  The  a d d i t i v e   c o m p o s i t i o n   d e f i n e d   in  c l a i m   7,  w h e r e i n  

t h e   p l a s t i c   is   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   o f  

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

t h e r e o f .  
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