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molds  for  investment  casting  is  disclosed.  The  stucco 
particles  comprise  refractory  powder  held  together  by  a 
binder  which  volatilizes  or  otherwise  disintegrates  at  firing 
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broken  away  from  the  finished  casting. 



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

a n d  m o r e   p a r t i c u l a r l y   to  new  and  n o v e l   c o m p o s i t i o n s   and  c o m b i n a -  

t i o n s  o f   s h e l l   b u i l d i n g   m a t e r i a l s   to  p r o v i d e   an  i m p r o v e d   s h e l l  

m o l d .  

The  s t a n d a r d   m e t h o d s   of   f o r m i n g   a  c e r a m i c   s h e l l   mold   o v e r  

h e a t   d e s t r u c t a b l e   p a t t e r n   a r e   w e l l   known  in  t h e   a r t .   B a s i c a l l y  

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

1)  A  s e t - u p   o f   h e a t   d e s t r u c t a b l e   p a t t e r n s ,   s u c h   as  w a x  

p a t t e r n s ,   i s  p r e p a r e d   on  a  s u i t a b l e   r u n n e r   s y s t e m .  

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

v i d e d   ( a b o u t   200  to  325  mesh)   r e f r a c t o r y   p o w d e r  o r   " f l o u r "  

( f u s e d   s i l i c a ,   z i r c o n i u m   s i l i c a t e ,   or  c a l c i n e d   a l u m i n o - s i l i c a t e )   a n d  

b i n d e r   s u c h   as  15%  to   30%  s i l i c a   s o l ,   p l u s   a  s m a l l   a d d i t i o n   o f  

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

u s e d .   T h e s e   a r e   b l e n d e d   in  s u i t a b l e   p r o p o r t i o n s   to   f o rm  a  s l u r r y  

w h i c h  i s   k e p t  i n   s u s p e n s i o n   by  m e c h a n i c a l   a g i t a t i o n .  

3)  The  s e t - u p   i s   d i p p e d   i n t o   t h e   s l u r r y   to   c o a t   a l l   s u r -  

f a c e s .   The  s e t - u p   i s   t h e n   w i t h d r a w n   and  t h e   e x c e s s   s l u r r y   a l l o w e d  

t o   d r a i n   o f f .   The  s e t - u p   is   m a n i p u l a t e d   e i t h e r   by  h a n d   o r  

m e c h a n i c a l l y   so  as  to  p r o m o t e   as  n e a r l y   u n i f o r m   a  c o v e r a g e   o f   t h e  

s e t - u p  a n d   p a t t e r n s   by  t h e   r e f r a c t o r y   s l u r r y   as  p o s s i b l e .  

4 )  A f t e r   d r a i n i n g   to  a - u n i f o r m   c o v e r a g e   and  w h i l e   t h e  

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

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

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

m i n o - s i l i c a t e   ( M o l o c h i t e  o r   M u l g r a i n ) ,   f u s e d   s i l i c a ,   z i r c o n i u m   s i l i  

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

u s u a l l y  n o t   c o a r s e r   t h a n   a  U .S .   50  mesh  and  o n  a   U .S .   120  s c r e e n .  



T h e  m a j o r   p o r t i o n   w i l l   be  t h r o u g h   a  U .S .   50  mesh  and  on  a  U . S .   1 2 0  

s c r e e n .  

5)  The  f i r s t   s l u r r y   c o a t   i s   now  a l l o w e d   to  d ry   u n d e r  

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

6)  A f t e r   d r y i n g   and  p r i o r   to   t h e   s e c o n d   d i p   c o a t   t h e  

s e t - u p   i s   i m m e r s e d   in   w a t e r   o r   in   a  p r e - w e t   s o l u t i o n   o f   15% 

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

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

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

7)  A f t e r   q u i c k l y   i m m e r s i n g   t h e   s e t - u p   in  t h e   p r e - w e t  

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

a l l o w e d  t o   d r a i n   o f f   f o r   a b o u t   30  to   60  s e c o n d s .   S t e p s   3,  4  and   5 

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

a s   f o r   t h e   f i r s t   c o a t .  

8)  The  r e m a i n i n g   s l u r r y   c o a t s   a r e   a p p l i e d   u s i n g   a  s o -  

c a l l e d   " b a c k - u p   s l u r r y " .   The  c o m p o s i t i o n   may  be  s i m i l a r   to   t h e  

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

t h e  r e f r a c t o r y   
f l o u r   in   t h e   s l u r r y   i s   u s u a l l y   a  l i t t l e   l a r g e r .  

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

s i 8 d e r a b l y   c o a r s e r   t h a n   t h a t   u s e d   f o r   t h e   p r i m e r   c o a t s .   A  t y p i c a l  

s i e v e   a n a l y s i s   f o r   a  s u i t a b l e   b a c k - u p   s t u c c o   i s   as  f o l l o w s :  

a b o u t  2 0 %   on  a  U .S .   20  s c r e e n ,   a b o u t   40%  on  a  U .S .   30  s c r e e n ,  

a b o u t   30%  on  a  U .S .   40  s c r e e n ,   a b o u t   10%  on  a  U .S .   50  s c r e e n ,   a n d  

n o t  t o   e x c e e d   a b o u t   2%  t h r o u g h   a  U .S .   50  s c r e e n .   A c t u a l   p a r t i c l e  

i z e  d i s t r i b u t i o n   may  v a r y   c o n s i d e r a b l y   and  s u i t a b l e   s t u c c o   m a t e r i -  

a r e   g e n e r a l l y   of   a  s i z e   t h r o u g h   a  U .S .   18  s c r e e n   and   o n  a   U . S .  

5 0  s c r e e n .  

9)  The  s t e p s   of   d i p p i n g ,   d r a i n i n g ,   s t u c c o i n g ,   and  d r y -  

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



U s u a l l y  a b o u t   f i v e   more  d i p s   a r e   a p p l i e d   f o r   a  t o t a l   of   s e v e n  

c o a t s ,   a l t h o u g h   more  or   f e w e r   c o a t s   may  be  u s e d   d e p e n d i n g   u p o n  

t h e  s i z e   a n d   c o n f i g u r a t i o n   of  t h e   p a r t s   to  be  c a s t   and  t h e   t o t a l  

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

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

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

a d d i t i o n a l   p r e - w e t   s t e p s   may  be  u s e d   in  s p e c i a l   c i r c u m s t a n c e s ,  

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

s h e l l  m o l d s .  

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

i n g  a n d   d r y i n g   s t e p s   t h e   f i n i s h e d   s h e l l   mo ld   i s   d r i e d   t h o r o u g h l y ,  

u s u a l l y   o v e r n i g h t .   T h i s   is   f o l l o w e d   by  t h e   u s u a l   s t e p s   of   d e w a x -  

i n g ,   f i r i n g ,   c a s t i n g ,   c o o l i n g ,   k n o c k - o u t ,   s a l t   b a t h ,   c u t - o f f ,  

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

k n o w n  i n   t h e   a r t .  

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

as  d e s c r i b e d   a b o v e   a r e   n o t   c o m p l e t e l y   s a t i s f a c t o r y   in  many  r e -  

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

a r e a s .  

F o r   e x a m p l e ,   t he   c e r a m i c   s h e l l   mold   b e c o m e s   v e r y   h a r d  

a f t e r  f i r i n g   and  c a s t i n g .   Thus  t h e   r e m o v a l   of   t h e   c e r a m i c   m o l d  

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

and  e x p e n s i v e .   A  p n e u m a t i c   hammer  i s   u s u a l l y   e m p l o y e d   to   r e -  

move  as  much  r e f r a c t o r y  s h e l l   m a t e r i a l   as  p o s s i b l e   f r o m   t h e   c a s t  

t r e e .   In  some  i n s t a n c e s   t h e   m e c h a n i c a l   v i b r a t i o n   i s   so  s e v e r e  

t h a t  t h e   m e t a l   c a s t i n g s   a re   c r a c k e d   or   o t h e r w i s e   d a m a g e d .  

A f t e r   t he   k n o c k - o u t   o p e r a t i o n  t h e r e   u s u a l l y   r e m a i n s  

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

b e   r e m o v e d .   T h i s   i s   p a r t i c u l a r l y  t r u e   f o r   s e t - u p s   of   r e l a t i v e l y  



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

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

In  a d d i t i o n ,   p a r t s   h a v i n g   h o l e s ,   s l o t s ,   and  i n t e r n a l  

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

c a n n o t  b e   r e m o v e d   by  m e c h a n i c a l   v i b r a t i o n .   U s u a l l y   a  m o l t e n  

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

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

a n d  e x p e n s i v e   o p e r a t i o n .   The  c a u s t i c   s o d a   s o o n   b e c o m e s   n e u t r a -  

l i z e d  o r   s p e n t   a n d   w i l l   no  l o n g e r   r e m o v e   t he   s h e l l   m a t e r i a l  

f r o m  t h e   c a s t i n g .   The  s a l t   b a t h   m u s t   be  c l e a n e d   and  r e j u v e n a t e d  

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

s a l t ,   so  t h a t   f r e s h _ s o d i u m   h y d r o x i d e   can   be  a d d e d .   T h i s   i s   a  

h o t ,   
d i r t y ,   and   h a z a r d o u s   o p e r a t i o n .   M o r e o v e r ,   t h e   s a f e   d i s p o s a l  

o f  t h e   s p e n t   c a u s t i c   s o d a   i s   now  an  i n c r e a s i n g l y   s e r i o u s   e n v i -  

r o n m e n t a l  p r o b l e m .  

A n o t h e r   a r e a  n e e d i n g   i m p r o v e m e n t   has   to   do  w i t h   t h e  

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

t o  p e r m i t   t h e   h o t   g a s e s   in   t h e   mo ld   to   e s c a p e   as  t h e   m o l t e n  

m e t a l  i s   c a s t   i n t o   t h e   m o l d .  

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

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

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

One  a t t e m p t  t o   s o l v e   some  of   t h e s e   d i f f i c u l t i e s   h a s  

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

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

a t  t h e   t h i r d   o r   t h i r d   and  f o u r t h   d i p   c o a t s .   I t   has   l o n g   b e e n  

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

a n  o r g a n i c   b i n d e r   s u c h   as  p o l y v i n y l   a l c o h o l .   See   U .S .   P a t .   N o .  

3 , 1 6 5 , 7 9 9   i s s u e d   J a n .   19,   1 9 6 5 ,   Column  5,  l i n e s   32  and  33,  a n d  

l i n e s  4 4   to   55.   See   a l s o   U . S .  P a t .   No.  3 , 9 0 3 , 9 5 0   i s s u e d   S e p t .  

9 .   1975 ,   and  U . S .   P a t .   No.  2 , 9 1 2 , 7 2 9 ,   i s s u e d   N o v e m b e r   17,  1 9 5 9 .  



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

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

p o w d e r  a f t e r   h e a t i n g   to  a  h i g h   e n o u g h   t e m p e r a t u r e   to  b u r n  o f f  

a n d  r e m o v e   t h e   o r g a n i c   b i n d e r .   t h i s   a p p r o a c h   does   i n d e e d   i m -  

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

i s  r e m o v e d   by  m e c h a n i c a l   v i b r a t i o n   a f t e r   c a s t i n g .   H o w e v e r ,   i t  

i s  n o t   e n t i r e l y   s a t i s f a c t o r y .   One  d i f f i c u l t y   i s   t h a t   t he   o n e  

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

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

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

s p a c e  o r   gap  in   t h e   m o l d .   Many  t i m e s   t h e   f o r c e   or   w e i g h t   o f  

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

t o  b u c k l e   i n t o   t h e   gap  o r   s p a c e   l e f t   by  t h e   i n t e r m e d i a t e   l a y e r .  

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

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

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

l a y e r s   and  t h e   b a c k - u p   p l a y e r s .  

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

c r a c k  d u r i n g   any  o f   t h e   p r o c e s s i n g   s t e p s .   The  f r e e   f l o w i n g   r e -  

p o w d e r   t e n d s   to  f l o w   o u t   of   t h e   i n t e r i o r   of  t h e   b u i l t  

u p  s h e l l   c o n s t r u c t i o n   and  may  be  d e p o s i t e d   w i t h i n   t he   mold  c a v i t y  

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

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

a s  b e e n   to   a t t e m p t   to   u se   e x p a n d e d   or   f o a m e d   p l a s t i c   ( p o l y -  

t y r e n e )   b e a d s   or  p a r t i c l e s   as  a  s t u c c o i n g   m a t e r i a l .   See  U . S .  

a t e n t   No.  3 , 3 6 2 , 4 6 3   i s s u e d   J a n u a r y  9 ,   1 9 6 8 .   T h i s   p r o c e s s   i s   n o t  

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

p l i c a t i o n s .   T h i s   i s   p r e s u m a b l y   b e c a u s e ,   as  my  e x p e r i m e n t s   h a v e  

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



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

s i e v i n g ,   t h e   foam  p a r t i c l e s   do  n o t   go  t h r o u g h   t h e   s c r e e n   e a s i l y ,  

a n d  t h o s e   w h i c h   do  g e n e r a l l y   w i l l   come  l i g h t l y   to   r e s t   on  t h e   s u r -  

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

t h e y  a r e   n o t   d e p o s i t e d   on  the   i n t e r n a l   c o r e d   s u r f a c e s .   I f   t h e   s e t - u  

is  p l u n g e d   i n t o   a  b e d  o f   foam  p a r t i c l e   s t u c c o ,   o t h e r   d i f f i c u l t i e s  

n n s u e .   The  p a r t i c l e s   a d h e r e   to  e a c h   o t h e r ,   b l o c k i n g   o p e n i n g s  

t o  c o r e d   p a s s a g e s   and   b l o c k i n g   p a r t i c l e   a c c e s s   t o   some  p o r t i o n s   o f  

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

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

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

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

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

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

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

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

In   t h e   p a s t ,   s t u c c o   m a t e r i a l s   s u c h   as  M o l o c h i t e ,   C a l a m o ,  

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

h e  p r o d u c t i o n   o f   c e r a m i c   s h e l l   m o l d s .   M o l o c h i t e ,   C a l a m o ,   F l i n t -  

r a i n  a n d   M u l g r a i n *   a r e   a l l   t r a d e   names   f o r   r e f r a c t o r y   m a t e r i a l s  

n d  s t u c c o e s   t h a t   can   be  d e s c r i b e d   c h e m i c a l l y   as  c a l c i n e d   a l u -  

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

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

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

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

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

L i n e  c u r v e   f r o m   room  t e m p e r a t u r e   to   2000°   F  and  an  i n c r e a s e   i n  

M o l o c h i t e   i s   p r e p a r e d   f rom  a  s o u r c e   o f   v e r y   p u r e   c l a y   m i n e d   i n  
E n g l a n d   and   i s   a v a i l a b l e   in  t h i s   c o u n t r y   f r o m   C a s t i n g   S u p p l y  
House   in  New  Y o r k .   Ca lamo  and  F l i n t g r a i n   a r e   a v a i l a b l e   f r o m  
H a r b i s o n   W a l k e r   R e f r a c t o r i e s ,   I n c .   and  M u l g r a i n   S t u c c o e s   a r e  
p r o d u c t s   o f   C .E .   M i n e r a l s   and  a r e   a v a i l a b l e   f r o m   P r e - V e s t ,   I n c .  
C l e v e l a n d ,   O h i o .  



l e n g t h   of  a b o u t   0 .4%.   Th i s   low  and  u n i f o r m   t h e r m a l   e x p a n s i o n   i s  

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

f  t h e   s h e l l   mold   d u r i n g   t he   f i r i n g   c y c l e   due   to   p o s s i b l e   d i f -  

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

Q u a r t z   o c c u r s   n a t u r a l l y   in  l a r g e   q u a n t i t i e s   in  t h e  

U n i t e d   S t a t e s .   A l s o ,   t h e r e   a r e   l a r g e   d e p o s i t s   o f   v e r y   p u r e ,  

i g h  g r a d e   q u a r t z .   And  i t   i s   v e r y   e c o n o m i c a l .  

H o w e v e r ,   i t   ha s   n o t   b e e n   u s e d   to  any   g r e a t   e x t e n t   i n  

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

h i g h   t h e r m a l   e x p a n s i o n .   An  a b r u p t   t h e r m a l   e x p a n s i o n   o c c u r s   a s  

q u a r t z  u n d e r g o e s   a  t r a n s f o r m a t i o n   f rom  low  q u a r t z   to   h i g h   q u a r t z  

a t  t h e   i n v e r s i o n   t e m p e r a t u r e   of  573°  C  ( 1 0 6 3 °   F ) .   T h i s   a b r u p t   i n -  

c r e a s e  i n   v o l u m e   a p p r o x i m a t e s   a b o u t   0 .9%.   The  t o t a l   v o l u m e t r i c  

x p a n s i o n   w h i c h   o c c u r s   b e t w e e n   600°  F  and  1 1 0 0 °   F  i s   a b o u t   3 . 2 % .  

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

t h r e e  t i m e s   t h e   l i n e a r   c o e f f i c i e n t .   T h e r e f o r e   t h e   t o t a l   l i n e a r   e x -  

p a n s i o n  o f  q u a r t z   w h i c h   o c c u r s   b e t w e e n   600°  F  and  1100°   F  can   b e  

f i g u r e d  a t   a b o u t   1 . 0 6 % .   T h i s   h i g h   c o e f f i c i e n t   o f   t h e r m a l   e x p a n -  

s i o n ,   and  p a r t i c u l a r l y   t h e   a b r u p t   i n c r e a s e   in   v o l u m e   as  t he   q u a r t z  

u n d e r g o e s   t r a n s f o r m a t i o n   f rom  low  q u a r t z   to  h i g h   q u a r t z ,   has   p r e -  

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

s h e l l  m o l d s   h e r e t o f o r e .  

In  a c c o r d a n c e  w i t h   t h e - a b o v e ,   i t   i s   an  o b j e c t   of  my  i n -  

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

i n  a   s h e l l   mold   w h i c h   m a y  b e   more  r e a d i l y   r e m o v e d   t h a n   h e r e t o f o r e .  

A n o t h e r   o b j e c t   of  my  i n v e n t i o n   i s   to   p r o v i d e   a  s t u c c o  

w h i c h  i f   d e s i r e d   may  be  u s e d   to  p r o d u c e  s h e l l   m o l d s   w i t h   b o t h   h i g h  

p e r m e a b i l i t y   and  good  s t r e n g t h .  



A  f u r t h e r   o b j e c t   of   my  i n v e n t i o n   i s   to   p r o v i d e  a   s t u c c o  

w h i c h  i s   as  e a s y   to   use   as  s t u c c o e s   p r e v i o u s l y   known  b u t   h a s   t h e  

d e s i r a b l e   q u a l i t i e s   a b o v e   l i s t e d .  

Ye t   a n o t h e r   o b j e c t   of   my  i n v e n t i o n   i s   to   p r o v i d e   a  

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

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

s u c h  f a v o r a b l e   p r o p e r t i e s .  

S u m m a r y  o f   t h e   I n v e n t i o n  

The  c o n c e p t   o f   t h i s   i n v e n t i o n   i n v o l v e s   t h e   u se   o f   c o m -  

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

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

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

c o a t s   i f   d e s i r e d   and  a l s o  f o r   some  o f   t h e   b a c k - u p   c o a t s .   The  i n -  

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

s t u c c o  f o r   i n t e r m e d i a t e   c o a t s .  

S t u c c o e s   in  g e n e r a l   u s e   by  t h e   i n v e s t m e n t   c a s t i n g   i n -  

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

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

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

h a r d n e s s  b y   t h e   f i r i n g   c y c l e .   In  c o n t r a s t ,   my  i n v e n t i o n   i s   a n  

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

s t u c c o  i s   made  u s i n g   a  r e f r a c t o r y   p o w d e r   (200  to   3 2 5  m e s h   p a r t i c l e  

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

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

b i n d e r s  s u c h   as  p o l y v i n y l   a l c o h o l ,   v a r i o u s   gums,   o r   s t a r c h e s  

a y  a l s o   be  u s e d ,   b u t   p o l y v i n y l   a c e t a t e   i s   a  p r e f e r r e d   o r g a n i c  

b i n d e r .   A  b l e n d   o f   r e f r a c t o r y   p a r t i c l e s   i n c l u d i n g   some  as  c o a r s e  

a s  1 0 0   mesh  may  a l s o  b e  u s e d .   S u i t a b l e   r e f r a c t o r y   p o w d e r s   i n c l u d e  



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

s i l i c a   and  c a l c i n e d   a l u m i n o - s i l i c a t e .   The  r e f r a c t o r y   powder   may 

be  a n y  c n e   of  t he   a b o v e ,   or  a  m i x t u r e   of  two  or  more .   These   m a -  

t e r i a l s   a r e   t h o r o u g h l y   m u l l e d   so  t h a t   a l l   s u r f a c e s   of  the   r e f r a c -  

t o r y   p o w d e r   a r e   c o m p l e t e l y   w e t t e d   by  the   b i n d e r   to  p r o v i d e   a  

s t r o n g   bond  b e t w e e n   the   p a r t i c l e s   on  d r y i n g .  

The  m u l l e d   m a t e r i a l   is   p e l l i t i z e d   in  e q u i p m e n t   such  a s  

t h a t   m a n u f a c t u r e d   by  the   C a l i f o r n i a   P e l l e t   M i l l   C o . ,   C r a w f o r d s -  

v i l l e ,   I n d i a n a .   The  p e l l e t s   a re   t h e n   d r i e d ,   c r u m b l e d   and  s c r e e n e d  

to   p r o v i d e   an  a r t i f i c i a l   s t u c c o   of  the   d e s i r e d   g r a i n   s i z e   d i s t r i -  

b u t i o n .  

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

c u s t o m a r i l y   u s e d   s t u c c o   f o r   one  or  more  of  t h e   i n t e r m e d i a t e  

s l u r r y   d i p s .  

The  o r g a n i c   b i n d e r   i s   b u r n e d   o f f   d u r i n g   the   f i r i n g  

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

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

The  f i r e d   p a r t i c l e   has   v e r y   l i t t l e   s t r e n g t h   and  is   e a s i l y   c r u s h e d  

a l t h o u g h   t h e r e   may  be  s u f f i c i e n t   s t r e n g t h   f o r   t h e   p a r t i c l e s   t o  

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

The  c r o s s   s e c t i o n   of  t h i s   i m p r o v e d   s h e l l  m o l d   b e f o r e  

f i r i n g   can  be  d e s c r i b e d   as  a  honeycomb  s t r u c t u r e   c o m p r i s i n g   a r t i -  

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

a  t h i n   l a y e r   or  web  of  h a r d e n e d   r e f r a c t o r y   s l u r r y   c o n t a i n i n g   a  

h i g h   t e m p e r a t u r e   b i n d e r .  

A f t e r   f i r i n g ,   the   v e r y   low  s t r e n g t h   of  the   a r t i f i c i a l  

s t u c c o   p a r t i c l e s   is   such   t h a t   s h e l l   r e m o v a l   a f t e r   c a s t i n g   i s  

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

d u c e s   t he   d a n g e r   of  d a m a g i n g   or  c r a c k i n g   t h e   m e t a l   c a s t i n g ,   b e -  

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

r e d u c e d .   A l so   the   amoun t   of  s h e l l   m a t e r i a l   r e m o v e d   by  the  k n o c k -  



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

vo lume   of   c e r a m i c   m a t e r i a l   t h a t   m u s t   be  r e m o v e d   b y  t h e   s a l t   b a t h .  

In  some  i n s t a n c e s   i t   may  be  d e s i r a b l e   to   u s e   t h e  a r t i -  

f i c i a l   s t u c c o   on  a l l   b u t   t h e   l a s t   s l u r r y   d i p .   In  t h i s   i n s t a n c e , t h e  

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

f i n e r  -  i n   t h e   r a n g e   of  t h r o u g h   a  5 0   mesh  to  on  a  120  m e s h ,   U . S .  

s c r e e n .   T h i s   w o u l d   p r o v i d e   a  s h e l l   mold  w i t h   a  m a j o r   p o r t i o n   c o n -  

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

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

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

f  t h i s   i n v e n t i o n   i s   t h a t   an  a r t i f i c a l   s t u c c o   made   u s i n g   s i l i c a  

f l o u r ,   b o n d e d   w i t h   an  o r g a n i c   b i n d e r   such   as  v i n y l   a c e t a t e   a n d  

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

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

o l l o w s :  

1)  The  t h e r m a l   e x p a n s i o n   of  p o w d e r e d   s i l i c a   in   t h e   r a n g e  

f r o m  r o o m   t e m p e r a t u r e   to   300°  F,  d u r i n g   w h i c h   t h e   a r t i f i c i a l   s t u c c o  

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

2)  Above   300°  F  t h e   o r g a n i c   b i n d e r   s t a r t s   to   d e c o m p o s e .  

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

p a n s i o n   i s   a l l o w e d   to   t a k e   p l a c e   w i t h o u t   any  s i g n i f i c a n t   i n c r e a s e  

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

3)  As  f u r t h e r  h e a t i n g   t a k e s   p l a c e   t h e   o r g a n i c   b i n d e r   i s  

c o m p l e t e l y  r e m o v e d   by  o x i d a t i o n   and  the   v o i d s   l e f t   a r e   more  t h a n  

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

p o w d e r .  

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

m a t e r i a l   i s   a v a i l a b l e   f o r   u s e   by  t h e   i n d u s t r y .   And  i t   i s   m a d e  

f r o m  r a w   m a t e r i a l s   t h a t   a r e   1)  a b u n d a n t ,   2)  o f . h i g h   p u r i t y ,   a n d  

)  r e a d i l y   a v a i l a b l e   in  t h e   U n i t e d   S t a t e s .   ! 



B e c a u s e   of  t he   n e g l i g i b l e   t h e r m a l   e x p a n s i o n   when  t h e  

s t u c c o  i s   made  w i t h   s i l i c a   f l o u r ,   i t   can  be  u s e d   s a t i s f a c t o r i l y  

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

o n l y  u s e d   as  t h e   f i l l e r   in  t he   s l u r r i e s   c o n t a i n i n g   t he   h i g h  

t e m p e r a t u r e   b i n d e r s .   Of  c o u r s e ,   o t h e r   r e f r a c t o r y   p o w d e r s   t h a n  

s i l i c a   f l o u r   may  be  u s e d ,   b u t   t h e   e c o n o m y   and  c o n v e n i e n c e   of  t h e  

s i l i c a  f l o u r   makes   i t   a  p r e f e r r e d   c o n s t i t u e n t .  

D e t a i l e d  D e s c r i p t i o n   of  t h e   I n v e n t i o n  

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

p r o d u c e  a b o u t   50  p o u n d s   o f   a r t i f i c i a l   s t u c c o   m a t e r i a l   h a v i n g   a  

s u i t a b l e   g r a i n   s i z e   d i s t r i b u t i o n .  

T h i s   w o r k  w a s   done   in  t h e   R e s e a r c h   f a c i l i t i e s   of   t h e  

C a l i f o r n i a   P e l l e t   M i l l   C o . ,   C r a w f o r d s v i l l e ,   I n d i a n a .  

The  f o l l o w i n g   m a t e r i a l s   we re   a d d e d   to  a  H o b a r t   M i x e r  

S i z e  A - 2 0 0 - 2 0   and  mixed   t h o r o u g h l y   f o r   a b o u t   10  m i n u t e s :  

5 , 0 0 0   g rams  200  Mesh  S i l i c a   F l o u r  
500  ml.   P o l y c o  1 1 7   S S * *  
500  ml.   W a t e r  

T h i s   m i x t u r e   p r o d u c e d   a  damp  p o w d e r ,   w h i c h   when  s q u e e z e d  

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

T h i s   was  fed   i n t o   t h e   h o p p e r   o f   a CPM  Model   C L - T y p e   3 

Hp  P e l l e t   M i l l .   The  d i e   had  3 / 1 6 "   h o l e   s i z e s   w i t h   a  1"  l a n d .  

The  
m i x t u r e   p e l l e t i z e d   v e r y   s a t i s f a c t o r i l y .   A f t e r   r u n n i n g   f o r  

b o u t  1 5   m i n u t e s   t he   d i e   became   warm  due  to  f r i c t i o n   and  t h e   p e l l e t  

e i n g   c o l l e c t e d   d e v e l o p e d  a   t e m p e r a t u r e   o f  a b o u t   120°  F.  M o i s t u r e  

o u l d  b e   s e e n   v a p o r i z i n g   a b o v e   t h e   c o l l e c t i o n   pan .   The  p e l l e t s  

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

p e l l e t s  w e r e   much  too  s o f t   to  be  p r o c e s s e d   t h r o u g h   t h e   c r u m b l e r .  

* * N o t e :   P o l y c o   117  SS  is   a  v i n y l   a c e t a t e   h o m o p o l y m e r   e m u l s i o n  
made  by  t he   B o r d e n   C h e m i c a l   C o .  



A b o u t   two  d o z e n   p e l l e t s   w e r e   p l a c e d   in  an  i n f r a - r e d   oven   a n d  

d r i e d   f o r   a b o u t   10  m i n u t e s .   A f t e r   c o o l i n g   down  t h e s e   we re   t e s t e d  

f o r   h a r d n e s s   by  s n a p p i n g   w i t h   t h e   f i n g e r s   and   a l s o   by  t he   f i n g e r -  

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

p r o d u c e  a   s u i t a b l e   h a r d n e s s   p r o v i d e d   t h a t   t h e  p e l l e t s   were   d r i e d  

s u f f i c i e n t l y .   The  b a l a n c e   of   t h i s   t e s t   b a t c h   was  p l a c e d   in   a  l a r g e  

m e t a l  p a n   and   g e n t l y   h e a t e d   o v e r   a  p r o p a n e   f l a m e   f o r   a b o u t   30 

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

e a t i n g  a n d   to   p r e v e n t   b u r n i n g .   T h i s   m a t e r i a l   was  t h e n   c o o l e d  

a n d  p r o c e s s e d   t h r o u g h   a  Model   6 2 4 - S   C a l i f o r n i a   P e l l e t   M i l l  

C r u m b l e r .   The  p r o d u c t   was  t h e n .  p u t   t h r o u g h   a  s e r i e s   of   s c r e e n s  

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

t h r o u g h  a   U . S .   18  mesh  s c r e e n   and  on  a  U .S .   50  mesh  s c r e e n .   T h i s  

m a t e r i a l  w a s   d e e m e d   to   be  s a t i s f a c t o r y   f o r   c a r r y i n g   o u t   a c t u a l  

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

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

F o l l o w i n g   a r e   s p e c i f i c   e x a m p l e s   o f   t e s t s   run   to   d e m o n -  

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

a t i o n .   The  a r t i f i c i a l   s t u c c o   p r e p a r e d   a s  d e s c r i b e d   a b o v e   w a s  

u s e d  f o r   b u i l d i n g   t he   s h e l l   mold   in  t e s t   n u m b e r s   1  and  2.  In  t e s t  

No.  1  t h e   a r t i f i c i a l   s t u c c o   was  u s e d   to   s t u c c o   s l u r r y   d i p   n u m b e r  

and   4.  I n  T e s t   N o .  2   t h e   a r t i f i c i a l   s t u c c o   was  u s e d   f o r   s l u r r y  

i p  n u m b e r s   3,  4 ,  5   a n d  6 .   T e s t  N o .   3  was  a  c o n t r o l   t e s t   f o r   c o m -  

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

b i n d e r s   in   common  use   f o r  a t   l e a s t   t h e   l a s t   10  y e a r s   were   u s e d   f o r  

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

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

c o n d u c t e d .  



h a v i n g  T h r e e   i d e n t i c a l   wax  s e t - u p s   were   p r e p a r e d   e a c h  h a v i n g  

1 1  w a x   p a t t e r n s .   The  wax  c e n t r e   t r e e   was  2  i n c h e s   in  d i a m e t e r  

b y  1 5   i n c h e s   l o n g .   A  m e t a l   hook   f o r   h a n d l i n g   p u r p o s e s   was  e m -  

b e d d e d  i n   t h e   p o u r i n g   cup .   T h r e e   wax  p a t t e r n s   i d e n t i f i e d   as  g u n  

r e c e i v e r   p a r t s   w e r e   wax  w e l d e d   to   t h e   c e n t r e   t r e e   a t   t h e   end  o p -  

p o s i t e  t h e   p o u r i n g   cup .   E i g h t   wax  p a t t e r n s   i d e n t i f i e d   as  c a r r i e r  

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

F o r m u l a  f o r   p r i m e r   c o a t  

18  l b s .   S i l i c a   Sol   ( N y a c o l   1 4 3 0 )  
7  l b s .   W a t e r  

40  m l s .   DCH-10  ( A n t i - F o a m )  
80  m l s .   V i c t a w e t   12  ( W e t t i n g   A g e n t )  
55  l b s .   R a n c o - S i l   #4  P o w d e r  
28  l b s .   Z i r c o n   F l o u r  

The  a b o v e   m a t e r i a l s   w e r e   m i x e d   in  a  s u i t a b l e   c o n t a i n e r  

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

p u r p o s e s .   They  w e r e   m i x e d   w i t h   a  L i g h t n i n   Type  m i x e r   f o r   a b o u t  

t w o  h o u r s   o r   u n t i l   t h e   e n t r a i n e d   a i r   was  e l i m i n a t e d .   The  v i s c o s i t y  

a s   a d j u s t e d   by  a d d i n g   e i t h e r   l i q u i d   o r   r e f r a c t o r y   p o w d e r   to   g i v e  

a  3 6   s e c o n d   r e a d i n g   u s i n g   a  N o .  5   Zahn  C u p .  

N o t e :   N y a c o l   1430 ;   DCH-10;  V i c t a w e t   12  and  R a n c o - S i l   #4  a r e   a l l  
t r a d e   names   of   m a t e r i a l s   a v a i l a b l e   f rom  t h e   Ransom  a n d  
R a n d o l p h   C o . ,   T o l e d o ,   O h i o .  

F o r m u l a   f o r   B a c k - U p   C o a t  

18  l b s .   S i l i c a   Sol   ( N y a c o l   1 4 3 0 )  
18  l b s .   W a t e r  
55  l b s .   R a n c o - S i l   #2 

The  a b o v e   m a t e r i a l s   w e r e   m i x e d   in  a  s u i t a b l e   c o n t a i n e r   a n d  

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

p u r p o s e s .   They  we re   m i x e d   w i t h   a  L i g h t n i n   Type  m i x e r   u n t i l   t h e  

e n t r a i n e d  a i r   was  e l i m i n a t e d .   The  v i s c o s i t y   was  a d j u s t e d   by  a d d i n g  

e i t h e r  l i q u i d   or   r e f r a c t o r y   p o w d e r   to   g i v e   a  14  s e c o n d   r e a d i n g   
u s i n g  



a   #4  Zahn  c u p .  

N o t e :   R a n c o - S i l   #2  i s   t h e   t r a d e   name  of   a  f u s e d   s i l i c a   p o w d e r  
a v a i l a b l e   f rom  t h e   Ransom  and  R a n d o l p h   C o . ,   T o l e d o ,   O h i o .  

F o r m u l a   f o r   P r e - W e t   S o l u t i o n  

20  l b s .   S i l i c a   So l   ( N y a c o l   1 4 3 0 )  
20  l b s .   W a t e r  
40  m l s .   V i c t a w e t   12  ( W e t t i n g   A g e n t )  

The  a b o v e   m a t e r i a l s   w e r e   m i x e d   i n   a  s u i t a b l e   c o n t a i n e r  

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

p u r p o s e s .  

A l l   t h r e e   t e s t   s h e l l s   w e r e   t h o r o u g h l y   w a s h e d   to  r e m o v e  

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

a  c o n t a i n e r   of   U l t r a w a s h   S o l u t i o n   a v a i l a b l e   f r o m   M a r k e t e e r s ,   I n c . ,  

C l e v e l a n d ,   O h i o .   The  s e t - u p s  w e r e   t h o r o u g h l y   d r i e d   f o r   one  h o u r  

u s i n g  f o r c e d   a i r .  

The  s h e l l   mold   f o r   e a c h   t e s t   s e t - u p   was  p r e p a r e d   b y  

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

i n g  s c h e d u l e d .  

N o t e :   R a n c o - S i l   "B"  i s   a  f u s e d   s i l i c a  s t u c c o   m a t e r i a l   a v a i l a b l e  
f r o m   the   Ransom  and  R a n d o l p h   C o . ,   T o l e d o ,   O h i o .  



The  p r o c e d u r e s   u s e d   f o r   d e - w a x i n g ,   f i r i n g ,   and  c a s t i n g  

w e r e  t h e   s a m e . . f o r   a l l   t h r e e   t e s t   s h e l l s   and   w e r e   as  f o l l o w s :  

De-wax   in  an  i n f r a - r e d   d e w a x i n g  o v e n   f o r   10  m i n u t e s   a t  

3 :45   p .m.   on  May  10,  1 9 8 2 .   Load  i n t o   b u r n - o u t   o v e n   a t   8 :00   p . m .  

o n  M a y   10,  1982  and  b u r n - o u t   o v e r n i g h t   a t   1 8 0 0 °   F.  , 

C a s t   by  g r a v i t y   p o u r   a t   7 :45   a .m .   May  11,   1 9 8 2 .  

M e t a l  4 1 4 0 .   P o u r i n g   t e m p e r a t u r e   2950°   F .  

A l l   t h r e e   t e s t   s h e l l s   were   a l l o w e d   to   c o o l   down  to  r o o m  

t e m p e r a t u r e  b e f o r e   t h e   k n o c k - o u t   o p e r a t i o n .  

R e s u l t s   of   K n o c k - O u t   T e s t s :  

T e s t   N o .  1  -   K n o c k e d   o u t   u s i n g   a  p n e m a t i c   hammer  f o r   2 5  

s e c o n d s .   
P r a c t i c a l l y   a l l   o f   t he   s h e l l   m a t e r i a l   was  r e m o v e d   f r o m  



a l l  e x t e r n a l   s u r f a c e s   i n c l u d i n g   t h e   c e n t e r   t r e e .   The  a r t i f i c i a l  

s t u c c o  a p p l i e d   to  s l u r r y   c o a t s   3  and  4  had  d e t e r i o r a t e d   in  s t r e n g t h  

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

b o t h  i n t e r i o r   and   e x t e r i o r   s u r f a c e s   w e r e   r e m o v e d   by  t h e   m e c h a n i c a l  

v i b r a t i o n .   T h e r e   was  some  s h e l l   m a t e r i a l   c o n s i s t i n g   o f   t h e   f i r s t  

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

a r e  c o n s i d e r e d   to   be  e x c e l l e n t .   I t   i s   e s t i m a t e d   t h a t   90  to   95% 

f  t h e   s h e l l   m a t e r i a l   was  r e m o v e d .   F u r t h e r   v i b r a t i o n   d i d   n o t  

r e m o v e  a n y   a d d i t i o n a l   s h e l l   m a t e r i a l .  

T e s t   N o .  2  -   The  r e s u l t s   f o r   t e s t   N o .  2   a r e   e x a c t l y   t h e  

s a m e  a s   f o r   T e s t   N o .  1 .   No  i m p r o v e m e n t   in   k n o c k - o u t   c o u l d   b e  

s e e n  w h e n   u s i n g   t h e   a r t i f i c i a l   s t u c c o   f o r   b a c k - u p   c o a t s   3,  4,  5 

a n d  6   c o m p a r e d   to   T e s t   N o .  1   w h e r e   t h e   a r t i f i c i a l   s t u c c o   was  u s e d  

f o r  o n l y   c o a t   n u m b e r s   3  and  4 .  

T e s t   N o .  3  -   K n o c k e d - o u t   u s i n g   a  p n e u m a t i c   hammer   f o r  

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

m a t e r i a l   r e m o v e d   c o m p a r i n g   t e s t   n u m b e r s   1  and  2  w i t h   t h e   c o n t r o l  

T e s t  N o .   3.  I t   i s   e s t i m a t e d   t h a t   90  to   95%  of   t h e   s h e l l   m a t e r i a l  

a s  r e m o v e d   f o r   t e s t s   1  and  2  w h i l e   o n l y   50  to   60%  was  r e m o v e d  

o r  T e s t   N o .  3 .   Very   l i t t l e   s h e l l   m a t e r i a l   was  r e m o v e d   a r o u n d  

h e   c e n t e r   t r e e   as  w e l l   as  on  t h e   i n t e r n a l   s u r f a c e s .   A d d i t i o n a l  

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

m a t e r i a l .  

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

and  4  to   i m p r o v e   s h e l l   r e m o v a l   a t   k n o c k - o u t   a t   h a s   b e e n   c l e a r l y  

d e m o n s t r a t e d .   M o r e o v e r ,   i t   i s   a p p a r e n t   t h a t   a  s h e l l   m o l d ,   p r e -  

p a r e d  u s i n g   s t u c c o   m a t e r i a l   t h a t   d i s i n t e g r a t e s   due  to   t h e   e l i m i n a -  

i o n  b y   o x i d a t i o n   o f   an  o r g a n i c   b i n d e r   to   p r o d u c e   an  e a s i l y  



f r i a b l e   s t r u c t u r e ,   w i l l   be  much  more   p e r m e a b l e   t h a n   a  s h e l l   p r o -  

d u c e d   u s i n g   s o l i d   g r a i n   s t u c c o   t h a t   is   u n a f f e c t e d   by  f i r i n g   a n d  

p r e s e n t s   a  s o l i d   i m p e r m e a b l e   b l o c k   to  e s c a p i n g   g a s e s .  

T h e r m a l   e x p a n s i o n   t e s t s   w e r e   run  on  c e r a m i c   s h e l l  

s l u r r i e s   and   s t u c c o e s   to  show  t h e   a c t u a l   e x p a n s i o n   o f   s h e l l   c o m -  

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

p r e p a r e d   u s i n g   200  mesh  s i l i c a   f l o u r   c o m p a r e d   w i t h   q u a r t z   s i l i c a  

s t u c c o   h a v i n g   a  p a r t i c l e   s i z e   d i s t r i b u t i o n   p r e d o m i n a n t l y  -   20 

mesh  to   +  70  m e s h .  

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

e x p a n s i o n   t e s t   s p e c i m e n s   w e r e   p r e p a r e d   as  f o l l o w s :  

F o r m u l a   f o r   P r i m e   C o a t  

18  l b s .   S i l i c a   Sol   ( N y a c o l   1 4 3 0 )  
7  l b s .   W a t e r  

40  m l s .   DCH-10  ( A n t i - F o a m )  
80  m l s .   V i c t a w e t   12  ( W e t t i n g   A g e n t )  
55  l b s .   R a n c o - S i l   #4  P o w d e r   ( F u s e d   S i l i c a )  
28  l b v s .   Z i r c o n   F l o u r  

F o r m u l a   f o r   B a c k - U p   C o a t  

18  l b s .   S i l i c a   Sol   ( N y a c o l   1 4 3 0 )  
18  I b s .   W a t e r  
55  l b s .   R a n c o - S i l   #2  ( F u s e d   S i l i c a )  

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

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

ond  c o n t a i n e r .   The  m a t e r i a l s   i n   e a c h   c o n t a i n e r   w e r e   m i x e d   t h o r o u g h -  

l y   u s i n g   a  L i g h t n i n   Type  M i x e r .   M i x i n g   was  c o n t i n u e d   f o r   a b o u t  

2  h o u r s   u n t i l   t h e   e n t r a i n e d   a i r   was  e l i m i n a t e d .  

The  v i s c o s i t y   was  a d j u s t e d   to  t h e   f o l l o w i n g   r e a d i n g s :  

P r i m e   C o a t  -   N o .  5   Zahn  Cup  36  s e c o n d s  
B a c k - U p   C o a t  -   N o .  4   Zahn  Cup  14  s e c o n d s  



N o t e :   N y a c o l   1 4 3 0 ,   DCH-10,  V i c t a w e t   12,  R a n c o - S i l   #4,  R a n c o -  
S i l   #2,  and  Z i r c o n   F l o u r   a r e   a l l   a v a i l a b l e   f rom  t h e  
Ransom  and  R a n d o l p h   C o m p a n y ,   T o l e d o ,   O h i o .  

The  t h e r m a l   e x p a n s i o n   t e s t   s p e c i m e n   f o r   T e s t   N o .  1   w a s  

p r e p a r e d   u s i n g   #7  q u a r t z   s i l i c a   a v a i l a b l e   f r o m   P r e - V e s t ,   C l e v e l a n d  

Ohio  as  t h e   s t u c c o   m a t e r i a l   and  h a v i n g   t h e   f o l l o w i n g   s i e v e   a n a l y -  

s i s :  

The  t h e r m a l   e x p a n s i o n   t e s t   s p e c i m e n   f o r   T e s t   N o .  2   w a s  

p r e p a r e d   u s i n g   t h e   a r t i f i c i a l   s t u c c o   o f   t h i s   i n v e n t i o n   u s i n g   2 0 0  

mesh  s i l i c a   f l o u r   b o n d e d   w i t h   P o l y c o   117  SS  as  d e s c r i b e d   a b o v e .  

The  p a r t i c l e   s i z e   was  t h r o u g h   a  U .S .   18  mesh  s c r e e n   and  on  a  U . S .  

5 0   mesh  s c r e e n .  

Two  w i r e   r o d s   a b o u t   3 /32   i n c h e s  i n   d i a m e t e r   by  8  i n c h e s  

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

t h i n   f i l m   of   w a x .  

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

s e q u e n c e   p r e p a r i n g   t h e r m a l   e x p a n s i o n   t e s t   s p e c i m e n s   No.  1  a n d  

N o .  2 .  



The  t e s t   s p e c i m e n s   were   a l l o w e d   to  d ry   o v e r n i g h t .   T h e  

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

r e p e a t e d   d i p p i n g ,   d r a i n i n g ,   s t u c c o i n g   and  d r y i n g   of   t h e   wax  c o a t e d  

m e t a l   r o d s   were   p l a c e d   in  an  oven  a t   150°   F  f o r   15  m i n u t e s .   T h e  

m e l t e d   wax  p e r m i t t e d   e a s y   r e m o v a l   of   t he   m e t a l   r o d .   In  t h i s  

m a n n e r   two  c e r a m i c   s h e l l   t e s t   s p e c i m e n s   a b o u t   3  i n c h e s   l o n g   b y  

1 /2   i n c h   in  d i a m e t e r   w e r e   p r e p a r e d   f o r   r u n n i n g   t h e r m a l   e x p a n s i o n  

t e s t s .  

The  s p e c i m e n s   we re   p l a c e d   in   a  r e c o r d i n g   d i l i a t o m e t e r  

and  t h e   t e m p e r a t u r e   i n c r e a s e d   f rom  room  t e m p e r a t u r e   to   1 8 0 0 °   F  

o v e r   a  p e r i o d   of   90  m i n u t e s .  

The  f o l l o w i n g   c u r v e s   show  t h e   r e s u l t s   of   t h e s e   t e s t s .  

As  s e e n   in   FIGURE  1,  t he   maximum  l i n e a r  e x p a n s i o n   f o r  

T e s t   No.  1  a t   1 8 0 0 °   F  was  1.60%  whe re   t h e  q u a r t z   g r a n u l e s   w e r e  

u s e d   as  s t u c c o .  

FIGURE  2  d e m o n s t r a t e s   t h a t   t he   maximum  l i n e a r   t h e r m a l  

e x p a n s i o n   f o r   T e s t   N o .  2   a t   1800°   F  was  0 .60%,   w h e r e   t h e   a r t i f i -  

c i a l   s t u c c o   of  t h i s   i n v e n t i o n   was  u s e d .  

T h i s   a r t i f i c i a l   s t u c c o   was  t h e   same  as  d e s c r i b e d   a b o v e  

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

Many  s h e l l   s y s t e m s   in   c o m m e r c i a l   use   t o d a y   h a v e   l i n e a r   t h e r m a l  

e x p a n s i o n s   of   a b o u t   0 . 4 0 % .  A   t h e r m a l   e x p a n s i o n   o f   0.60%  i s   s t i l l  

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



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

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

f r a c t o r y   
p o w d e r s .   For  e x a m p l e ,   an  a r t i f i c i a l   s t u c c o   u s e d   t o  

p r o d u c e  a   t h e r m a l   e x p a n s i o n   of   l e s s   t h a n   0.60%  can   be  made  b y  

u s i n g   a  b l e n d   o f   r e f r a c t o r y   p o w d e r s   c o m p r i s i n g   50%  200  m e s h  

s i l i c a   f l o u r   and  50%  f u s e d   s i l i c a   f l o u r .   Thus  i t   can   be  s e e n  

t h a t  b y   c h o o s i n g  a n   a p p r o p r i a t e   m i x t u r e   of   p o w d e r s ,   my  s t u c c o  

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

d i f f e r i n g   s i t u a t i o n s .   In   t h e o r y ,   some  m i n i m u m   v o l u m e   o f  

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

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

f i r i n g .   H o w e v e r ,   my  e x p e r i m e n t s   w i t h   s i l i c a   as  t h e   r e f r a c t o r y  

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

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

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

p r o p e r t i e s .  

The  s t u c c o   of   my  i n v e n t i o n   may  be  m a n u f a c t u r e d   in   o t h e r  

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

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

m a y  b e   m i x e d   to   a  p a s t e   and  e x t r u d e d ,   t h e n   p e r m i t t e d   to   d r y .   T h e  

d r i e d  e x t r u s i o n s   a r e   t h e n   c r u m b l e d   and  s i e v e d   as  b e f o r e .   T h i s  

p r o c e s s  r e q u i r e s   more  s o l v e n t   t h a n   p e l l e t i z i n g ,   w h i c h   can   be  a n  

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

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

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

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

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

r e m o v a b i l i t y   o f   t h e   s h e l l .   O t h e r   f a c t o r s   w h i c h   can  be  v a r i e d   a r e  

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

h e  s t u c c o   s i z e .  



In  o r d e r   to  make  a  s a t i s f a c t o r y   s t u c c o ,   as  was  n o t e d  

a b o v e ,  m a n y   d i f f e r e n t   o r g a n i c   b i n d e r s   may  be  e m p l o y e d .   For  e x -  

a m p l e ,   a  s o l u t i o n   of  a b o u t   5%  by  w e i g h t   of  c o r n s t a r c h   in  w a t e r   i s  

e f f e c t i v e  a s   w i l l   be  s e e n   b e l o w   and  so  a r e   many  g e l a t i n   and  m u c i l a g  

s o l u t i o n s .   G e n e r a l l y   s p e a k i n g ,   i t   is   n e c e s s a r y   t h a t   the   b i n d e r  

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

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

t h e  p e l l e t s   may  be  c r u m b l e d   i n t o   s t u c c o - s i z e d   p a r t i c l e s   w i t h o u t  

d i s i n t e g r a t i n g   f u r t h e r .   In  a d d i t i o n   t h e   b i n d e r   m u s t   be  s u f f i -  

b u r n e d   or   d e s t r o y e d   by  1600°   F  t e m p e r a t u r e s   to  no  l o n g e r  

i n d   t h e   r e f r a c t o r y   p o w d e r .   The  s o l v e n t   f o r   t h e   b i n d e r   can  be  a n y  

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

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

d r y i n g  p r o c e s s .   I t   i s   u s e d   in   w h a t e v e r   p r o p o r t i o n   i s   s u f f i c i e n t  

f o r  p e l l e t i z i n g .  

F o l l o w i n g   i s   an  e x a m p l e   of   a  f o r m u l a   f o r   m a k i n g   a r t i f i -  

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

p r g a n i c  b i n d e r   and  200  mesh  s i l i c a   f l o u r   as  t h e   r e f r a c t o r y   p o w d e r .  

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

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

o n s t a n t  s t i r r i n g .   H e a t i n g   and  s t i r r i n g   was  c o n t i n u e d   u n t i l   a l l  

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

t o  c o o l   to   room  t e m p e r a t u r e .  

1650  ml.  5%  (by  w t . )   s o l n .   of   c o r n   s t a r c h   in  w a t e r  
5000  g.  200  mesh  s i l i c a   f l o u r   ( v a r i a t i o n s   in  p a r t i c l e  

s i z e   d i s t r i b u t i o n   may  r e q u i r e   somewha t   more  o r  
l e s s   a d d i t i o n s   of   s i l i c a   f l o u r   to  p r o d u c e   t h e  
d e s i r e d   c o n s i s t e n c y   f o r   p e l l e t i z i n g )  

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

h e   m a t e r i a l   p r o d u c e d   a c c o r d i n g   t o   t h e   f o r m u l a   on  page   11,  b u t   i t  

i s  s t i l l   c o n s i d e r e d   to  be  s u i t a b l e   f o r   u se   a s ' a n   a r t i f i c i a l   s t u c c o .  



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

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

1 1 7 S S .  

1200  ml.   5%  (by  w t . )   s o l n .   of   c o r n   s t a r c h   in  w a t e r  
600  ml.  P o l y c o   1 1 7 S S  

5000  g.  200  mesh  s i l i c a   f l o u r   ( v a r i a t i o n s   in  p a r t i c l e  
s i z e   d i s t r i b u t i o n  m a y   r e q u i r e   s o m e w h a t   m o r e  
or   l e s s   a d d i t i o n s   o f   s i l i c a   f l o u r   to   p r o d u c e   t h e  
d e s i r e d   c o n s i s t e n c y   f o r   p e l l e t i z i n g )  

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

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

s a t i s f a c t o r y  i n   e v e r y   r e s p e c t   to   be  u s e d   as  an  a r t i f i c i a l   s t u c c o .  

A l t h o u g h   t h i s   i n v e n t i o n   has   b e e n   d e s c r i b e d   in   i t s   p r e -  

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

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

m a d e  o n l y   by  way  of   e x a m p l e   and  t h a t   n u m e r o u s   c h a n g e s   in   t h e -  

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

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

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



1.  In  t he   p r o c e s s   o f   p r o d u c i n g   a  s h e l l   mold   a b o u t   a  

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

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

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

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

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

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

o rgan ic   c o m p o u n d s   and  s a i d   b i n d e r   h a v i n g   t h e   p r o p e r t y   t h a t   w h e n  

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

600°  F,  s a i d   b i n d e r   i s   v o l a t i l i z e d   s u f f i c i e n t l y   so  t h a t   s a i d  

e f r a c t o r y  p o w d e r   or   p o w d e r s   w i l l  b e   no  l o n g e r   b o u n d   t o g e t h e r  f i r m l y .  

2.  The  p r o c e s s   of  C l a i m   1  and  in   w h i c h   s a i d   s e c o n d  

m a t e r i a l   is   made  b y  

a)  c o m b i n i n g   i n t o   a  m i x t u r e ,  ( 1 )   s a i d   r e f r a c t o r y   p o w d e r  

or   p o w d e r s   w i t h   (2)  s a i d   b i n d e r ,   s a i d   b i n d e r   b e i n g  

p r e s e n t   in  s u f f i c i e n t   q u a n t i t y   so  t h a t   a f t e r   p e l l e t -  

i z i n g   and  c r u m b l i n g ,   s a i d   b i n d e r   w i l l   c a u s e   s a i d  

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

p a r t i c u l a t e   f o r m ,   and  w i t h   (3)  a  s o l v e n t   f o r   s a i d  

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

q u a n t i t y   to   p e r m i t   p e l l e t i z a t i o n   of   s a i d   m i x t u r e  

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

w i l l   dry  h a r d ,  

b)  p e l l e t i z i n g   t h e   m i x t u r e ,  

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

f o r   c r u m b l i n g ,  

d)  c r u m b l i n g   t h e   d r i e d   and  h a r d e n e d   p e l l e t s ,   a n d  



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

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

t he   d e s i r e d   p a r t i c l e   s i z e   d i s t r i b u t i o n   r e q u i r e d   f o r  

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

3.  A  s t u c c o   m a t e r i a l   f o r   use  in  p r o d u c i n g   s h e l l   m o l d s  

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

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

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

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

o r  c o m p o u n d s   h a v i n g   t h e   p r o p e r t y   t h a t   when  h e a t e d   to  t he   f i r i n g  

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

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

4.  The  s t u c c o   m a t e r i a l   of   C l a i m   3  and  in  w h i c h   t h e   r e -  

f r a c t o r y  c o m p o u n d   o r   c o m p o u n d 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  o f   c a l c i n e d   a l u m i n u m   s i l i c a t e ,   and  q u a r t z .  

5.  The  s t u c c o   m a t e r i a l   of   C l a i m   3  and  in  w h i c h   t h e   o r -  

g a n i c  c o m p o u n d   or  c o m p o u n d 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  

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

6.  The  s t u c c o   m a t e r i a l   of  C l a i m   3  and  wh ich   t h e   a r t i f i -  

c i a l   s t u c c o   has   a  p a r t i c l e   s i z e   d i s t r i b u t i o n   t h r o u g h   a  U.S.   S t d .  

8  mesh  s c r e e n   and  on  a  U.S.   S t d .   50  mesh  s c r e e n .  

7.  The  s t u c c o   m a t e r i a l   of   C l a i m   3  and  in  w h i c h   t h e  

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



8.  The  s t u c c o   m a t e r i a l   of  C l a i m   3  and  in  w h i c h   t h e  

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

9.  A  s h e l l   mold   f o r   i n v e s t m e n t   c a s t i n g ,   c o m p r i s i n g  

a l t e r n a t e   l a y e r s   of  s l u r r y   m a t e r i a l   and  p a r t i c l e s   of   s t u c c o   m a -  

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

c o m p r i s e s  a   r e f r a c t o r y   p o w d e r   or   m i x t u r e   of   p o w d e r s   b o u n d   t o -  

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

a i d   b i n d e r   h a v i n g   t h e   p r o p e r t y   t h a t   when  s a i d   s h e l l   i s   h e a t e d  

to  t h e   f i r i n g   t e m p e r a t u r e s   u s e d   in   t he   i n v e s t m e n t   c a s t i n g   p r o c e s s ,  

said  b i n d e r   is  v o l a t i l i z e d   s u f f i c i e n t l y   so  t h a t   s a i d   r e f r a c t o r y  

p o w d e r  o r   p o w d e r s   w i l l   be  no  l o n g e r   bound   t o g e t h e r   f i r m l y .  
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