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matrix  of tungsten  carbide  in  a  nickel  alloy for  controlling  die 
resistance  and  to  increase  die  life. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  me thod   and  a p p a r a t u s  

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

a d d i t i o n   of  an  a d h e s i v e .  

P r i o r   U.  S.  P a t e n t   No.  3 , 9 4 9 , 0 3 6 ,   and  U.  S.  P a t e n t   No.  

4 , 0 6 0 , 3 6 3 ,   g r a n t e d   to  c o - i n v e n t o r   G.  B.  N e l s o n   d i s c l o s e s  

method  and  a p p a r a t u s   fo r   f o r m i n g   s t a b l e   b l o c k s   f r o m  

s h r e d d e d   p a p e r   l i k e   m a t e r i a l .   The  a d v a n t a g e s   of  f o r m i n g  

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

a c c o r d a n c e   w i t h   the  d i s c l o s u r e s   of  the   above  p a t e n t s   a r e  
we l l   known.  The  a p p l i c a t i o n   of  the   p r i n c i p l e s   to  n u m e r o u s  
m a t e r i a l s   has  been  d e m o n s t r a t e d .   H o w e v e r ,   e f f o r t s   to  e x t e n d  

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

a d h e s i v e s   has  no t   been  s u c c e s s f u l   in  the  p a s t .  
One  a p p l i c a t i o n   of  the   p r i n c i p l e   of  f o r m i n g   s t a b l e  

b l o c k s   of  m a t e r i a l   is   t he   c u b i n g   of  hay  f o r   t h e  

a g r i c u l t u r a l   i n d u s t r y .   The  c u b i n g   of  a l f a l f a  a n d   l e g u m e s  
of  t h a t   c h a r a c t e r   has  been  known  fo r   some  t i m e .   M a c h i n e s  

f o r   t h i s   p u r p o s e   a r e   in  w i d e   use   t o d a y   and  a r e  m a d e ,   f o r  

e x a m p l e ,   by  the   John  Deere   Company  fo r   t h i s   p u r p o s e .   S u c h  

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

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

q u a l i t y   is   b e s t   e a r l y   in  the  h a y i n g   s e a s o n   and  d e t e r i o r a t e s  

t o w a r d   the   end  of  the  s e a s o n .   A  b i n d e r   such  as  B e n t o n i t e  

is  o f t e n   added  to  e n h a n c e   the  q u a l i t y   or  s t a b i l i t y   w h i c h  

a l s o  i n c r e a s e s   the  c o s t s   of  c u b i n g .  



I t   i s   w e l l   known  in  t h e   i n d u s t r y   t h a t   g r a s s e s   c a n n o t   b e  

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

of  10%  or  more  c a n n o t   be  e f f e c t i v e l y   cubed .   The  

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

l i t e r a t u r e ,   c l e a r l y   s p e c i f y   t h a t   a l f a l f a   to  be  cubed  m u s t  

not  c o n t a i n   over   10%  g r a s s .   Th i s   is   a  d i s t i n c t   l i m i t a t i o n  

on  the  m e t h o d s   and  " a p p a r a t u s   of  t he   p r i o r   a r t .   The  p r e c i s e  

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

cub ing   g r a s s e s   is  unknown.   The  a p p l i c a n t ,   h o w e v e r ,   h a s  

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

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

d e s i r a b l e .   Many  w a s t e   p r o d u c t s   can  be  u s e f u l   for   f u e l   i f  

fo rmed  i n t o   the   cube  or  h i g h l y   c o m p a c t   s t a t e .   For  e x a m p l e ,  
wood  s h a v i n g s   and  s a w d u s t ,   b a r k ,   l e a v e s ,   nut   h u l l s   and  t h e  

l i k e   can  be  used  as  f u e l .  

C e r t a i n   low  g r a d e   f u e l   p r o d u c t s ,   e.g.  low  g r a d e   c o a l s  

and  s i m i l a r   p r o d u c t s   such  as  l i g n i t e   can  be  b e t t e r   h a n d l e d  

or  f u r t h e r   p r o c e s s e d   from  the  c o m p a c t e d   s t a t e .  
A  c o n s i d e r a b l e   amount   of  money  a n d  e f f o r t   has  b e e n  

expanded   in  a t t e m p t s   to  form  c u b e s   f rom  r e f u s e   from  c i t i e s  

and  the  l i k e .   The  a d v a n t a g e s   of  f o r m i n g   such  m a t e r i a l s  

i n t o   s t a b l e   b l o c k s   a re   o b v i o u s .   For  e x a m p l e ,  s u c h  
m a t e r i a l s   can  be  e a s i l y   and  c o n v e n i e n t l y   t r a n s p o r t e d   a n d  

r e c y c l a b l e   m a t e r i a l s   can  be  f o r m e d . i n t o   b l o c k s   and  e a s i l y  
and  c o n v e n i e n t l y   h a n d l e d   fo r   s h i p p i n g .   I t   is  a l s o  

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

is  d i s p o s e d   of  at   the   c i t y   dumps.   Th i s   m a t e r i a l   c o u l d   b e  



c o n v e n i e n t l y   u t i l i z e d   as  f u e l   for   the  g e n e r a t i o n   o f  

e l e c r r i c a l   power   and  the  l i k e   and  t h e r e b y   c o n s e r v e   n a t u r a l  

r e s o u r c e s .  
Many  e t f o r t s   to  form  r e f u s e   and  the  l i k e   i n t o  s t a b l e  

b l o c k s   have  no t   been  s u c c e s s f u l .   For  e x a m p l e ,   the   N a t i o n a l  

R e c y c l i n g   C e n t e r   in  Gary ,   I n d i a n a ,   e x p e n d e d   a  g r e a t   d e a l   o f  

t i m e ,   e f f o r t   and  money  t r y i n g   to  o b t a i n   s t a b l e   b l o c k s   f r o m  

r e f u s e   and  t he   l i k e .   They  were   u n a b l e   to  o b t a i n  

s a t i s f a c t o r y   b l o c k s .   The  r e s u l t s   of  t h e i r   e f f o r t s   were  l o w  

p r o d u c t i o n   and  low  d e n s i t y .  
In  a d d i t i o n   to  the  i n a b i l i t y   of  t h e  p r i o r   a r t   a p p a r a t u s  

for   f o r m i n g   s u i t a b l e   s t a b l e   b l o c k s   from  many  m a t e r i a l s ,  
such  p r i o r   a r t   d e v i c e s   a l s o   have  a  s h o r t   l i f e   and  a r e  
t h e r e f o r e   e x p e n s i v e ,   Whi l e   known  t e c h n i q u e s   of  h a r d e n i n g  
a n d  s u r f a c i n g   of  the  p a r t s   of  such  m a c h i n e s   have  i m p r o v e d  
the  l i f e   of  the   m a c h i n e s ,   such  l i f e   is  s t i l l   n o t  
s a t i s f a c t o r y   f rom  an  e c o n o m i c a l   p o i n t   of  v i ew.   A d d i t i o n a l  
d r a w b a c k s   to  the  p r i o r   a r t   m e t h o d s   i n c l u d e   the  i n a b i l i t y   o f  
the  m a c h i n e s   to  a c c o m p l i s h   the   p u r p o s e s   t h e r e o f   w i t h   p r i o r  
a r t   r e s u r f a c i n g   m a t e r i a l s   and  t e c h n i q u e s .  

One  d i f f i c u l t y   w i t h   the  f o r m a t i o n   of  s t a b l e   b l o c k s   f r o m  
r e f u s e   m a t e r i a l   is  the   e x i s t e n c e   of  p l a s t i c   s h e e t i n g ,  
p l a s t i c   c o a t e d   m a t e r i a l s   such  as  mi lk   c a r t o n s   and  wax 
c o a t e d   m a t e r i a l s   and  c a r t o n s   t h e r e i n .   Such  m a t e r i a l s   e x i s t  
in  a i l   r e f u s e   to  the   e x t e n t   t h a t   i t   is  b e l i e v e d   t h a t   t h i s  
is  a  p r i m a r y   h i n d r a n c e   to  the  f o r m a t i o n   of  s t a b l e   b l o c k s .  

F a i r l y   low  p e r c e n t a g e s   of  t h e s e   c o a t e d   m a t e r i a l s   and  t h e  

s h e e t i n g   m a t e r i a l   can  p r e v e n t   the  f o r m a t i o n   of  s t a b l e  
b l o c k s .  



L i g n i t e   a n d  c e r t a i n   low  g r a d e   c o a l s   can  be  p r o c e s s e d   b y  

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

P e l l e t i z i n g   such  m a t e r i a l s   w o u l d  c o n s i d e r a b l y   e n h a n c e   t h e  

h a n d l i n g   as  w e l l   as  g a s i f i c a t i o n   p r o c e s s .   However ,   n o '  

e t f e c r i v e   me thod   of  p e l l e t i z i n g   such  m a t e r i a l s   has  b e e n  

a v a i l a b l e . h e r e t o   f o r e .  

I t   is  t h e r e f o r e   d e s i r a b l e   t h a t   me thods   and  a p p a r a t u s   b e  

p r o v i d e d   whch  can  e c o n o m i c a l l y - f o r m   s t a b l e   and  u n i f o r m  

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

the  a d d i t i o n   of  b i n d e r s .  

I t   i s   a l s o   d e s i r a b l e   to  be  a b l e   to  fo rm  s t a b l e   b l o c k s  

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

s p l i n t e r s ,  o a k   s a w d u s t   and  s p l i n t e r s ,   oak  b a r k ,   p e n c i l  

s h a v i n g s ,   b u s h e s ,   w e e d s ,   p e a t   moss ,   nut   h u l l s ,   l i g n i t e   a n d  

o t h e r   s i m i l a r   m a t e r i a l s ,   w i t h o u t   the   a d d i t i o n   of  b i n d e r s .  

SUMMARY  AND  OBJECTS  OF  THE  INVENTION 

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a n  
i m p r o v e d   me thod   and  a p p a r a t u s   fo r   f o r m i n g   s t a b l e   b l o c k s   o f  

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

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

i m p r o v e d   a p p a r a t u s   h a v i n g   l ong   l i f e   fo r   the  f o r m i n g   o f  

s t a b l e   b l o c k s   of  o r g a n i c   and  o t h e r   p a r t i c l e   m a t e r i a l s .  

In  a c c o r d a n c e   w i t h   the   p r i m a r y   a s p e c t s   of  the   p r e s e n t  
i n v e n t i o n   e x t r u d i n g   d i e s   fo r   the   f o r m a t i o n   of  p e l l e t s ,  
c u b e s ,   and  o t h e r   s t a b l e   b l o c k s   of  m a t e r i a l s   a re   c o a t e d   w i t h  

a  h a r d e n e d   m a t e r i a l   such  as  t u n g s t e n   c a r b i d e   h a v i n g   a  
r o u g h e n e d   s u r f a c e   fo r   i n c r e a s i n g   the  r e s i s t a n c e   a n d  

c o m p r e s s i v e   f o r c e s   on  the  m a t e r i a l   and  c o a t e d   in  o t h e r  

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



a  smooth   s u r f a c e   w i t h   i m p r o v e d   l i f e   and  long   w e a r  
c h a r a c t e r i s t i c s .   The  s u r f a c i n g   on  the   d i e s   may  a l s o   b e  

shaped   to  e n h a n c e   and  i m p r o v e   the  wear  c h a r a c t e r i s t i c s   a n d  

l i f e   t h e r e o f .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   become  a p p a r e n t   f rom  the   f o l l o w i n g  
d e s c r i p t i o n   when  r ead   in  c o n j u n c t i o n   w i t h   the   d r a w i n g s ,  
w h e r e i n :  

F i g u r e   1  is  a  s c h e m a t i c   i l l u s t r a t i o n   of  a  c u b i n g  

a p p a r a t u s   and  method   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n .  

F i g u r e   2  i s   a  p e r s p e c t i v e   v i e w   of  a  cube   of  m a t e r i a l   i n  
a c c o r d a n c e   w i t h   t he   i n v e n t i o n .  

F i g u r e   3  is  a  d i a m e t r i c a l   s e c t i o n a l   v iew  s h o w i n g  
d e t a i l s   of  the   c u b i n g   e x t r u d e r .  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   of  an  e x t r u s i o n   d i e   i n  
a c c o r d a n c e   w i t h   the   i n v e n t i o n .  

F i g u r e   5  i s   a  v i e w   t a k e n   g e n e r a l l y   on  l i n e s   5-5  o f  

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

F i g u r e   6  is   an  e n l a r g e d   f r a g m e n t a r y   view  s h o w i n g   t h e  

e n g a g e m e n t   of  the   c o m p r e s s i o n   whee l   w i t h   an  e x t r u s i o n   d i e  

s e c t i o n .  

F i g u r e  7   i s  a   s e c t i o n a l   v i e w   t a k e n   on  l i n e   7-7  o f  

F i g u r e   6 .  

F i g u r e   8  i s  a   s e c t i o n a l   v i e w   t a k e n   on  l i n e s   8-8  o f  

F i g u r e   6 .  

F i g u r e   9  is  a  d e t a i l e d   e n l a r g e d   view  i l l u s t r a t i n g   t h e  
die  and  wear  and  r e s i s t a n c e  w e a r   c o a t i n g .  



F i g u r e   10  i s   a  v i e w   l i k e   F i g u r e   8  of  a  m o d i f i c a t i o n   o f  

the   d i e .  

F i g u r e   11  is   a  s e c t i o n a l   view  of  an  a l t e r n a t e   d i e .  

F i g u r e   12  i s   a  s e c t i o n a l   v i e w   of  a  m o d i f i c a t i o n   of  t h e  

d ie   of  F i g u r e   1 1 .  

DETAILED  DESCRIPTION  OF  A  PREFERRED  EMBODIMENT 

T u r n i n g   to  F i g u r e   1  of  t h e   d r a w i n g s   t h e r e   i s  

s c h e m a t i c a l l y   i l l u s t r a t e d  a   c u b i n g   a p p a r a t u s   a n d / o r   s y s t e m  
in  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n .   The  c u b i n g  

a p p a r a t u s   or  s y s t e m   may  be  such  as  t h a t   i l l u s t r a t e d   a n d  

f u l l y   d e s c r i b e d   in  U.  S.  P a t e n t   No.  3 , 9 4 9 , 0 3 6 ,   i s s u e d   A p r i l  

6,  1916  to  the   i n v e n t o r   h e r e o f .   Tha t   p a t e n t   is  f u l l y  

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

The  s y s t e m   may  a l s o   be  c o n s t r u c t e d   l i k e   m a c h i n e s   s o l d   a s  

h a y . c u b e r s   by  t h e   J o h n   D e e r e   Company   s u c h   as  t h o s e  

i d e n t i f i e d   as  the   Model  425  S e l f   P r o p e l l e d   Cuber   or  t h e  

Model  390  S t a t i o n a r y   Cuber .   The  s u b j e c t   m a t t e r   of  t h e  

p r e s e n t   i n v e n t i o n   i n v o l v e s   m o d i f i c a t i o n s   in  such  p r i o r   a r t  
m a c h i n e s   w h i c h   g i v e   s u c h ' m a c h i n e s   the   c a p a c i t y   fo r   c u b i n g   a  

g r e a t   v a r i e t y   of  m a t e r i a l s   not   h e r e t o f o r e   c a p a b l e   of  b e i n g  
fo rmed   i n t o   c u b e s   by  t h e s e   m a c h i n e s   w i t h o u t   the  a d d i t i o n   o f  

b i n d e r s .   Such  m a t e r i a l s   a r e ,   fo r   e x a m p l e ,   g r a s s e s   or  h a y  
of  a  h i g h   g r a s s   c o n t e n t ,   wood  s h a v i n g s   and  wood  s a w d u s t ,  
nut   h u l l s ,   p e a t   moss ,   l i g n i t e   and  o t h e r   such  s i m i l a r  

m a t e r i a l s .   O t h e r   m a t e r i a l s   c a p a b l e   of  b e i n g   cubed  in  t h e  

method  and  a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n   i n c l u d e  

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

i n c l u d i n g   a  f i b e r   c o n t e n t   such  as  p a p e r ,   p a p e r   b o a r d   a n d  



the  l i k e   in  c o m b i n a t i o n   w i t h   p l a s t i c   m a t e r i a l s   such  a s  

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

The  s y s t e m   as  g e n e r a l l y   i l l u s t r a t e d   in  F i g u r e  1   a n d  

d e s i g n a t e d   g e n e r a l l y   by  the   n u m e r a l   10  c o n s i s t s   of  a  
s h r e d d e r   or  g r i n d e r . 1 2   fo r   r e c e i v i n g   and  s h r e d d i n g   o r  
g r i n d i n g   the   m a t e r i a l s   i n t o   an  a p p r o p r i a t e   s i z e   i f  

n e c e s s a r y   w i t h   the   m a t e r i a l s   then   fed  to  a  f l u f f e r   w h e r e  

n e c e s s a r y   14  t h e n   to  a  m o i s t u r e   c o n t r o l   a p p a r a t u s   16  f o r  

a d j u s t i n g   the   m o i s t u r e   of  the   m a t e r i a l s ,   t h e n   to  a  h e a t e r  
if   n e c e s s a r y ,   and  t h e n  i n t o   a  c u b i n g   e x t r u d e r   18.  I n  m o s t  
i n s t a n c e s   the   m a t e r i a l   must   be  p r e p a r e d   in  one  way  o r  
a n o t h e r   p r i o r   to  f e e d i n g   i t   i n t o   the  c u b i n g   e x t r u d e r .   The 
m a t e r i a l   t h a t   e m e r g e s   f rom  the  c u b i n g   e x t r u d e r  w i l l   c o n s i s t  

of  c u b e s ,   such  as  a  cube  20,  as  i l l u s t r a t e d   in  F i g u r e   2 .  
This  cube  of  m a t e r i a l   w i l l   c o n s i s t   of  a  t i g h t l y   c o m p r e s s e d  
cube  c o n s i s t i n g   p r i m a r i l y   of  l a y e r s   or  p a r t i c l e s   of  t h e  
m a t e r i a l s   h i g h l y   c o m p r e s s e d   t o g e t h e r   unde r   s u f f i c i e n t   h e a t  
and  p r e s s u r e   as  d e v e l o p e d   in  the  e x t r u d i n g   p r o c e s s   to  c a u s e  
the  m a t e r i a l s   to  be  f u s e d   or  o t h e r w i s e   s e c u r e d   o r  b o n d e d  

t o g e t h e r   by  n a t u r a l   a d h e s i v e s   or  the   l i k e   w i t h i n   t h e  
m a t e r i a l   w i t h o u t   the  a d d i t i o n   of  e x t e r n a l   or  s y n t h e t i c  
a d n e s i v e s   or  b i n d e r s .   The  b l o c k   in  many  i n s t a n c e s   w i l l   b e  

s u b s t a n t i a l l y   as  d e s c r i b e d   in  my  a f o r e m e n t i o n e d   p a t e n t .   I n  

some  i n s t a n c e s   the   b l o c k   w i l l   have  a  f u s e d   o u t e r   s u r t a c e   o r  
s h e l l   w i t h   t i g h t l y   c o m p a c t e d   p a r t i c l e s   or  l a y e r s   i n s i d e .   I n  
o t h e r   i n s t a n c e s   the   b l o c k   may  be  a  f u s e d   mass  t h r o u g h o u t .  

The  b a s i c   p r o c e s s   f o r   f o r m i n g   t he   cube   i s   a l s o   s u c h   a s  
t h a t   d e s c r i b e d   in  the   a f o r e m e n t i o n e d   p a t e n t ,   w i t h   t h e  



e x c e p t i o n   t h a t   s p e c i f i c   p r e p a r a t i o n   may  be  n e c e s s a r y   f o r  

s p e c i f i c   m a t e r i a l .   G r a s s e s   or  hay  and  the   l i k e   must   be  a t  

l e a s t   p a r t i a l l y   c u r e d   or  d r i e d   and  t hen   cu t   to  a n  

a p p r o p r i a t e   l e n g t h   to  f i t   in  the  d i e .   The  l e n g t h  o f   t h e  

m a t e r i a l s ,   of  c o u r s e ,   would   depend  on  the  s i z e   of  the   d i e  

and  p r e f e r a b l y   w i l l   h ave   a  l e n g t h   t h a t   i s   as  to  t h e  

m a j o r i t y   of  t he   m a t e r i a l s   t h a t   is  no  g r e a t e r   t h a n   the   c r o s s  
s e c t i o n a l   l e n g t h   or  w i d t h   of  the   d ie   o p e n i n g s .   I t   may  b e  

n e c e s s a r y   in  many  i n s t a n c e s   to  a p p r o p r i a t e l y   c o n t r o l   t h e  

m o i s t u r e   by  e i t h e r   d r y i n g   the   m a t e r i a l   or  a d d i n g   m o i s t u r e  

t h e r e t o .  
The  p r e p a r a t i o n   of  s a w d u s t   and  l i k e   m a t e r i a l s   wou ld   n o t  

r e q u i r e   the   s t e p   of  g r i n d i n g ,  b u t   would   r e q u i r e   a  m o i s t u r e  

c o n d i t i o n i n g   in  most   i n s t a n c e s .   C e r t a i n   s a w d u s t ,   such  a s  
t h a t   c o n t a i n i n g   r e s i n s ,   may  not   need  much  m o i s t u r e   and  may  
be  f o r m a b l e   w i t h   a  l o w e r   m o i s t u r e   c o n t e n t   than   o t h e r  

s a w d u s t ,   such  as  n o n - r e s i n   c o n t a i n i n g   s a w d u s t   of  t h e  

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

w i l l   in  g e n e r a l   r e q u i r e   the  a d d t i o n a l   s t e p s   of  s e p a r a t i n g  
and  s o r t i n g   u n s u i t a b l e   m a t e r i a l s ,   such  as  m e t a l   and  t h e  

l i k e ,   f rom  the  m a t e r i a l s   to  be  cubed .   S h e e t i n g   m a t e r i a l ,  
such  as  p a p e r s ,  c a r d b o a r d ,   and  the  l i k e   must   be  f r a g m e n t e d  
i n t o   f r a g m e n t s   o f  a   s u f f i c i e n t   s i z e   to  be  f ed   i n t o   t h e  

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

p e r c e n t a g e   of  wax  or  p l a s t i c   c o a t i n g   is  i n v o l v e d ,   may  a l s o  

r e q u i r e   a  s h r e d d i n g   or  t e a r i n g   in  a  f a s h i o n   to  e x p o s e  
f i b e r s   a t   the   e d g e s   t h e r e o f .   In  most   i n s t a n c e s   a  c l e a n  

c u t t i n g ,   such  as  by  k n i v e s ,   of  c o a t e d   p a p e r   of  the   l i k e ,  
would   be  u n s u i t a b l e .   I t   is  o f t e n   n e c e s s a r y   t h a t   j a g g e d  



f i b e r   e x p o s i n g   e d g e s   be  f o r m e d   on  many  of  the  p a r t i c l e s   o f  

m a t e r i a l ,   e s p e c i a l l y   t h o s e   which   a re   p l a s t i c   c o a t e d   o r  
mixed  in  w i t h   p l a s t i c   s h e e t i n g   and  c o a t i n g s .   As  to  t h e  

c r i t i c a l   m e t h o d s   or  s t e p s   of  the   i n v e n t i o n   such  a p p e a r   t o  

r e s i d e   in  a  common  s t e p   of  r a i s i n g   the  c o m p r e s s i v e  

p r e s s u r e s   and  t e m p e r a t u r e s   of  the  o u t e r   s u r f a c e   of  t h e  

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

h i g h  l e v e l   to  form  the  n e c e s s a r y   bond.  I t   is  a l s o  

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

r o u g h e n i n g   of  the   s u r f a c e s   of  many  of  the   m a t e r i a l s ,   s u c h  

as  s h e e t i n g   m a t e r i a l s ,   may  a id   i n  t h e   b o n d i n g   p r o c e s s .  
We  have  found   t h a t   the   mos t   e f f e c t i v e   me thod   of  r a i s i n g  

the  p r e s s u r e   to  a  s u f f i c i e n t   h e i g h t   to  o b t a i n   the   n e c e s s a r y  
b o n d i n g   is  by  i n c r e a s i n g   the  r e s i s t a n c e   to  or  a t   t h e  

e n t r a n c e   of  the   m a t e r i a l s   i n t o  t h e   d ie   c a v i t i e s .   Th i s   i s  

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

to  the  d ie .   T h i s   r o u g h e n i n g   is  c a r r i e d   out   by  a  s p e c i a l  
c o a t i n g   a p p l i e d   to  the  d ie   s u r f a c e s   which   a l s o   i n c i d e n t l y  
i n c r e a s e s   the   l i f e   of  the   d i e s .   Minor  m o d i f i c a t i o n s   in  t h e  
die  s t r u c t u r e   and  the   c o o p e r a t i n g   c o m p r e s s i o n   w h e e l  

s t r u c t u r e   a l s o   e n h a n c e s   bo th   t h e  a b i l i t y   to  o b t a i n   t h e  

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

Such  m o d i f i c a t i o n s   as  we  p r o v i d e ,   a l t h o u g h   s e e m i n g l y  
minor   at   t h i s   p o i n t   in  t i m e ,   have  e s c a p e d   the  minds   of  t h e  

e x p e r t s   of  t h e   i n d u s t r y   fo r   many  y e a r s .   Such  m i n o r  

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

a c h i e v i n g   the   end  r e s u l t s   w h e r e i n   o t h e r s   have  f a i l e d   a f t e r  

many  y e a r s   and  h i g h l y   e x p e n s i v e   e f f o r t s .   In  summary ,   we 
have  d e v e l o p e d   method   and  a p p a r a t u s   h a v i n g   the   c a p a b i l i t y  



of  f o r m i n g   c u b e s   f rom  s u b s t a n t i a l l y   any  s u b s t a n c e   h a v i n g  a  

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

some  f i b r o u s   c o n t e n t   when  c o m b i n e d   w i t h   s l i c k   s h e e t i n g  
m a t e r i a l s   ot  p l a s t i c   or  w a x .  

In  c o n j u n c t i o n   w i t h   the  d e v e l o p m e n t   of  a p p a r a t u s   f o r  

c a r r y i n g   ou t   the   above   p r o c e s s ,   we  have  a l s o   d e v e l o p e d  

i m p r o v e m e n t s   fo r   i n c r e a s i n g   the  l i f e   of  the   d i e s   i n  

c o o p e r a t i v e   a s s o c i a t i o n - w i t h   c o m p r e s s i o n   w h e e l s .   In  m a n y  
i n s t a n c e s ,   the   one  m o d i f i c a t i o n   or  s t r u c t u r e   s e r v e s   b o t h  

f u n c t i o n s .  

T u r n i n g   to  F i g u r e   3  of  the   d r a w i n g   t h e r e   is  i l l u s t r a t e d  

an  e x a m p l e   of  a  c u b i n g   e x t r u d e r   s u i t a b l e   fo r   the   p u r p o s e s  
h e r e i n .   The  c u b e r   18  in  the   i l l u s t r a t e d   e m b o d i m e n t  

c o m p r i s e s   a  h o u s i n g   22  h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l   a u g e r  

c o n v e y o r   24  wh ich   r e c e i v e s   m a t e r i a l   at  26  in  a  s t r e a m   f r o m  

a  c h u t e   or  the   l i k e   28  and  f e e d s   i t   i n t o   a  g e n e r a l l y  
a n n u l a r   e x t r u s i o n   c h a m b e r   30.  The  e x t r u s i o n   c h a m b e r   i s  

d e f i n e d   by  an  end  p l a t e   32  h a v i n g   a  c i r c u l a r   g e n e r a l l y   d i s c  

c o n f i g u r a t i o n   s e c u r e d   by  s u i t a b l e   b o l t s   or  the   l i k e   t o  

a n n u l a r   b e l l   s h a p e d   h o u s i n g   p o r t i o n   34  wh ich   a l s o   f u n c t i o n s  

as  a  cam  fo r   b r e a k i n g   the  e x t r u d e d   m a t e r i a l   i n t o   s e l e c t e d  

l e n g t h s .   The  h o u s i n g   32  is  s e c u r e d   to  the   b e l l   s h a p e d  

h o u s i n g   p o r t i o n  3 4   or  s u i t a b l e   b o l t s   c l a m p i n g   a  p l u r a l i t y  
of  die   e l e m e n t s   36  t h e r e b e t w e e n .   The  d i e   e l e m e n t s  

c o o p e r a t e   as  shown   in  F i g u r e   5,  f o r   f o r m i n g   a  p l u r a l i t y   o f  

d ie   c a v i t i e s .   The  d ie   c a v i t i e s   have  g e n e r a l l y   p a r a l l e l  

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

of  t he   e x t r u s i o n   c h a m b e r   30  and  a r e   in  a  p l a n e   of  and  f ed   b y  

an  e x c e n t r i c a l l y   moun ted   c o m p r e s s i o n   whee l   40.  T h e  



c o m p r e s s i o n   whee l   is  r o t a t a b l y   moun ted   on  a  j o u r n a l   42  o f  

the  a u g e r   a s s e m b l y   and  f o r c e s   the  m a t e r i a l s   26  to  b e  

e x t r u d e d   o u t w a r d   t h r o u g h   the   r a d i a l l y   d i r e c t e d   d i e  
c a v i t i e s   3 8 .  

T u r n i n g   to  F i g u r e   4,  each  of  the   die   p i e c e s   or  e l e m e n t s  

36  c o m p r i s e   a  p a i r   of  s p a c e d   a p a r t   s i d e   b l o c k s   44  and  46  

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

t o g e t h e r   by  means  of  a  g e n e r a l l y   wedge  s h a p e d   web  member  48  

e x t e n d i n g   b e t w e e n   the   d ie   b l o c k s .   The  wedge  p o r t i o n   48  h a s  

an  e n t r a n c e   edge  50  s p a c e d   downward   from  the  top   of  the   s i d e  
b l o c k s   44  and  46  t h u s   d e f i n i n g   when  c o n n e c t e d   w i t h   t h e  

p l u r a l i t y   of  s i m i l a r   b l o c k   s e c t i o n s   as  shown  in  F i g u r e   6 ,  

an  i n l e t   p o r t i o n   h a v i n g   s i d e   w a l l s   d e f i n e d   by  the   s i d e  

w a l l s   of  t h e   s i d e   b l o c k s   44  and  46  p r i o r   to  e n t r y   i n t o   t h e  

d i e  c a v i t y .  
In  a c c o r d a n c e   w i t h   one  a s p e c t   of  the   i n v e n t i o n   a s  

i l l u s t r a t e d   in  F i g u r e s   4  and  5,  the   i n l e t  p o r t i o n   of  t h e  
d ie   p i e c e   or  s e c t i o n   i s   c o a t e d   w i t h   a  r o u g h e n i n g   a n d  
h a r d e n e d   c o a t i n g   52  fo r   i n c r e a s i n g   the  r e s i s t a n c e   to  t h e  
e n t r a n c e   ot  m a t e r i a l s   i n t o   the  i n l e t  t o   the  d ie   p a s s a g e .  
This   c o a t i n g   e x t e n d s   a t   l e s t   downward   from  the   f o r w a r d   e n d  
50  of  the   wedge  s h a p e d   webb  p o r t i o n  4 8   and  p r e f e r a b l y  
p a r t i a l l y   a r o u n d   the   s i d e   w a l l s   or  the   f a c i n g   t h e r e o f .  
This   p r o v i d e s   a  r e s i s t a n c e   to  the  p a s s a g e   of  m a t e r i a l  

t h r o u g h   the   d i e   c a v i t y   and  i n c r e a s e s   the  p r e s s u r e   on  t h e  
m a t e r i a l .   Once  the   m a t e r i a l   is  p a s t   t h i s   p o r t i o n   of  t h e  

c a v i t y , t h e   w a l l s   of  t he   d ie   p i e c e   a re   p r e f e r a b l y   s m o o t h   a n d  
c o a t e d   w i t h   a  h a r d e n e d   m a t e r i a l ,   such  as  n i c k e l   a l l o y   o r  
ch romium  or  o t h e r   m a t e r i a l s   to  be  d e s c r i b e d .   P r e f e r a b l y  
the  r e s i s t a n c e   to  the   e n t r a n c e   of  m a t e r i a l   i n t o   the   d i e  



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

p u r p o s e   of  p e r m i t t i n g   t h e   h igh   c o m p r e s s i o n   f o r c e s   to  b e  

d e v e l o p e d   a t   t h i s   p o i n t .   The  h igh   c o m p r e s s i o n   f o r c e s   c a n  
be  c o n t r o l l e d   by  c o n t r o l l i n g   the  r o u g h n e s s   of  t he   d ie   a n d  

in  some  i n s t a n c e s   by  the  m o i s t u r e   c o n t e n t   of  the   m a t e r i a l  

be ing   c o m p r e s s e d .   The  d ie   c o a t i n g   i s   s e l e c t e d   to  o p t i m i z e  
the  c o m p r e s s i v e   f o r c e s   and  to  o p t i m i z e   d i e   l i f e .   The  d i e  

r o u g h n e s s   can  be  t a i l o r e d   to  s p e c i f i c   m a t e r i a l s   where   4 

f e a s i b l e   as  w i l l   be  d e s c r i b e d .   A  r o u g h n e s s   o f  b e t w e e n   80 

and  180  m i c r o i n c h e s   is  p r e f e r r e d  f o r   most   m a t e r i a l s .  

A n o t h e r   a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,   as  i l l u s t r a t e d  

in  F i g u r e   6,  is   t h a t   the   p o r t i o n   of  the   p r e s s   whee l   f i t t i n g  
b e t w e e n   t h e   s i d e s   44  and  46   is   c o a t e d   w i t h   a  c o a r s e   c o a t i n g  
of  t u n g s t e n   c a r b i d e   of  a b o u t   25  to  50  mesh   in  a  n i c k e l  

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

c o n t r a s t   to  the   p r i o r   a r t ,   m a i n t a i n s   the   e d g e s   of  the   p r e s s  
w h e e l s   40  in  a  s h a r p   c o n f i g u r a t i o n .   In  a d d i t i o n ,   t h e  

c o r n e r s   a t   56  of  t h e  j u n c t u r e   b e t w e e n   t h e   u p p e r   edge   50  o f  

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

as  shown  in  d o t t e d   l i n e   and  s i m i l a r l y   c o a t e d   w i t h   a  r o u g h  
h a r d e n e d   m a t e r i a l .   Thick  c o a t i n g   r e s u l t s   in  an  i n c r e a s e d  

l i f e   of  the   d i e s   and  is  a l s o   found  to  a id   and  i n c r e a s e   i n  

the  c o m p r e s s i v e   f o r c e s   a c t i n g   on  the   m a t e r i a l   to  b e  

c o m p a c t e d .  

T u r n i n g   to  F i g u r e   7,  in  a d d i t i o n   to  t he   above   d e s c r i b e d  

a s p e c t ,   the   u p p e r   edge  and  c o r n e r s   58  of  t he   web  50  a r e  
a l s o   g r o u n d   down  or  k n o c k e d   o f f   and  a  c o a t i n g   of  h a r d e n e d  

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

s h a p e d   as  s h o w n   in  F i g u r e s   6  and  7  and  e x t e n d s   d o w n w a r d   a t  

the  s i d e   e d g e s   ( i . e .   in  the  c o r n e r s )   a t   the   j u n c t u r e  



b e t w e e n   t h e   f a c e s   of  t h e   web  48  and  t he   s i d e   w a l l s   of  t h e  

b lock   and  f i l l s   the   c o r n e r   j u n c t i o n s   t h e r e b e t w e e n   e x t e n d i n g  
downward   to  p o i n t s   a t   each  s i d e   in  the  c o r n e r s .   T h i s  

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

l i f e   of  t h e   d i e   f r o m   f i v e   (5)  to  t e n   (10)  t i m e s .   T h e  

rounded   c o r n e r s   a l s o   p r e v e n t   the   ha rd   c o r n e r s   from  b r e a k i n g  .  

o f f .  

As  a l s o   s h o w n   in  F i g u r e   7,  a  p o r t i o n   of  t h e   w a l l   o r  
s i d e   w a l l s   in  e a c h   of  t h e   d i e s   a b o v e   t h e   f o r w a r d   end  50  o f  

the   wedge   48  i s   u n d e r c u t   as  shown  a t   60  and  62  in  F i g u r e s   7 

and  8  and  f i l l e d   w i t h  a   m a t r i x   of  a  h a r d e n e d   m a t e r i a l   s u c h  

as  t u n g s t e n   c a r b i d e   in  a  h a r d   b i n d e r   m a t e r i a l   s u c h   a s  
n i c k e l   or  a  n i c k e l   a l l o y .   This   rough  s u r f a c i n g   i s  

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

m a t e r i a l s   to  e s c a p e   p a s t   the  s i d e s   of  the   p r e s s   w h e e l .  

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

the  d ie   by  i n s u r i n g   t h a t   the  n e c e s s a r y   t h i c k n e s s   o f  

h a r d e n e d   m a t e r i a l   a p p e a r s   at  the   a p p r o p r i a t e   p o s i t i o n   ( i . e .  

e x t r e m e   w e a r   a r e a s )   on  t he   d i e   s u r f a c e   a t   t h e   d i e   e n t r a n c e  
t h e r e o f .   The  h a r d   s u r f a c e   has  g r e a t e r  d e p t h   at   h i g h e r   w e a r  

p o i n t s   as  i l l u s t r a t e d ,   v a r y i n g   f rom  .010  to  .050  i n c h e s .  

T u r n i n g   to  F i g u r e   9,  an  e n l a r g e d   s e c t i o n   of  a  s u r f a c i n g  
is  i l l u s t r a t e d .   In  the   p r e f e r r e d   e m b o d i m e n t ,   the   c o a t i n g  
m a t e r i a l   c o m p r i s e s   a  m a t r i x   of  a  p l u r a l i t y   of  p a r t i c l e s   o f  

t u n g s t e n   c a r b i d e   66  in  a  b i n d e r   m a t e r i a l   68.  The  b i n d e r  

m a t e r i a l s   a re   p r e f e r a b l y   e x t r e m e l y   wear  r e s i s t a n t   such  a s  
n i c k e l   a l l o y s   and  i n c l u d e s   a  m i x t u r e   of  m a t e r i a l s   such  a s  
i r o n ,   c a r b o n ,   c h r o m i u m ,   n i c k e l   and  bo ron .   A  t y p i c a l   a l l o y  
would  have  a b o u t   0.3%  c a r b o n ,   1.8%  s i l i c o n ,   5.6%  c h r o m i u m ,  

1.2%  b o r o n ,   and  1.6%  i r o n   w i t h   the   b a l a n c e   n i c k e l .  



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

p a r t i c l e s   in  the   s u r f a c i n g   is  fo r   r o u g h n e s s   c o n t r o l .   The  

base   m a t e r i a l   for   the   main   d ie   body  is   a  h i g h   wear  r e s i s t a n t  

and  t o u g h   m a t e r i a l   such  as  4140  chrome  m o l y b d e n u m - s t e e l  
h a r d e n e d   to  a  R o c k w e l l   45  h a r d n e s s   (C  s c a l e ) .   The  a b o v e  

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

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

e x c e l l e n t   b o n d i n g   q u a l i t i e s .   The  t u n g s t e n   c a r b i d e  

p a r t i c l e s   s h o u l d   make  up  a b o u t   60%  of  the  m a t r i x   or  c o a t i n g  
m a t e r i a l .  

The  c o a t i n g   m a t e r i a l   is  p r e f e r a b l y   a p p l i e d   by  f l a m e  

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

b e t w e e n   100  and  300  mesh  in  a  b o n d i n g   m a t e r i a l   t h a t  

s u p p o r t s   the   p a r t i c l e s   bu t   can  a l s o   wear  away  to  e x p o s e  
f u r t h e r  p a r t i c l e s   to  m a i n t a i n   r o u g h n e s s .   The  r o u g h n e s s  
s h o u l d   be  on  the  o r d e r   of  b e t w e e n   80  and  160  m i c r o i n c h e s .  

T u r n i n g   to  F i g u r e   10  a  s p e c i a l   a l f a l f a   and  l i g n i t e   d i e s  

is  i l l u s t r a t e d .   In  t h i s   e m b o d i m e n t   the  f a c e s   70  and  72  o f  

the   d i e   a r e   c o a t e d   w i t h   a  s u i t a b l e   m a t e r i a l   to  make  i t  

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

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

c o n f i g u r a t i o n   has  been  found  to  c o r r e c t   the   p r o b l e m   f o u n d  

when  d i e s   w i t h   r o u g h   c o r n e r s   s u c h   as  shown  in  F i g u r e   8  h a v e  

been  used   fo r   t h e s e   m a t e r i a l s .  

I t   i s   n e c e s s a r y   t h a t   o t h e r   p o r t i o n s   of  the   d ie   such  a s  
d o w n s t r e a m   f rom  the   r o u g h e n e d   or  p r e s s u r e   c o n t r o l   p o r t i o n  
be  q u i t e   s m o o t h   and  have  a  h a r d e n e d   s u r f a c e .   A p p l i c a n t   h a s  

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

t r a d e m a r k   Met  Co  36C.  Th i s   a l l o y   c o n s i s t s   of  a b o u t   8% 

t u n g s t e n   c a r b i d e   in  p a r t i c l e   fo rm,   35%  n i c k e l   c o m p o s i t i o n ,  



11%  c h r o m i u m ,   2 -1 /2%  i r o n ,   0.5%  c a r b o n   and  46%  pu re   n i c k e l .  

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

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

r a t h e r   t h a n   g r a n n u l a r .  
A n o t h e r  m a t e r i a l   which   a p p e a r s   s u i t a b l e   fo r   t h i s  

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

a  m a t r i x   of  n i c k e l   c o b a l t .   These  s i l i c o n  

c a r b i d e   p a r t i c l e s   a r e   of  a  s i z e   in  t h e   r a n g e   of  f r o m   5  to  10 

m i c r o n s .   Th i s   m a t e r i a l   can  g ive   a  s u r f a c e   s m o o t h n e s s   on  
the  o r d e r   of  l e s s   t h a n   20  m i c r o n s .   In  c e r t a i n   c i r c u m -  

s t a n c e s ,   the   e n t i r e   w o r k i n g   s u r f a c e   of  the   d ie   can  b e  

c o a t e d   w i t h   t h i s   m a t e r i a l .   In  o t h e r   d e s i r a b l e   c i r c u m -  

s t a n c e s   m i x t u r e s   of  t u n g s t e n   c a r b i d e   is  n e c e s s a r y   t o  

p r o v i d e   the   r e q u i r e d   r e s i s t a n c e   to  movement   of  m a t e r i a l  

t n r o u g h   the   d ie   in  o r d e r   to  d e v e l o p   the  n e c e s a r y  
t e m p e r a t u r e   and  p r e s s u r e s .  

T h i s   d o w n s t r e a m   a r e a   of  t h e   d i e   i s   r e f e r r e d   to  as  t h e  

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

b lock   of  mass  to  s t a b i l i z e   and  to  p r o v i d e   the  r e q u i r e d  
back  p r e s s u r e   on  the   m a t e r i a l .   The  l e n g t h   can  v a r y   w i t h  
the  m a t e r i a l   b u t  a   d i e   on  the   o r d e r   of  abou t   s ix   (6)  i n c h e s  

has  been  found   to  be  s a t i s f a c t o r y   for   most  l i g n i t e   and  m o s t  
b i o m a s s .   For  m a t e r i a l   c o n t a i n i n g  m o r e   t han   a b o u t   8% 

p o l y e t h y l e n e   the  d i e   l e n g t h   s h o u l d   be  i n c r e a s e d   to  a b o u t   8 

to  12  i n c h e s   d e p e n d i n g   upon  the   p e r c e n t a g e   of  the   p l a s t i c .  
The  m a t e r i a l   s h o u l d   a l s o   be  p r e h e a t e d   p r i o r   to  d i e   e n t r a n c e  
to  a b o u t   140  d e g r e e s   F .  

The  p r e s s u r e   and  a  c e r t a i n   amount   of  the  t e m p e r a t u r e ,  
e s p e c i a l l y   the   s k i n   or  s u r f a c e   t e m p e r a t u r e   of  the   f o r m e d  
b l o c k s   a re   c o n t r o l l e d   by  d ie   r e s i s t a n c e .   The  d i e  



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

c o a t i n g .   Th i s   can  be  c o n t r o l l e d   b o t h   by  the   a r e a   c o a t e d  

( i . e .   e x t e n t   of  t he   c o a t i n g )   as  w e l l   as  t he   r o u g h n e s s   o f  

the   c o a t i n g .   We  have  found  for   e x a m p l e   t h a t   c o a t i n g   a  

p o r t i o n   of  one  of  the   fou r   s i d e s   a t   the   e n t r y   to  the   d ie   i s  

s u f f i c i e n t   f o r   some  m a t e r i a l s  

In  our  p r e f e r r e d   a r r a n g e m e n t   we  c o a t   two  o p p o s i n g   s i d e s  

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

a d j a c e n t   t he   c o r n e r s   of  the   o t h e r   s i d e s .   T h i s   p r o v i d e s   a n  

optimum  c o n s t r u c t i o n   fo r   most  m a t e r i a l s .  

We  have  found   t h a t   smooth   c o r n e r s   a re   p r e f e r a b l y   f o r  

a l f a l f a   and  f o r   l i g n i t e .   These   m a t e r i a l s   have   t e n d e d   t o  

form  u n s t a b l e   c o r n e r s   in  d i e s   h a v i n g   the   r o u g h e n i n g  

e x t e n d i n g   i n t o   the   c o r n e r s .   The  m a t e r i a l   f r e q u e n t l y   h a n g s  

up  or  s t i c k s   to  the   d ie   in  the   c o r n e r ,   t h e r e b y   r e d u c i n g   t h e  

e f f e c t i v e   d ie   a r e a ,   m a t e r i a l   t h r o u g h p u t ,   and  b l o c k  

s t a b i l i t y .   Th i s   has  been  e l i m i n a t e d   by  p r o v i d i n g   s m o o t h  

c o r n e r s   as  shown  in  F i g u r e   10.  The  f a c i n g   b e t w e e n   t h e  

c o r n e r s   a re   r o u g h e n e d   but   the   c o r n e r s   and  an  a r e a  

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

The  c o a t i n g   m a t e r i a l   can  be  v a r i e d   in  i t s   r o u g h n e s s   a n  

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

p r o v i d i n g   the   p r o p e r   r e s i s t a n c e   to  r a i s e   t he   p r e s s u r e   a n d  

t e m p e r a t u r e   to  the   b o n d i n g   r a n g e .  
By  way  of  e x a m p l e ,   l i g n i t e   can  have  a  m o i s t u r e   c o n t e n t  

of  b e t w e e n   10%  and  40%  b u t   t h e   p r e f e r r e d   r a n g e   i s  b e t w e e n  

a b o u t   20%  and  35%.  The  n a t u r a l   m o i s t u r e   c o n t e n t   i s  

f r e q u e n t l y   as  h i g h   as  40%.  The  p r e s s u r e   r e q u i r e d   i s  

b e t w e e n   6 ,000  and  10 ,000  pounds   per  s q u a r e   i n c h ,   w i t h   a b o u t  

8,000  b e i n g   the   u s u a l   p r e s s u r e   r e q u i r e d .   L i g n i t e   mus t   b e  



f u s e d   t h r o u g h o u t   the  mass  in  o r d e r   to  form  s t a b l e   b l o c k s  

t h a t   can  be  e a s i l y   g a s s i f i e d .   The  t e m p e r a t u r e   must  b e  

r a i s e d   in  the   r a n g e ' o f   b e t w e e n   300  and  500  d e g r e e s   F .  

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

M a t e r i a l s   which   we  r e f e r   to  g e n e r a l l y   as  b i o m a s s  

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

and  s h e l l s ,   wood  p a r t i c l e s   such  as  s a w d u s t ,   b a r k ,   s h a v i n g s ,  

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

w a s t e ,   and  can  be  fo rmed   i n t o   s t a b l e   b l o c k s   w i t h   t h e  

i n v e n t i o n .   The  m o i s t u r e   c o n t e n t   can  va ry   b e t w e e n   10%  a n d  

40%  w i t h   a  p r e f e r r e d   range   of  a b o u t   12  to  25%.  The  

p r e s s u r e   can  va ry   from  a b o u t   5,000  p s i   up  to  a b o u t   1 0 , 0 0 0  

p s i .   The  s u r f a c e   t e m p e r a t u r e   unde r   p r e s s u r e   would   be  i n  

t h e ,  r a n g e   of  a b o u t   300  to  500  d e g r e e s   F.  These   m a t e r i a l s  

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

i n v e n t i o n   w i t h o u t   the  a d d i t i o n   of  b i n d e r s .  

The  t e m p e r a t u r e   at  which   the   m a t e r i a l   bonds   i n t o   a  
s t a b l e   b l o c k   is  h e r e i n   r e f e r r e d   to  as  the   f u s i o n   p o i n t   o r  

t e m p e r a t u r e .   Th is   f u s i o n   p o i n t   is  the   t e m p e r a t u r e   at   w h i c h  

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

to  form  a  c o h e s i v e   bond:  Th is   w i l l   va ry   w i t h   the   m a t e r i a l  

and  w i t h   m o i s t u r e   c o n t e n t   and  p r e s s u r e   for   e ach   m a t e r i a l .  
The  manner   of  f u s i o n   may  a l s o   va ry   f rom  m a t e r i a l   t o  

m a t e r i a l .   P l a n t   l i f e   w i l l   g e n e r a l l y   have  a  n a t u r a l   b i n d e r  

commonly  known  as  l i g i n .   O t h e r   m a t e r i a l s   may  be  b o n d e d  

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



The  m o i s t u r e   w i t h i n  t h e   m a t e r i a l   may  s e r v e   two  d i f f e r e n t  

f u n c t i o n s .   One  f u n c t i o n   is  to  l i q u i f y   the   b i n d e r   and  t h e  

o t h e r   f u n c t i o n   is  as  a  l u b r i c a n t .   Thus ,   m o i s t u r e   w i t h i n  

c e r t a i n   l i m i t s   can  h e l p   c o n t r o l   p r e s s u r e .  
T u r n i n g   to  F i g u r e   11  of  the  d r a w i n g   an  a l t e r n a t e  

c o n f i g u r a t i o n   or  c o n s t r u c t i o n   is  shown  fo r   l i n i n g   of  d i e s  

which   c a n n o t   be  c o a t e d   by  f l a m e   s p r a y i n g .   The  e x t r u s i o n  

d i e ,   f o r   e x a m p l e ,   d e s i g n a t e d   by  the   n u m e r a l   82  is  p r o v i d e d  
wi th   a  c e n t r a l   bo re   84  of  a  g e n e r a l l y   c o n i c a l   c o n f i g u r a -  
t i o n .   A  g e n e r a l l y   c o n i c a l l y   shaped   l i n e r   86  of  a  h igh   w e a r  
m a t e r i a l   such  as  t u n g s t e n   c a r b i d e   in  a  s u i t a b l e   b i n d e r  
m a t e r i a l   has  an  o u t e r   c o n i c a l   s u r f a c e   88  f i t t i n g   in  t h e  

bore   84.  An  i n n e r   t h r o u g h   bore   90  of  the   d e s i r e d   d i e   c o n f i -  

g u r a t i o n   is  fo rmed   on  the   i n n e r   d i a m e t e r   of  the   l i n e r   76 .  

With  t h i s   a r r a n g e m e n t ,   r e l a t i v e l y   t h i n   l i n e r s   of  a  l o n g  

wear  d i e   m a t e r i a l   can  be  c o n s t r u c t e d   and  i n s e r t e d   i n t o  

b a s i c   d ie   s t r u c t u r e s .   The  l i n e r s   can  be  moun ted   in  t h e  

b a s i c   d i e   s t r u c t u r e s   such  as  by  b r a z i n g ,   s o l d e r i n g   or  t h e  

l i k e ,   to  the   base   s t r u c t u r e   m a t e r i a l   or  m e t a l .   The  i n l e t  

to  t he   d i e   is   a t   t h e   t o p   when  v i e w e d   in  F i g u r e   11  and  c a n  
be  r o u g h e n e d   at  the   e n t r a n c e   as  r e q u i r e d .  

An  a l t e r n a t e   e m b o d i m e n t   is  shown  in  F i g u r e   12  w h e r e i n   a  
d i e   92  h a v i n g   a  c e n t r a l   t h r o u g h   p a s s a g e   94  i s   p r o v i d e d   w i t h  

a  s l e e v e   96  of  the   d e s i r e d   h i g h   wear   m a t e r i a l .   P r e f e r a b l y  
t he   d i e   92  is   p r o v i d e d   w i t h   an  u p p e r   s h o u l d e r   98  w h i c h   i s  

e n g a g e d   by  a  s i m i l a r   o p p o s i n g   s h o u l d e r   100  on  the  l i n e r   9 6 .  

The  i n l e t   or  e n t r a n c e   to  the  d ie   is   a t   the   uppe r   end.  W i t h  

t h i s   a r r a n g e m e n t   the  d i e s   can  be  c o n s t r u c t e d   to  have  r e -  

p l a c e a b l e   l i n e r s   and  only   the   l i n e r   need  be  r e p l a c e d   when  

e x c e s s i v e   wear  o c c u r s .  



In  a n o t h e r   p r o c e s s ,   t h i s   c o a t i n g   is  p l a c e d   o n . t h e   d i e  

s u r f a c e   in  the   a p p r o p r i a t e   p o s i t i o n   and  t h e r e a f t e r   a n  
a d d i t i o n a l   c o a t i n g   of  h igh   r e s i s t a n t   wear  m a t e r i a l   of  a  
s u i t a b l e   c o m p o s i t i o n   is  p l a t e d   over   t h i s   p o r t i o n . . .  
S u f f i c i e n t   p l a t i n g   is  put   on  the   c o a t i n g   to  cove r   t h e  

m a t r i x   b i n d e r   bu t   no t   to  cove r   and  smooth   the  r o u g h e n e d  

p o r t i o n .   With   t h i s   c o n s t r u c t i o n ,   the   s u r f a c e s   at  t h e  

e n t r a n c e   of  the   d ie   a re   l e f t   r o u g h e n e d .   The  d ie   l i f e   i s  

c o n s i d e r a b l y   i n c r e a s e d   by  the  e x t r a   c o a t i n g   which   p r o t e c t s  
the  m a t r i x   or  b i n d e r   m a t e r i a l   f rom  w e a r i n g   away  b e t w e e n   t h e  

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

the  s u r f a c e   p o r t i o n   can  be  a d j u s t e d   in  a c c o r d a n c e   w i t h   t h e  

r e q u i r e m e n t s   of  the   m a t e r i a l s   to  be  p r o c e s s e d .   I n c r e a s i n g  
the  r o u g h n e s s   w i l l   i n c r e a s e   the   r e s i s t a n c e   to  the  e n t r a n c e  
of  m a t e r i a l   i n t o   the  d ie   c a v i t i e s   and  w i l l   t h e r e b y   i n c r e a s e  

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

r o u n d i n g   of  the   edges   of  the   d ie   f a c e s   at  the  e n t r a n c e   a l s o  

c o n t r i b u t e s   to  the   i n c r e a s e d   f o r c e   b e c a u s e   i t   c e a s e s   to  a c t  

as  a  s h e a r   fo r   c u t t i n g   l a r g e r   p a r t i c l e s   t h a t   do  not   f i t  

p r e c i s e l y   w i t h i n   the   c a v i t y   as  is  the   common  p r a c t i c e   i n  

the  a r t .   Thus,   the   h i g h   f o r c e s   n e c e s s a r y   to  f o r c e   t h e  

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

c o m p r e s s i v e   f o r c e s   and  p r e s s u r e s   to  c ause   a  bond  to  b e  

formed  b e t w e e n   the   p a r t i c l e s   of  m a t e r i a l s .  
Whi le   we  have  p r i m a r i l y   d i s c u s s e d   and  r e f e r r e d   to  t h e  

use  of  t u n g s t e n   c a r b i d e   t h r o u g h o u t   t h i s   s p e c i f i c a t i o n   a s  
the  r o u g h e n i n g   m a t e r i a l ,   o t h e r   m a t e r i a l s   may  be  used .   Any 
m a t e r i a l   h a v i n g   a  s u i t a b l e   h a r d n e s s ,   p r e f e r a b l y   g r e a t e r  
than  R o c k w e l l   70  (C  s c a l e ) ,   t h a t   can  be  formed  i n t o   s m a l l  

p a r t i c l e s   h a v i n g   s h a r p   p o i n t s   a n d / o r   edges   ( i . e .   a n  



i r r e g u l a r   shape)   would   be  s u i t a b l e ;   For  e x a m p l e   m a t e r i a l s  
such  as  d i a m o n d s ,   s i l i c o n   c a r b i d e ,   v a n a d i u m   c a r b i d e ,  
t i t a n i u m   c a r b i d e ,   and  many  of  the   o t h e r   c a r b i d e s   and  l i k e  

m a t e r i a l s .  

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

here   w i t h   e x t r u s i o n   d i e s   h a v i n g   p a r a l l e l   s i d e s   r a t h e r   t h a n  

t a p e r e d   d i e s .   Such'  s y s t e m s   as  d e s c r i b e d   h e r e i n   use  much  

l o w e r   e n e r g y   s u c h   as  a b o u t   10  k i l l o w a t t   h o u r   p e r   t o n   a s  

c o m p a r e d   to  a b o u t   40  k i l l o w a t t   hour   per   ton  f o r   c e r t a i n  

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

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

p r i m a r i l y   at  the   o u t e r   s u r f a c e .   Th i s   a l s o   t a k e s   l e s s  

e n e r g y   b e c a u s e   o n l y   t h e   o u t e r   s u r f a c e   of  t he   mass   o f  

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

b o n d i n g   t e m p e r a t u r e .   Th i s   bond  is  b e l i e v e d   to  be  f o rmed   b y  
n a t u r a l   l i g n i n   found   in  the   m a t e r i a l .   The  t e m p e r a t u r e   a t  

which  p l a n t   m a t e r i a l   w i l l   bond  ( i . e .   form  a  s t a b l e   bond)  i s  

b e l i e v e d   to  be  r e l a t e d   to  the   amoun t   of  n a t u r a l   l i g n i n  
f o u n d   in  t he   m a t e r i a l   or  a t   l e a s t   to  t h e   t e m p e r a t u r e   a t  
which  the   l i g n i n   w i l l   be  r e l e a s e d   and  f low  to  form  a  b o n d .  

We  have  found  t h a t   we  can  form  m a t e r i a l   c o n t a i n i n g   a  

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

b o n d i n g   the   m a t e r i a l   a t   or  on  the   o u t e r   s u r f a c e   ( i . e .   t h e  

m a t e r i a l   at   the   d ie   s u r f a c e )   l e a v i n g   the   m a t e r i a l   on  t h e  

i n t e r i o r   of  t he   b l o c k   c l o s e l y   c o m p a c t e d .   By  s e l e c t i v e l y  

r o u g h e n i n g   the   d i e   at  p a r t i c u l a r   a r e a s   for   p a r t i c u l a r  
m a t e r i a l s   an  op t imum  r e s i s t a n c e   can  be  e s t a b l i s h e d   f o r  

p a r t i c u l a r   m a t e r i a l s .   Thus ,   many  m a t e r i a l s   not   h e r e t o f o r e  



t h o u g h t   to  be  c a p a b l e   o f  b e i n g   f o rmed   i n t o   s t a b l e   b l o c k s  

can  be  done  so  in  a c c o r d a n c e   wi th   the   s u b j e c t   i n v e n t i o n .  
The  s u r f a c e   t e m p e r a t u r e s   of  the   m a t e r i a l   ( i . e .   at  t h e  

d ie   f ace )   has  been  found  to  be  c r i t i c a l   to  the  f o r m a t i o n   o f  

s t a b l e   b l o c k s   f rom  t h e s e   m a t e r i a l s   w i t h o u t   the   a d d i t i o n   o f  

b i n d e r s .   The  p r o c e s s   r e q u i r e s   t h a t   the  o u t e r   s u r f a c e   o f  

the  m a t e r i a l   (at   the   d ie   f ace   or  s u r f a c e )   r e a c h   i t ' s  

b o n d i n g   t e m p e r a t u r e ,   a b o u t   300  d e g r e e s   F.  to  600  d e g r e e s  

F.,  fo r   mos t   m a t e r i a l s   s h o r t l y   a f t e r   e n t e r i n g   the   d ie   a n d  

then   coo l   down  to  i t ' s   s t a b i l i z i n g   t e m p e r a t u r e   of  a b o u t   120 

d e g r e e s   F.  to   175  d e g r e e s   F.  a t   t he   e x i t   of  t h e   d i e .   T h u s ,  
t h e  d i e s   n o r m a l l y   r e q u i r e   p r e h e a t i n g ,   and  in  some  i n s t a n c e s  

the  m a t e r i a l   may  r e q u i r e   p r e h e a t i n g .   In  many  i n s t a n c e s ,  
the  d i e s   can  be  h e a t e d   to  the  r e q u i r e d   b o n d i n g   t e m p e r a t u r e  

by  r u n n i n g   some  of  the  m a t e r i a l   to  be  cubed  t h r o u g h   t h e m .  

The  r i s i n g   of  the   t e m p e r a t u r e   o c c u r s   in  the   h i g h  
f r i c t i o n   a r e a   of  t h e   e n t r a n c e   to  t h e   d i e   w i t h   t h e   d i e   a n d  

m a t e r i a l   b e g i n n i n g   to  coo l   down  as  soon  as  the  m a t e r i a l  

p a s s e s   i n t o   the  s m o o t h e r   a r e a   of  the   d ie .   The  h e a t   f r o m  

the   s u r f a c e   m i g r a t e s   i n t o   t he   i n t e r i o r   of  t he   b l o c k   or  c u b e  

of  m a t e r i a l  l o w e r i n g   the  s u r f a c e   t e m p e r a t u r e   to  a  s t a b l e  

t e m p e r a t u r e .   The  s y s t e m   is  t h e r e f o r e   s e l f   s t a b i l i z i n g .  
From  the   above  d e s c r i p t i o n   and  the  a c c o m p a n y i n g  

d r a w i n g s ,   i t   can  be  s e e n   t h a t   we  have   p r o v i d e d   a  new  a n d  

u s e f u l   m e t h o d   and  a p p a r a t u s   for   the  c u b i n g   and  p e l l e t i z i n g  
of  v a r i o u s   m a t e r i a l s   not   h e r e t o f o r e   a b l e   to  be  cubed  o r  

p e l l e t i z e d .   In  a d d i t i o n ,   we  have  p r o v i d e d   a p p a r a t u s   t h a t  

has  long  and  u n u s u a l   d ie   l i f e .   The  d i e s   a re   of  a  
c o n s t r u c t i o n   b o t h   as  to  c o n f i g u r a t i o n   and  m a t e r i a l s   w h i c h  

c o n t r i b u t e   b o t h   the   op t imum  f u n c t i o n i n g   of  the   c u b i n g   a n d  



p e l l e t i z i n g   f u n c t i o n ,   as  w e l l   as  c o n t r i b u t e d   to  a  l ong   a n d  

u s e f u l   l i f e   of  t he   d i e   i t s e l f .  

Whi le   we  have   i l l u s t r a t e d   and  d e s c r i b e d   our  i n v e n t i o n  

by  means  of  s p e c i f i c   e m b o d i m e n t s ,   i t   is  to  be  u n d e r s t o o d  

t h a t   n u m e r o u s   c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  t h e r e i n  

w i t h o u t   d e p a r t i n g   f rom  the   s p i r i t   and  s cope   of  t h e  
i n v e n t i o n   as  d e f i n e d   in  the  a p p e n d e d   c l a i m s .  

Having  d e s c r i b e d   our  i n v e n t i o n ,   we  now  c l a i m :  



1.  An  a p p a r a t u s   for   making  s t a b l e   b l o c k s   f r o m  

f r a g m e n t s   of  o r g a n i c   m a t e r i a l s ,   c o m p r i s i n g :  

means  for   a d j u s t i n g   the   c o n t e n t   of  the  p a r t i c l e s ,  
e x t r u d i n g   means  i n c l u d i n g   a  die  and  means  f o r  

f o r c i n g   s a i d   p a r t i c l e s   i n t o   s a i d   die   at  h igh   p r e s s u r e ,  
and  s a i d   d ie   i n c l u d i n g   h igh   r e s i s t a n c e   means  at  t h e  

e n t r a n c e   t h e r e o f   for   r e s i s t i n g   the   e n t r a n c e   of  s a i d  

m a t e r i a l   i n t o   s a i d   die  fo r   t h e r e b y   r a i s i n g   the  p r e s s u r e  
and  t e m p e r a t u r e   of  at   l e a s t   a  p o r t i o n   of  s a i d   m a t e r i a l  

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

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

s o l e l y   at  the   e n t r a n c e   to  s a i d   d i e .  
3.  The  a p p a r a t u s   of  c l a i m s   1  or  2  w h e r e i n   t h e  

c o a t i n g   c o n s i s t s   e s s e n t i a l l y   of  g r a i n s   of  m a t e r i a l   t a k e n  

from  the   group  c o n s i s t i n g   of  t u n g s t e n   c a r b i d e ,   s i l i c o n  

c a r b i d e ,   vanad ium  c a r b i d e ,   t i t a n i u m   c a r b i d e ,   and  d i a m o n d s  

in  a  m a t r i x   of  b i n d e r   m a t e r i a l .  
4.  The  a p p a r a t u s   of  c l a im   3  i n   which  the   c o a t i n g  

has  a  s m o o t h n e s s   of  the   o r d e r   of  be tween   80  and  160 

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

h a v i n g   a  s m o o t h n e s s   of  be tween   abou t   5  and  20  m i c r o i n c h e s .  
5.  The  a p p a r a t u s   of  c l a i m s   1  to  4  w h e r e i n   s a i d  

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

t o g e t h e r   by  means  of  a  wedge  shaped   web  for   t h e r e b y  

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

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

a  f l a t   f o r w a r d   e n d .  
6.  The  a p p a r a t u s   of  any  of  c l a i m s   1  to  5  w h e r e i n  

h igh   wear  a r e a s   a d j a c e n t   the  e n t r a n c e   to  s a i d   die   a r e  
u n d e r c u t   and  the   u n d e r c u t   f i l l e d   wi th   a  m a t e r i a l   of  h i g h  

wear  r e s i s t a n c e .  

7.  The  a p p a r a t u s   of  any  of  c l a i m s   3  to  6  w h e r e i n  



s a i d   b i n d e r   m a t e r i a l   is  an  a l l o y   t a k e n  f r o m   the  g r o u p  
c o n s i s t i n g   of  n i c k e l ,   chrome,   b o r o n ,   s i l i c o n ,   i r o n ,  
and  c a r b o n ;   n i c k e l ,   chrome  and  bo ron ;   and  t u n g s t e n  
c a r b i d e   p a r t i c l e s   in  a  n i c k e l   a l l o y   m a t r i x .  

8.  A  method  of  f o rming   s t a b l e   b l o c k s   of  o r g a n i c  
m a t e r i a l ,   s a id   method  c o m p r i s i n g   the   s t e p s   o f :  

s e l e c t i n g   a  mass  of  o r g a n i c   m a t e r i a l   in  the   f o r m  
of  m u l t i p l e   p a r t i c l e s ,  

s e l e c t i n g   a  d ie   of  a  d e s i r e d   s h a p e ,  

f o r c i n g   s a i d   mass  of  o r g a n i c   m a t e r i a l   t h r o u g h  
s a i d   die   and  s i m u l t a n e o u s l y   t h e r e w i t h   a p p l y i n g   a  p r e s s u r e  
to  s a i d   mass  of  be tween   4 ,000  and  10,000  pounds  p e r  
s q u a r e   inch   and  r a i s i n g   the  t e m p e r a t u r e   of  at  l e a s t   t h e  

o u t e r   s u r f a c e   of  s a i d   mass  to  be tween   300  and  500  d e g r e e s  
F.  and  m a i n t a i n i n g   s a i d   mass  unde r   p r e s s u r e   and  t e m p e r a t u r e  
fo r   a  p e r i o d   of  t ime  s u f f i c i e n t   to  s t a b i l i z e   s a i d   m a s s  
to  a  s t a b l e   b l o c k .  

9.  The  method  of  c l a i m   18  w h e r e i n   the  m o i s t u r e  
c o n t e n t   of  s a i d   mass  is  a d j u s t e d   be tween   about   10%  a n d  
40%  by  w e i g h t .  

10.  The  method  of  c l a i m s   8  or  9  w h e r e i n  t h e   p e r i o d  
of  t ime  of  p r e s s u r e   and  t e m p e r a t u r e   on  s a id   mass  is  s e l e c t e d  

by  s e l e c t i n g   the  l e n g t h   of  the   d ie   to  have  a  l e n g t h  
of  b e t w e e n   6  and  12  i n c h e s .  
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