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@  Plastic  chrome  ore  refractory  compositions. 

In  order  to  provide  plastic  chrome  or  refractory  com- 
positions  which  have  a  desirably  low  swelling  or  bloating 
tendency,  without  using  asbestos  or  floc,  compositions  are 
introduced,  which  include  hectorite,  which  is  a  naturally 
occurring  or  manufactured  hydrous  magnesium  silicate 
material.  The  refractory  compositions  contain,  by  weight 
on  a  dry  basis,  85  to  95%  of  size-graded  chrome  ore,  1  to 
5%  of  alkali  metal  silicate  binder,  0  to  5%  of  plasticizer 
(other  than  hectorite)  and  sufficient  water  to  form  a  plastic 
mass,  the  amount  of  hectorite  being  0.5  to  5%.  The  hec- 
torite  can  constitute  the  sole  plasticizer,  but  for  cost  rea- 
sons  other  plasticizers  are  also  included,  plastic  clays 
being  especially  preferred. 



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

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

r e f r a c t o r y   c o m p o s i t i o n s   c o m p r i s i n g   85%  to   95%  s i z e - g r a d e d  

c h r o m e   o r e ,   1%  to  5%  of   a l k a l i   m e t a l   s i l i c a t e   b i n d e r ,   0% 

to   5%  of  a  p l a s t i c i z e r   o t h e r   t h a n   h e c t o r i t e   and  s u f f i c i e n t  

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

w e i g h t   and  b a s e d   on  t h e   t o t a l   d r y   w e i g h t   of  t h e   i n g r e d i e n t s .  

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

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

P l a s t i c   c h r o m e   o r e s   a r e   w e l l - k n o w n   in  t h e   r e f r a c -  

t o r i e s   i n d u s t r y   and  a r e   d e s c r i b e d ,   f o r   e x a m p l e ,   in   U . S .  

P a t e n t   S p e c i f i c a t i o n s   2 , 7 9 2 , 3 1 1 ,   2 , 9 6 5 , 5 0 5   and  3 , 2 9 7 , 4 5 8 .  

U .S .   P a t e n t   S p e c i f i c a t i o n   3 , 2 9 7 , 4 5 8   d i s c l o s e s   a  

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

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

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

of  f l o c   or   a s b e s t o s   in   m i n o r   a m o u n t s   to   t h e s e   c o m p o s i t i o n s ,  

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

A l t h o u g h   t h e   c o m p o s i t i o n s   d e s c r i b e d   in   U .S .   P a t e n t  

S p e c i f i c a t i o n   3 , 2 9 7 , 4 5 8   h a v e   p r o v e d   c o m m e r c i a l l y   s u c c e s s f u l ,  

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

c o n c e r n   t h a t   a s b e s t o s   may  p o s e   a  h e a l t h   h a z a r d   a n d ,   a c c o r d -  

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

c h r o m e   o re   c o m p o s i t i o n   w h i c h   d o e s   n o t   r e q u i r e   t h e   u se   o f  

a s b e s t o s .  

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

t h i s   p r o b l e m .  

The  i n v e n t i o n   i s   b a s e d   upon   t h e   d i s c o v e r y   t h a t   a n y  
u n d e s i r a b l e   t e n d e n c y   to   s w e l l   or   b l o a t   i s   m i n i m i z e d   or   e v e n  

e l i m i n a t e d   i f   t h e   r e f r a c t o r y   c o m p o s i t i o n   i n c l u d e s   0.5%  t o  

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

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

c o m p o s i t i o n .  

The  c h r o m e   o re   u s e d   can   be  any   of   s u c h   m a t e r i a l s ,  

e i t h e r   n a t u r a l   or  s y n t h e t i c ,   w e l l - k n o w n   in   t h i s   a r t .   S i z e -  



g r a d e d   c h r o m e   o r e   i s   u s e d ,   in   o r d e r   to   a c h i e v e   good   d e n s i t y  

upon   p l a c e m e n t   of  t h e   r e f r a c t o r y   c o m p o s i t i o n s ,   as  w i l l   b e  

w e l l   u n d e r s t o o d .   For   e x a m p l e ,   t h e   c h r o m e   o r e   may  a l l   b e  

l e s s   t h a n   9 . 5   mm  in   d i a m e t e r   and  s i z e - g r a d e d   so  t h a t   r o u g h l y  

o n e - t h i r d   i s   g r e a t e r   t h a n   2  mm  in   d i a m e t e r ,   r o u g h l y   o n e -  

t h i r d   i s   l e s s   t h a n   2  mm  in   d i a m e t e r   and  g r e a t e r   t h a n   0 . 1 5   mm 

in   d i a m e t e r   and  r o u g h l y   o n e - t h i r d   i s   l e s s   t h a n   0 . 1 5   mm  i n  

d i a m e t e r .   T h i s   s i z e   g r a d i n g   means   t h a t   a l l   t h e   c h r o m e   o r e  

p a s s e s   a  3 /8   i n c h   mesh   s c r e e n ,   r o u g h l y   o n e - t h i r d   i s   r e t a i n e d  

on  a  9 - m e s h   s c r e e n ,   o n e - t h i r d   i s   r e t a i n e d   on  a  1 0 0 - m e s h  

s c r e e n   and  t h e   r e m a i n i n g   o n e - t h i r d   p a s s e s   a  1 0 0 - m e s h   s c r e e n .  

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

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

n e a r   H e c t o r ,   C a l i f o r n i a ,   U n i t e d   S t a t e s   o f   A m e r i c a .   I t   h a s  

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

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

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

n a t u r a l   m a t e r i a l .   H e c t o r i t e   i s   a  w e l l - k n o w n   m a t e r i a l   w h i c h  

has   b e e n   u s e d   in   many  c o m p o s i t i o n s ,   i n c l u d i n g   r e f r a c t o r y   g u n  

m i x e s ,   f o r   e x a m p l e   as  d i s c l o s e d   i n   U .S .   P a t e n t   S p e c i f i c a t i o n  

2 , 4 0 7 , 7 2 5 .   I t   h a s   a l s o   b e e n   u s e d   as  a  c o a t i n g   on  r e f r a c t o r y  

m a t e r i a l ,   f o r   e x a m p l e   c h r o m e   o r e ,   as  d i s c l o s e d   in   U .S .   P a t e n t  

S p e c i f i c a t i o n   2 , 4 0 6 , 9 1 0 .  

The  b i n d e r   m a t e r i a l   may  be  any  of   t h e   many  w e l l - k n o w n  

v a r i e t i e s   of   s o d i u m   s i l i c a t e .   I t   i s   b e l i e v e d   t h a t   i t   i s   t h e  

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

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

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

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

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

h i g h   s i l i c a   s o d i u m   s i l i c a t e s .   The  s o d i u m   s i l i c a t e   can   b e  

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

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

e v e r   f o r m   ( d r y   or  l i q u i d   s o l u t i o n )   t h e   s o d i u m   s i l i c a t e   i s  

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



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

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

a d d e d   i s   t h e   a m o u n t   of   t h a t   m a t e r i a l   in   t h e   s o l u t i o n   ( i . e . ,  

t he   a m o u n t   o b t a i n e d   upon   d r y i n g   t h e   s o l u t i o n ) .   O t h e r ,  

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

s i l i c a t e ,   can  be  u s e d .  

W h i l e   a  p l a s t i c i z e r   i s   n o t   e s s e n t i a l ,   i t   h a s   b e e n  

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

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

The  p l a s t i c i z e r   c an   be  any  of  t h e   many  w e l l - k n o w n   m a t e r i a l s  

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

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

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

in  m a k i n g   c o m p o s i t i o n s   a c c o r d i n g   to   t h i s   i n v e n t i o n .  

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

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

t h e   k a o l i n i t e   t y p e ,   w h i c h   e x h i b i t s   l u b r i c i t y   and  p l a s t i c i t y  

when  a d m i x e d   w i t h   w a t e r .   S e e ,   f o r   e x a m p l e ,   t h e   d e f i n i t i o n  

of  " c l a y "   in   C e r a m i c   G l o s s a r y   ( A m e r i c a n   C e r a m i c   S o c i e t y ,  

1 9 6 3 ) .   The  t e r m   " c l a y "   i s   p a r t i c u l a r l y   to  be  d i s t i n g u i s h e d  

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

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

I t   i s   p o s s i b l e   t o   o m i t   e n t i r e l y   t h e   p l a s t i c i z e r   i n  

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

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

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

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

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

In  m a k i n g   a  c o m p o s i t i o n   a c c o r d i n g   t o   t h i s   i n v e n t i o n ,  

t he   s i z e d   c h r o m e   o r e   and  o t h e r   i n g r e d i e n t s   a r e   m i x e d  

t o g e t h e r ,   f o r   e x a m p l e   in   a  M u l l e r   m i x e r ,   and  s u f f i c i e n t  

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

a m o u n t   of  w a t e r   to   be  a d d e d   d e p e n d s   upon   t h e   t y p e s   a n d  

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

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



b u t   w i l l   g e n e r a l l y   r a n g e   f rom  1%  t o  5 %   by  w e i g h t ,   b a s e d   o n  

t h e   t o t a l   w e i g h t   of   t h e   c o m p o s i t i o n .  

The  c o m p o s i t i o n   can   a l s o   c o n t a i n   o t h e r   i n g r e d i e n t s ,  

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

e x a m p l e ,   i t   c an   c o n t a i n   a  s e q u e s t e r i n g   a g e n t   ( f o r   e x a m p l e ,  

e t h y l e n e   d i a m i n e   t e t r a - a c e t i c   a c i d ) ,   w h i c h   p r e v e n t s   p r e -  
m a t u r e   r e a c t i o n ,   and  c o n s e q u e n t   s e t t i n g   of  t h e   m i x ,   b e t w e e n  

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

h a v e   g o t   i n t o   t h e   c o m p o s i t i o n .  

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

i o n   " b a s e d   on  t h e   t o t a l   d r y   w e i g h t   of  t h e   i n g r e d i e n t s "   m e a n s  

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

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

i t   had   b e e n   d r i e d ;   t h a t   i s   to   s a y ,   a f t e r   any  w a t e r ,   w h e t h e r  

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

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

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

E x a m p l e  

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

to   t h i s   i n v e n t i o n   was  made  f rom  8 8 . 3   p a r t s   of  s i z e d  

T r a n s v a a l   c h r o m e   o r e ,   7 . 8 3   p a r t s   of   RU  g r a d e   s o d i u m   s i l i c a t e  

(an  a q u e o u s   s o l u t i o n   of  s o d i u m   s i l i c a t e   made  by  P h i l a d e l p h i a  

Q u a r t z   Co.  h a v i n g   13.8%  N a 2 0 ,   33.2%  S i 0 2   and  a  S i 0 2 : N a 2 0  
r a t i o   of   2 . 4 : 1 ) ,   2 . 6 2   p a r t s   of   H a m i l t o n   I I   c l a y   (a  p l a s t i c  

k a o l i n ) ,   0 . 2 5   p a r t   of  V e r s e n e   (an  e t h y l e n e   d i a m i n e   t e t r a -  

a c e t i c   a c i d   s e q u e s t e r i n g   a g e n t )   and  1  p a r t   of   B a r o i d   M a c a l o i d ,  

a  r e f i n e d   h e c t o r i t e   o r e .   A  15  kg  b a t c h   of   t h i s   c o m p o s i t i o n  

was  m i x e d   i n   a  s m a l l   M u l l e r   m i x e r ,   t o g e t h e r   w i t h   2 .2   p a r t s  

of   w a t e r   ( i n   a d d i t i o n   to   t h e   w a t e r   c o n t a i n e d   in   t h e   s o d i u m  

s i l i c a t e   s o l u t i o n ) .   As  w i l l   be  a p p a r e n t ,   t h e   m i x t u r e   c o n -  

t a i n e d   on  t h e   d r y   b a s i s   92.4%  of   c h r o m e   o r e ,   3.9%  of   s o d i u m  

s i l i c a t e ,   2.7%  of  c l a y   and  s l i g h t l y   o v e r   1%  of   h e c t o r i t e .  

The  T r a n s v a a l   c h r o m e   o re   was  s i z e d   so  t h a t   a l l   w a s  

l e s s   t h a n   9 . 5   mm  in  d i a m e t e r   ( i . e . ,   a l l   p a s s e d   a  3 /8   i n c h  

m e s h   s c r e e n )   and  2 8 . 1   p a r t s   w e r e   g r e a t e r   t h a n   2  mm  i n  



d i a m e t e r   ( i . e . ,   w e r e   r e t a i n e d   on  a  9 - m e s h   s c r e e n ) ,   2 8 . 1  

p a r t s   w e r e   s m a l l e r   t h a n   2  mm  and  l a r g e r   t h a n   0 . 1 5   mm  ( i . e . ,  

r e t a i n e d   on  a  1 0 0 - m e s h   s c r e e n ) ,   and  3 2 . 1   p a r t s   w e r e   s m a l l e r  

t h a n   0 . 1 5   mm.  The  c h r o m e   o re   o v e r   2  mm  in  s i z e   had   t h e  

f o l l o w i n g   t y p i c a l   c h e m i c a l   a n a l y s i s   ( i g n i t e d   b a s i s ) :   1 1 . 1 %  

MgO,  0.4%  CaO,  8.2%  S i 0 2 ,   14.5%  A 1 2 0 3 ,   39.7%  C r 2 0 3   a n d  

26 .1%  F e 2 0 3 ;   and  t h a t   u n d e r   2  mm  in  s i z e ,   a  b e n e f i c i a t e d  

o r e ,   t h e   f o l l o w i n g   t y p i c a l   a n a l y s i s :   44 .1%  C r 2 0 3 ,   2 8 . 7 %  

F e 2 0 3 '   15.1%  A 1 2 0 3 ,   9.7%  MgO,  0.2%  CaO  and  2.2%  S i 0 2 .   T h e  

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

l e s s   t h a n   44  m i c r o n s   in   s i z e   ( i . e . ,   b o t h   a l l   p a s s e d   a  3 2 5 -  

mesh  s c r e e n )   and  t h e   V e r s e n e   was  in   t h e   fo rm  of   an  a q u e o u s  

s o l u t i o n .  

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

r a m m i n g   i t   i n t o   a  can   1 0 . 5   cm  in   d i a m e t e r   by  12  cm  h i g h  

u s i n g   a  20  mm  ( 3 / 4   in)  d i a m e t e r   s t e e l   r o d .   The  e x c e s s  

m a t e r i a l   was  c u t   o f f   w i t h   t h e   e d g e   of  a  t r o w e l   and  t h e   t o p  

s u r f a c e   s m o o t h e d .   F o u r   v e n t   h o l e s   w e r e   made  in   t h e   e x p o s e d  

s u r f a c e   w i t h   a  3  mm  ( 1 / 8   in)  d i a m e t e r   w e l d i n g   rod   to   a  d e p t h  

of  5  cm  (2  i n ) .   A f t e r   t h e   m a t e r i a l   had   d r i e d   f o r   48  h o u r s  

a t   room  t e m p e r a t u r e   and  had   t h e n   b e e n   d r i e d   in   an  oven   f o r  

16  h o u r s   a t   120°C  ( 2 5 0 ° F ) ,   t h e   h e i g h t   of  t h e   s p e c i m e n   a b o v e  

t h e   r i m   of   t h e   can   was  m e a s u r e d   and  f o u n d   to   be  1 1 . 5   mm 

( 0 . 4 6   i n ) .   The  m a t e r i a l   was  a l s o   s t o r e d   in   p l a s t i c   b a g s  

f o r   a  t o t a l   of   16  w e e k s ,   a f t e r   w h i c h   t i m e   i t   s t i l l   r e m a i n e d  

p l a s t i c .  

T h i s   c o m p o s i t i o n   can  be  c o m p a r e d   w i t h   a n o t h e r  

c o m p o s i t i o n   made  in   t h e   same  way  e x c e p t   t h a t ,   in  p l a c e   o f  

t h e   h e c t o r i t e ,   1  p a r t   of   V o l c l a y ,   a  p l a s t i c   b e n t o n i t e   c l a y ,  

was  u s e d ,   and  1 .5   p a r t s   of   w a t e r   w e r e   u s e d .   A l t h o u g h   t h i s  

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

12  w e e k s ,   in   t h e   b l o a t   t e s t   i t   s h o w e d   an  i n c r e a s e d   h e i g h t   o f  

2 3 . 5   mm  ( 0 . 9 2   i n ) ,   an  u n a c c e p t a b l y   h i g h   a m o u n t .  

In  a d d i t i o n   to   t h e   two  f o r e g o i n g   c o m p o s i t i o n s ,  

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



a d d i t i v e s   in   p l a c e   of  t h e   h e c t o r i t e   or  V o l c l a y   b e n t o n i t e :  

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

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

c a t t l e   h a i r ,   v o l a t i l i z e d   s i l i c a ,   k y a n i t e ,   r i c e   h u l l   a s h ,  

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

m a c e o u s   e a r t h   and  w a s t e   m a t e r i a l   f r om  rug   m a n u f a c t u r e .  

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

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

of   a  week   or   two .   O t h e r s ,   a l t h o u g h   t h e y   d i d   n o t   s e t   u p  

p r e m a t u r e l y ,   s h o w e d   b l o a t i n g   of  f rom  20  to   44  mm  ( 0 . 7 8   t o  

1 . 7 3   i n ) ,   a l l   u n a c c e p t a b l y   h i g h .  

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

w i t h   1  p a r t   of   a s b e s t o s ,   as  d i s c l o s e d   in   U .S .   P a t e n t   S p e c i -  

f i c a t i o n   3 , 2 9 7 , 4 5 8 ,   s h o w e d   a  b l o a t   of  1 1 . 5   mm  ( 0 . 4 5   i n ) ,  

w i t h   good   s t o r a g e   f o r   16  w e e k s .  

E a c h   of  t h e   b l o a t   h e i g h t s   r e p o r t e d   i s   t h e   a v e r a g e   o f  

two  s e p a r a t e   t e s t s   on  t h e   same  c o m p o s i t i o n .  

A l t h o u g h   t h e   r e a s o n   why  h e c t o r i t e ,   and  t h e   p r e v i o u s l y  

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

p l a s t i c   c h r o m e   o r e   c o m p o s i t i o n s   i s   n o t   known  w i t h   c e r t a i n t y  

( and   a p p l i c a n t   d o e s   n o t   w i s h   to   be  b o u n d   t o   any   t h e o r y ) ,   t h e  

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

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

t e n d e n c y   to   b l o a t   a l s o   i n c r e a s e s .   From  t h e s e   r e s u l t s ,   t h e  

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

i n c h e s )   t o   r ammed  d e n s i t y   ( i n   p o u n d s   p e r   c u b i c   f o o t ,   p c f )  

h a s   b e e n   d e v e l o p e d :  

(1)  B l o a t  =   - 1 3 . 5 7   +  0 . 0 6 7   x  D e n s i t y ;  

o r ,   in   m e t r i c   u n i t s ,  

(2)  B l o a t   (mm)  -  - 3 4 4 . 7  +   1 0 6 . 1   x  
D e n s i t y   ( g / c c ) .  

From  many  y e a r s   e x p e r i e n c e   w i t h   t h e s e   p l a s t i c   c h r o m e  

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

s t a n d a r d   t e s t   d e s c r i b e d )   of  16  mm  ( 0 . 6 2 5   in )   i s   t h e   m a x i m u m  

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



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

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

b l o a t   w i l l   h a v e   a  rammed  b u l k   d e n s i t y   of   l e s s   t h a n   a b o u t  

3 .4  g / c c   (212  p c f ) .   From  t h e s e   many  t e s t s ,   i t   a p p e a r s  

t h a t   o n l y   h e c t o r i t e   (or   a s b e s t o s   or   f l o c )   a d d i t i o n s   y i e l d  

c o m p o s i t i o n s   w i t h   an  a d e q u a t e l y   low  rammed  b u l k   d e n s i t y  

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

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

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

low  d e n s i t y ,   an  open   s t r u c t u r e   w h i c h   p e r m i t s   any  e x p a n -  

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

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

s t r u c t u r e ,   r a t h e r   t h a n   e x p a n d i n g   t h e   s t r u c t u r e   of  t h e   r e -  

f r a c t o r y   i t s e l f .  

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

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

s i z e s   r e f e r r e d   to   h e r e i n   a r e   T y l e r   s t a n d a r d   s c r e e n   s i z e s  

w h i c h   a r e   d e f i n e d   in  C h e m i c a l   E n g i n e e r s '   H a n d b o o k ,   J o h n   H .  

P e r r y ,   E d i t o r - i n - C h i e f ,   T h i r d   E d i t i o n ,   1950 ,   p u b l i s h e d   b y  

McGraw  H i l l   Book  C o m p a n y ,   a t   p a g e   963 .   For   e x a m p l e ,   a  

100  mesh   s c r e e n   o p e n i n g   c o r r e s p o n d s   to   147  m i c r o n s .   A n a -  

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

m a n n e r ,   e x p r e s s e d   as  s i m p l e   o x i d e s ,   e . g .   MgO  and  C r 2 0 3 ,  

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

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



1.  A  p l a s t i c   c h r o m e   o r e   r e f r a c t o r y   c o m p o s i t i o n ,   c o m p r i -  

s i n g   85%  to   95%  of   s i z e - g r a d e d   c h r o m e   o r e ,   1%  to   5%  o f  

a l k a l i   m e t a l   s i l i c a t e   b i n d e r ,   0%  to   5%  of  p l a s t i c i z e r   o t h e r  

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

t h a t   t h e   c o m p o s i t i o n   a l s o   c o m p r i s e s   0.5%  to   5%  of   h e c t o r i t e ,  

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

w e i g h t   of  t h e   i n g r e d i e n t s .  

2.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   1,  w h e r e i n  

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

3.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   t o   c l a i m   2,  w h e r e i n  

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

4.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   1,  2  or   3 ,  

w h e r e i n   0.1%  to   5%  of  p l a s t i c i z e r   i s   p r e s e n t .  

5.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   4,  w h e r e i n  

f rom  1%  t o   5%  of   c l a y   i s   p r e s e n t   as  p l a s t i c i z e r .  

6.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

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

7.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   to   any  p r e c e d i n g  

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

l i q u i d   s o l u t i o n .  

8.  A  r e f r a c t o r y   c o m p o s i t i o n   a c c o r d i n g   to   any  p r e c e d i n g  

c l a i m ,   w h e r e i n   t h e   c h r o m e   o r e   i s   of  t h e   T r a n s v a a l   t y p e .  
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