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[°y  Comminution  process. 

Comminution  is  carried  out  in  a  mill  with  a  positive 
transport  capability,  upon  a  solid  in  a  mixture  of  a  pasty  or 
cohesive  consistency.  The  efficiency  of  comminution,  in 
terms  of  the  fineness  of  the  powder  produced,  and  of  the 
power  needed  to  produce  it,  is  maximised  by  controlling  the 
amount  of  liquid  in  the  mixture.  The  mixtures  examined  are 
of  coal  in  water,  coal  in  oil,  zinc  in  water,  mica  in  water,  and 
limestone  in  water. 



The  i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r  

c o m m i n u t i n g   a  s o l i d   in  a  m i l l .   The  s o l i d   may  f o r  

e x a m p l e   be  c o a l ,   w h i c h   n e e d s   to   be  c o m m i n u t e d  

b e f o r e   b e i n g   f e d   i n t o   a  s t e a m   b o i l e r .  

When  a  l i q u i d   s u c h   as  w a t e r   i s   a d d e d   t o  

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

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

and  s h a p e   of   t h e   s o l i d   p a r t i c l e s ,   b u t   a l s o   on  t h e  

q u a n t i t y   of  a d d e d   l i q u i d .   When  d r y ,   or   n e a r l y   d r y ,  

t h e   m i x t u r e   f l o w s   e a s i l y   l i k e   a  p o w d e r   when  p o u r e d  

or   o t h e r w i s e   a l l o w e d   to   f a l l ;   when  v e r y   w e t ,   a g a i n  

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

Mos t   m i x t u r e s   h a v e   an  i n t e r m e d i a t e   s t a g e   a t   w h i c h  

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

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

t h e   m i x t u r e   a d h e r e   to   e a c h   o t h e r ,   or   a g g l o m e r a t e ;  

t h e   m i x t u r e   i s   p a s t y ,   in  t h a t   i t   i s   l i k e   a  s o l i d  

to   t h e   e x t e n t   t h a t   i t   i s   c a p a b l e   of   h o l d i n g  

i t s e l f   in  a  s h a p e ,   t h o u g h   l i k e   a  l i q u i d   to   t h e   e x t e n t  

t h a t   i t   ha s   v i r t u a l l y   no  s t r u c t u r a l   s t r e n g t h .   An 



e x a m p l e   of   such   a  m i x t u r e   i s   a  m i x t u r e   of  s a n d   a n d  

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

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

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

o t h e r   in   s u c h   a  m i x t u r e ,   and   t h e   m i x t u r e   i t s e l f   to  b e  

c o h e s i v e .  

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

t i m e   i t   s p e n d s   in   t h e   m i l l   ( t e r m e d   t h e   " r e s i d e n c e   t i m e " )  

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

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

t h e n   g r a v i t y   i s   w h a t   d e t e r m i n e s   how  q u i c k l y   t h e   m i x t u r e  

g o e s   t h r o u g h   t h e   m i l l .   I f   t h e   m i x t u r e   i s   c o h e s i v e   o n  

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

c h a n n e l s   t h a t   move  as   t h e   m i l l   i s   o p e r a t e d ,   t h e  

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

can   be  a l t e r e d .   By  a  c a r e f u l   s e l e c t i o n   of   t h e   s p e e d s  

of   t h e   m i l l ,   and  s i z e   and   r a t e   of   m o v e m e n t   of   t h e  

c h a n n e l ,   a  c o h e s i v e   m i x t u r e   c an   be  c a u s e d   to   r e m a i n  

i n d e f i n i t e l y   in   t h e   m i l l ,   or   to   f e e d   u p w a r d s  

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

a t   a  r a t e   g r e a t e r   t h a n   t h a t   due  p u r e l y   to   g r a v i t y .  

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

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

and  o f   w h a t e v e r   f r i c t i o n a l   or   v i s c u o u s   r e s i s t a n c e s   t o  

m o t i o n   may  be  p r e s e n t .  



For   t h e   p u r p o s e   of   t h i s   s p e c i f i c a t i o n ,   a  

m i l l   t h a t   has   s u c h   a  m o v a b l e   c h a n n e l ,   so  t h a t   i t   i s  

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

to   h a v e   a  t r a n s p o r t   c a p a b i l i t y .   I f   t h e   c h a n n e l s   a r e  

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

a s s i s t   g r a v i t y ,   or   w h a t e v e r   o t h e r   a g e n c y   f e e d s   t h e  

m i x t u r e   i n t o   and  o u t   of   t h e   m i l l ,   to   u r g e   t h e   m i x t u r e  

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

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

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

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

I t   i s   r e c o g n i z e d   in   t h e   i n v e n t i o n   t h a t   a  

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

m i x t u r e s   to   be  m i l l e d   e c o n o m i c a l l y .   W i t h o u t   p o s i t i v e  

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

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

to   e a c h   o t h e r   b u t   to   t h e   m i l l   i t s e l f .   Some  m i x t u r e s  

h o w e v e r ,  s u c h   as  some  f o o d s t u f f s ,   h a v e   in   t h e   p a s t   had  to  b e  

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

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

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

c a p a c i t y - f o r   t h e   m i l l .   By  a n a l o g y   w i t h   t h e   p o s i t i v e  

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

c a p a c i t y   i s   one   in   w h i c h   a  p r e s s u r e   i s   e x e r t e d   on  t h e  

m i x t u r e   to   p u s h   i t ,   or  e v e n   to   s u c k   i t ,   t h r o u g h   t h e   m i l l  

f r o m   i n l e t   to  o u t l e t ,   in   t h e   e v e n t   t h a t   g r a v i t y   i s  

i n e f f e c t i v e   to  do  t h i s .   H o w e v e r ,   t h e   p r o v i s i o n   of   s u c h  

a  p r e s s u r e   c a r r i e s   w i t h   i t   t h e   r e q u i r e m e n t   t h a t   t h e   m i l l  

r e m a i n s   f u l l ,   f o r   no  v o i d s   can   a p p e a r   in   t h e  



m i x t u r e   i f   i t   i s   to   be  f e d   u n d e r   p r e s s u r e .   W h i l s t   i t  

i s   p o s s i b l e ,   and  e c o n o m i c a l ,   to   c o m m i n u t e   i n   t h a t   way  s o m e  

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

o t h e r   m i x t u r e s   ( s u c h   as  c o a l   and  o i l )  

a r e   so  s t i f f   when  c o h e s i v e   t h a t   t h e   p o w e r   c o n s u m p t i o n  

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

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

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

on  m i x t u r e s   t h a t   a r e   so  c o h e s i v e   t h a t   t h e y   w o u l d   n o t  

o t h e r w i s e   move  t h r o u g h   t h e   m i l l   u n l e s s   p r e s s u r i z e d ,   y e t  

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

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

f u l l   of  t h e   m i x t u r e .  

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

t o o   s t i c k y   or  t o o   s t i f f   to   be  moved  by  g r a v i t y ,   by  b a t c h  

c o m m i n u t i o n .   H e r e ,   a  b a t c h   of   t h e   m i x t u r e   i s   p l a c e d   i n  

t h e   m i l l   when  t h e   m i l l   i s   s t a t i o n a r y ,   and  i s   r e m o v e d  f r o m  

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

c o m m i n u t i o n .  

T h u s ,   b a t c h   c o m m i n u t i o n   n e e d s   no  t r a n s p o r t ,  

and  no  f e e d ,   c a p a b i l i t y   in   t h e   m i l l ,   so  t h a t   a g a i n  

t h e   m i l l   n eed   n o t   be  f u l l   d u r i n g   c o m m i n u t i o n .  

B a t c h   c o m m i n u t i o n   i s   h o w e v e r   much  l e s s   e c o n o -  

m i c a l   t h a n   c o n t i n u o u s   c o m m i n u t i o n ,   to   w h i c h   t h e   i n v e n t i o n  

i s   m a i n l y   a p p l i c a b l e .  



I t   i s   f u r t h e r   r e c o n g i z e d   in  t h e   i n v e n t i o n  

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

c a r r i e d   o u t   on  a  m i x t u r e   t h a t   has   a  c o h e s i v e   c o n -  

s i s t e n c y ,   and  when  t h e   c o m m i n u t i o n   i s   c a r r i e d   o u t   in   a  

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

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

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

m i x t u r e .   A c c o r d i n g   to   t h e   i n v e n t i o n ,   i t   i s   p r e f e r r e d  

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

h a v i n g   t h e   l i q u i d   c o n t e n t   t h a t   m a x i m i z e s   t h e   c o m m i n u t i o n  

e f f i c i e n c y .  

In  t h e   i n v e n t i o n ,   t h e   e f f i c i e n c y   of   c o m m i n u t i o n  

t h a t   i s   r e f e r r e d   to   s h o u l d   be  u n d e r s t o o d   as   b e i n g   n o t  

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

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

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

In  t h e   p a r t i c u l a r   c a s e   t h e r e f o r e ,   t h e   m i l l e r  

has   in   mind   a  c r i t e r i o n   by  w h i c h   t h e   e f f i c i e n c y   o r  

e c o n o m y   of  t h e   c o m m i n u t i o n   in   t h a t   c a s e   i s   to   b e  

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

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

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

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

e n c e   on  t h e   c h a n g e   in   p r i c e   of   e l e c t r i c i t y   f r o m   a r e a  

to   a r e a ) ;   s o m e t i m e s ,   as  a n o t h e r   e x a m p l e ,   t h e   c r i t e r i o n  



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

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

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

t h r o u g h p u t   r a t e   of  t h e   s o l i d .  

W h a t e v e r   t h e   c r i t e r i o n   of  e c o n o m y   in   a  

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

e x p e r i m e n t s   a r e   c a r r i e d   o u t   to   m e a s u r e   how  e c o n o m i c a l  

( a c c o r d i n g   to  t h a t   c r i t e r i o n )   t h e   c o m m i n u t i o n   i s  

a t   v a r y i n g   a d d e d   l i q u i d   t h r o u g h p u t s .   I f   t h e   e x p e r i m e n t s  

show  t h a t   t h e r e   i s   a  l i q u i d   t h r o u g h p u t   t h a t   g i v e s   a  

maximum  l e v e l   of  e c o n o m y   ( a c c o r d i n g   to   t h a t   c r i t e r i o n ) ,  

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

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

Of  c o u r s e ,   t h e r e   a r e   f a c t o r s   o t h e r   t h a n   t h e  

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

e f f e c t   on  t h e   e f f i e n c y   of  c o m m i n u t i o n .   I t   i s  

i m p o r t a n t   t h e r e f o r e   to   k e e p   a l l   t h e   o t h e r   f a c t o r s  

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

d u r i n g   t h e   e x p e r i m e n t s .  

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

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

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

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

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

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

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

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



E x p e r i m e n t s   h a v e   shown  t h a t   t he   f i n e n e s s   o f  

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

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

T h i s   e f f e c t   i s   u n e x p e c t e d   in   t h a t  

t h e   e x p e r i m e n t s   show  t h a t   t h e   maximum  f i n e n e s s  

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

m i x t u r e   b e i n g   a t   i t s   m o s t   c o h e s i v e .   The  ( e l e c t r i c a l )  

p o w e r   r e q u i r e d   to   d r i v e   t h e   m i l l   to   c o m m i n u t e   t h e  

s o l i d   v a r i e s   a l s o   w i t h   t h e   a d d e d   l i q u i d   t h r o u g h p u t ,  

b e i n g   a t   a  maximum  when  t h e   m i x t u r e   i s   a t   i t s   m o s t  

c o h e s i v e .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d ,  

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

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

F i g .   1  i s   a  p l a n   of   a  m i l l ;  

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   of  p a r t   of  t h e  

m i l l   of   F i g .   1 ;  

F i g s .   3  to  10  a r e   g r a p h s   s h o w i n g   how  t h e  

v a r i o u s   o r d i n a t e s   a r e   a  f u n c t i o n   of  t he   a m o u n t   o f  

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

t h r o u g h   t h e   m i l l .  

The  m i l l   10  shown  in  F i g s .   1  a n d   2  c o m p r i s e s  

a  h o u s i n g   12  h a v i n g   an  i n n e r   c y l i n d r i c a l   s u r f a c e   1 4 .  

The  h o u s i n g   12  i s   p a r t   of  t h e   f i x e d   f r a m e   ( n o t   s h o w n )  

of  t h e   m i l l   1 0 .  

A  r o t a r y   a s s e m b l y   16  i s   l o c a t e d   i n s i d e   t h e  

h o u s i n g   12.  A  s h a f t   18  i s   d r i v e n   by  a  m o t o r   ( n o t  

s h o w n ) ,   and  r u n s   in  b e a r i n g   20  h o u s e d   in  t h e   f i x e d  



f r a m e .   Keyed   to   t h e   s h a f t   18  a r e   d r i v e   p l a t e s   2 2 .  

M o u n t e d   b e t w e e n   t h e   d r i v e   p l a t e s   22  a r e   t h r e e   r o l l e r s  

24,   w h i c h   can   r o t a t e   f r e e l y   w i t h   r e s p e c t   to   t h e   p l a t e s  

22  a b o u t   a x e s   p a r a l l e l   to   t h e   s h a f t   1 8 .  

When  t h e   s h a f t   18  i s   r o t a t e d ,   t h e   p l a t e s   2 2  

r o t a t e   in   u n i s o n   w i t h   i t ,   and  t h e   r o l l e r s   24  r o l l  

a r o u n d   t h e   s u r f a c e   14  of   t h e   h o u s i n g   12.   The  r o l l e r s  

24  r u n   on  a x l e s   26  w h i c h   a r e   f l e x i b l e   in   some  d e g r e e ,  

so  t h a t   t h e   f o r c e   w i t h   w h i c h   t h e   r o l l e r s   24  p r e s s  

a g a i n s t   t h e   s u r f a c e   14  i s   l a r g e l y   t h e   c e n t r i f u g a l  

f o r c e   due   t o   t h e   r o t a t i o n   of  t h e   r o t a r y   a s s e m b l y   1 6 .  

F r i c t i o n   a t   t h e   p o i n t   of   c o n t a c t   b e t w e e n   t h e   r o l l e r  

24  and   t h e   s u r f a c e   14  m e a n s   t h a t   t h e r e   i s   s u b s t a n t i a l l y  

no  s l i p p i n g   a t   t h a t   p o i n t ,   and  t h e   r o l l e r   24  a c c o r d i n g l y  

r o t a t e s   in   t h e   o p p o s i t e   s e n s e   t o   t h e   s h a f t   1 8 .  

To  o p e r a t e   t h e   m i l l ,   t h e   m i l l   10  i s   m o u n t e d  

w i t h   t h e   s h a f t   18  v e r t i c a l ,   and  t h e   s o l i d   to   be  m i l l e d  

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

22A  o f   t h e   d r i v e   p l a t e s   22,   f r o m   a  v i b r a t o r y   h o p p e r  

( n o t   shown)   or  o t h e r   s u i t a b l e   f e e d   d e v i c e .   T h e  

l i q u i d   i s   c o n v e y e d   t h r o u g h   a  p i p e   ( n o t   shown)  a l s o   i n t o  

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

a n n u l a r   gap  28  b e t w e e n   t h e   p l a t e   22A  and  t h e   s u r f a c e  

14;   i s   m i l l e d   by  t h e   r o l l e r s   24  a g a i n s t   t h e   s u r f a c e  

14  as   i t   p a s s e s   down  t h r o u g h   t h e   m i l l ;   and  f i n a l l y  

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

b o t t o m   p l a t e   22B  and  t h e   s u r f a c e   14.   The  m i l l e d  

m i x t u r e   i s   c o l l e c t e d   in  a  h o p p e r   ( n o t   shown)   or   o t h e r  



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

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

as  c a l l e d   f o r   in   t h e   i n v e n t i o n ,   in   t h a t   t h e   r o l l e r s   24  

a r e   e a c h   f o r m e d   w i t h   a  h e l i c a l   g r o o v e   30,  c o m p r i s i n g  

a  t r a n s p o r t   c h a n n e l .   When  t h e   r o t a r y   a s s e m b l y   16  

r o t a t e s ,   t h e   g r o o v e s   30  w i l l   t e n d   to   t r a n s p o r t   t h e  

s u b s t a n c e   in   t h e   m i l l   e i t h e r   up  or   down  d e p e n d i n g   o n  

t h e   d i r e c t i o n   of  r o t a t i o n   of   t h e   a s s e m b l y   16.  A  n u m b e r  

of   f a c t o r s   i n f l u e n c e   t h e   e x t e n t   to   w h i c h   t h e   g r o o v e s  

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

The  f i r s t   f a c t o r   i s   t h e   c o n s i s t e n c y   of   t h e  

s u b s t a n c e .   B o t h   g r a v i t y ,   and  t h e   g r o o v e s   can   h a v e   a n  

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

t h e   m i l l .   I f   t h e   m i x t u r e   i s   v e r y   d r y ,   t h e n   m o s t  

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

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

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

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

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

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

t h e   m a t e r i a l   i s   d r y .   E q u a l l y ,   i f   t h e   m i x t u r e   i s   v e r y  

w e t ,   in  t h a t   i t   i s   of  a  v e r y   t h i n   and  r u n n y   c o n s i s t e n c y ,  

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

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

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

s t i c k y ,   c o h e s i v e   m i x t u r e ,   t h e   m i x t u r e   can   s u p p o r t  

i t s e l f   to   a  c e r t a i n   d e g r e e ,   and  t h e   g r o o v e s   can   n o w  

be  e x t r e m e l y   e f f e c t i v e   in  s e t t i n g   t h e   r e s i d e n c e   t i m e  



t h a t   t he   m i x t u r e   s p e n d s   i n   t h e   m i l l .  

Once  t h e   c o n s i s t e n c y   of  t h e   m i x t u r e   i s   s u c h  

t h a t   i t s   r e s i d e n c e   t i m e   i s   d e p e n d e n t   on  t h e   p r e s e n c e  

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

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

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

p i t c h   of  t h e   h e l i x ,   t h e   f l a n k   a n g l e   of   t h e   s i d e s   o f  

t h e   g r o o v e s ,   t h e   d i a m e t e r s   of   t h e   r o l l e r s   and  of   t h e  

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

a n d   s h a f t .  

I f   t h e   m i x t u r e   w e r e   too   we t   or  t o o   d r y ,   i t  

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

v e r y   e f f e c t i v e l y .   I f   i t   w e r e   too   c o h e s i v e   t h e n   w i t h o u t  

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

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

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

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

c r e a t e   t h e   p o s i t i v e   t r a n s p o r t   e f f e c t ,   t h e y   do  n o t   b e c o m e  

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

e n o u g h   t h a t   c e n t r i f u g a l _ f o r c e   f l i n g s   t h e   m a t e r i a l   o u t   o f  

t h e   g r o o v e ,   to   e m p t y   t h e   g r o o v e   a t   l e a s t   p a r t i a l l y .  

Thus   t he   m a t e r i a l   i n   t h e   g r o o v e   i s   c o n s t a n t l y   c h a n g i n g .  

I f   t h e   m i x t u r e   i s   e x t r e m e l y   c o h e s i v e ,   i t   may  be  t h a t  

t h e   g r o o v e   i s   so  a r r a n g e d   t h a t   i t   c a n n o t   be  e m p t i e d   a t   a l l :  

when  t he   g r o o v e   on  t h e   r o l l e r   r o l l s   o v e r   a  p o i n t   on  t h e  



w a l l   on  t h e   h o u s i n g   t h e   m i x t u r e   i s   p a c k e d   so  t i g h t l y  

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

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

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

be  p a c k e d   e v e n   t i g h t e r .   I t   i s   n e c e s s a r y   in   s u c h   a n  

e v e n t   to  i n c r e a s e   t h e   s i z e   of   t h e   g r o o v e ,   o r   to   p r o v i d e  

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

The  p o s i t i v e   t r a n s p o r t   f e a t u r e   in   t h e  

k i n d   of   m i l l   i l l u s t r a t e d   in   F i g s .   1  and  2  may  b e  

r e g a r d e d   as   an  a x i a l   s c r e w   c o n v e y i n g   c a p a b i l i t y .   I n  

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

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

r e q u i r e s   t h e   p r e s e n c e   in   t h e   m i l l   of   a  c h a n n e l   w h i c h  

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

to   h o l d   t h e   m i x t u r e   in  t h e   m i l l   f o r   a  l o n g e r   o r  

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

of   t h e   t r a v e l i n g   c h a n n e l .  



T u r n i n g   now  to   t h e   m a n n e r   of   u s e   of   t h e   m i l l  

in  t h e   p r o c e s s   of   t h e   i n v e n t i o n ,   an  e x p e r i m e n t   i s   f i r s t  

c a r r i e d   o u t   as  f o l l o w s .   A  g i v e n   q u a n t i t y   of   t h e   s o l i d  

t h a t   i s   t o   be  m i l l e d   i s   p a s s e d   t h r o u g h   t h e   m i l l   in   a  

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

r o t a t i o n   of   t h e   m i l l ,   and  t h e   a m o u n t   of  e l e c t r i c i t y  

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

n o t e d .   The  m i l l e d   s o l i d   i s   c o l l e c t e d   and  m e a s u r e m e n t s  

t a k e n   of   t h e   p a r t i c l e   s i z e   p r e v a i l i n g   in   t h e   s u b s t a n c e s .  

The  e x p e r i m e n t   i s   r e p e a t e d ,   b u t   t h i s   t i m e   a  

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

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

t h e   same  as  b e f o r e ,   so  t h a t   t h e   t o t a l   a g g r e g a t e   q u a n t i t y  

of  b o t h   s o l i d   a n d  l i q u i d   p a s s i n g   t h r o u g h   t h e   m i l l   i s  

i n c r e a s e d   by  t h e   a d d e d   q u a n t i t y   of  l i q u i d .   A g a i n ,   t h e  

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

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

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

more   and  m o r e   l i q u i d   i s   a d d e d   t o   t h e   s o l i d   t h a t   i s   t o  

be  m i l l e d .  



F i g s .   3  and  4  a r e   g r a p h s   s h o w i n g   t h e   r e s u l t s  

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

c a r r i e d   o u t   on  a  m i x t u r e   of  c o a l   and   w a t e r .   T h e  

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

t h r o u g h o u t   t h e   e x p e r i m e n t s ,   and  was  720  k g / h r .   T h e  

s h a f t   was  d r i v e n   a t   a  s p e e d   of  1250  rpm.   In  F i g .   3 ,  

t h e   v e r t i c a l   s c a l e   i s   t h e   p r o p o r t i o n ,   e x p r e s s e d   as  a  

p e r c e n t a g e ,   of   t h e   720  k g / h r .   t h r o u g h p u t   of  c o a l   t h a t  

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

a  p r e d e t e r m i n e d   s i z e ,   w h i c h   in   t h e   c a s e   of   c u r v e   A  w a s  

a  100  m e s h ;   c u r v e   B,  200  m e s h ;   and  c u r v e   C,  325  m e s h .  

In  F i g .   4  t h e   v e r t i c a l  s c a l e   i s   t h e   m e a s u r e d   p o w e r   c o n -  

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

I t   can   be  s e e n   f rom  F i g .   3  t h a t   t h e   f i n e n e s s  

of   t h e   m i l l e d   c o a l   i s   a t   a  maximum  when  t h e   t h r o u g h p u t  

of   c o a l   ( i . e .   t h e   720  k g / h r .   m e n t i o n e d   a b o v e )   was  s u p -  

p l e m e n t e d   by  a  t h r o u g h p u t   of  j u s t   u n d e r   4 0 % .  

S u c h   a  g r a p h   as  F i g .   3  n a t u r a l l y   may  be  d r a w n  

f o r   any   m i x t u r e s   of   s o l i d s   and  l i q u i d s .   I t   i s   r e c o g -  

n i z e d   in   t h e   i n v e n t i o n   t h a t   i f   t h e   g r a p h   e x e m p l i f i e d  

by  F i g .   3  s h o u l d   d i s p l a y   s u c h   a  maximum  as  i s   d i s -  

p l a y e d   by  F i g .   3.,  t h e n   t h a t   maximum  i s   u s e f u l   in   d e t e r -  

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

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

t h a t   i s ,   as  d e t e r m i n e d   by  t h e   p r e v a i l i n g   f i n e n e s s   o f  

a  g i v e n   t h r o u g h p u t .  



The  m i x t u r e s   on  w h i c h   t h e   e x p e r i m e n t s   h a v e  

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

s u c h   a  maximum  as  t h a t   e x e m p l i f i e d   by  F i g .   3.  T h e  

m i x t u r e s   w e r e :   c o a l   p l u s   w a t e r   (as   d e s c r i b e d   a b o v e ) ;  

c o a l   p l u s   o i l ;   m i c a   p l u s   w a t e r ;   z i n c   p l u s   w a t e r ;   a n d  

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

w h i c h   t h e   maximum  s o l i d   f i n e n e s s   i s   p r o d u c e d   was  f o u n d  

to   v a r y ,   in   a  s o m e w h a t   u n p r e d i c t a b l e - w a y .   F i g .   6  s h o w s  

t h e   c o r r e s p o n d i n g   g r a p h   to   F i g .   3  f o r   t h e   m i x t u r e   o f  

l i m e s t o n e   and  w a t e r ,   f r o m   w h i c h   i t   can   be  s e e n   t h a t   t h e  

p o s i t i o n   of  t he   max imum,   and   t h e   p r o f i l e   of   t h e   g r a p h  

a t  t h e   maximum, may  e v e n   v a r y   w i t h   t h e   l e v e l   of   f i n e n e s s  

t h a t   was  c h o s e n   as  a  m e a s u r e .   The  u p p e r   c u r v e   A,  i s  

t h a t   f o r   100  m e s h ,   or  150  m i c r o n s ;   t h e   m i d d l e ,   B,  i s  

t h a t   f o r   200  mesh ,   or   75  m i c r o n s ;   and  t h e   l o w e r   C,  i s  

t h a t   f o r   325  m e s h ,   or  45  m i c r o n s .   The  m i x t u r e   c o n s i s t -  

e n c y   n e e d e d   to  p r o d u c e   t h e   maximum  f i n e n e s s   t h e r e f o r e  

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

r a t e ,   t h e   c o n f i g u r a t i o n   of  t h e   h e l i x ,   and  so  on ,   b u t   a l s o  

on  t h e   a c t u a l   m e a s u r e   of   t h e   f i n e n e s s   i t s e l f .  

I t   was  f o u n d   i n   t h e   e x p e r i m e n t s   w i t h   z i n c   a n d  

w a t e r   t h a t   when  v e r y   d r y ,   m i l l e d   p a r t i c l e s   of   z i n c   t e n d  

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

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

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



p o s i t i o n   o f   t h e   maximum  on  t h e   g r a p h   s u c h   as  t h a t   o f  

F i g .   3,  b u t   as  p o i n t e d   o u t   i t   i s   t h e   f a c t   o f   t h e  

p r e s e n c e   o f   t h e   maximum  t h a t ,   as  i s   r e c o g n i z e d   in  t h e  

i n v e n t i o n ,   i s   u s e f u l .  

F i g s .   9  a n d - 1 0  a r e   t h e   c o r r e s p o n d i n g   g r a p h s   t o  

F i g s .   3  and  5,  when  t h e   f e e d   r a t e   of  t h e   c o a l   i s   i n c r e a s e d  

to   1200  k g / h r .   t h r o u g h   t h e   m i l l .   The  s i z e   and   p o s i t i o n s  

of   t h e   v a r i o u s   p e a k s   c an   be  s e e n   to   h a v e   a l t e r e d ,   i n d i c a t i n g  

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

l i q u i d   c o n t e n t   on  t h e   e f f i c i e n c y .  

As  can   be  s e e n   f rom  F i g .   4,  t h e   g r a p h   of   t h e  

e l e c t r i c   p o w e r   u s e d   by  t h e   m i l l   a l s o   d i s p l a y s   a  m a x i -  

mum,  in   d e p e n d e n c e   on  t h e   q u a n t i t y   of  a d d e d   l i q u i d .  

A g a i n ,   f r o m   t h e   e x p e r i m e n t s ,   t h e   maximum  p o w e r   w a s  

a s s o c i a t e d   w i t h   t h e   maximum  c o h e s i v e n e s s   o f   t h e   m i x t u r e .  

The  w i d t h   of   t h e   maximum  on  t h e   g r a p h   o f  

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

w i d t h   of   t h e   maximum  on  t h e   g r a p h   of  f i n e n e s s   a g a i n s t  

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

of   F i g .   4  i s   n a r r o w e r   t h a n   t h e   f i n e n e s s   p e a k   of   F i g .  

3.  Not   o n l y   i s   t h e   e f f i c i e n c y   of  m i l l i n g   to   be  m e a s u r e d  

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

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

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

I t   i s   r e c o g n i z e d   in   t h e   i n v e n t i o n   t h a t   b e c a u s e   of  t h e  

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

move  s l i g h t l y   away  f r o m   t h e   p e a k s :   t h i s   w i l l   p r o d u c e  

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

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



The  g r a p h   o f   F i g .   5  i l l u s t r a t e s   t h i s   e f f e c t .  

The  g r a p h   i s   a  d e r i v a t i o n   f r o m   F i g s .   3  and  4;  a  p o i n t  

on  t h e   F i g .   5  g r a p h   was  f o u n d   by  d i v i d i n g   t h e   v a l u e s  

a t   t h e   l i q u i d   c o n t e n t   on  t h e   F i g .   3  g r a p h   f rom  t h e  

c o r r e s p o n d i n g   v a l u e s   f r o m   t h e   F i g .   4  g r a p h .   A 

p e a k   on  t h i s   d e r i v e d   g r a p h   t h e r e f o r e   r e p r e s e n t s   a n  

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

f i n e n e s s ,   i n s o f a r   as  t h e s e   t h i n g s   d e p e n d   upon   t h e  

c o n s i s t e n c y   of  t h e   m i x t u r e .   As  w o u l d   be  e x p e c t e d ,  

f rom  an  i n s p e c t i o n   of   F i g s .   3  and   4,  t h e   g r a p h   o f  

F i g .   5  h a s   two  p e a k s .   I t   i s   p r e f e r a b l e   to   s e t   t h e  

m i x t u r e   s t r e n g t h   to   t h a t   of   t h e   r i g h t   h a n d   p e a k   o f  

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

( f o r   t h a t   may  n o t   be  t h e   c a s e   f o r   a l l   m i x t u r e s   a n d  

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

w i d e r ,   and  t h e   w i d e r   t h e   p e a k   t h e   more   f l e x i b l e   t h e  

c o n t r o l   m e a n s   can   be  f o r   k e e p i n g   t h e   l i q u i d   c o n t e n t  

a t   a  v a l u e   t h a t   g i v e s   t h e   p e a k   e f f i c i e n c y .   F u r t h e r m o r e ,  

even   t h o u g h   t h e   p e a k   of  F i g .   5  o c c u r s   a t   a  m i x t u r e  

s t r e n g t h   of  a b o u t   50%  a d d e d   w a t e r   t h r o u g h p u t ,   i t   w i l l  

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

as  t h e   w a t e r   c o n t e n t   i s   i n c r e a s e d .   T h e r e   i s   a n  

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

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

e a s i l y   t h e   w e t t e r   t h e   m i x t u r e .   On  t h e   o t h e r   h a n d ,   b e c a u s e  

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

i n t o   t h e   b o i l e r ,   or   w i l l   e v a p o r a t e   in   t h e   b o i l e r ,   t h e   m i x t u r e  

s h o u l d   n o t   b e  t o o   w e t .   I t   was  f o u n d   t h a t   b e y o n d   a b o u t   a  70% 

m i x t u r e   s t r e n g t h ,   t h e   b e n e f i t s   of   i n c r e a s i n g   t h e   w a t e r  



c o n t e n t   s t i l l   f u r t h e r   w e r e   n o t   w o r t h   t h e   e x p e n s e  

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

e f f i c i e n c y   a t   s t r e n g t h s   a b o v e   70%  i s   s t a r t i n g   to   b e  

s i g n i f i c a n t l y   l e s s   t h a n   t h a t   a t   50%.  I f   t h e   g r o o v e s   a r e  

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

w a t e r   c o n t e n t   may  be  as  low  as  40%.  Be low  t h a t ,   t h e  

e f f i c i e n c y   e n t e r s   t h e   t r o u g h   on  t h e   F i g .   5  c u r v e ,   a n d  

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

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

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

i s   t h e   r a n g e   f r o m   30%  to  60%  a d d e d   l i q u i d .  

As  m e n t i o n e d   a b o v e ,   t h e   m i x t u r e s   t e s t e d   a l l  

d i s p l a y e d   t h e   same  c h a r a c t e r i s t i c s   of   h a v i n g   a  

maximum  on  b o t h   t h e   f i n e n e s s   and   t h e   p o w e r   g r a p h s .  

The  h e i g h t s   of   t h e  p e a k s   and  t h e i r   p o s i t i o n s   v a r i e d  

h o w e v e r .   F i g s .   7  and  8  a r e   e x a m p l e s   t h a t   show  t h e   p o w e r  

and  d e r i v e d   g r a p h s ,   c o r r e s p o n d i n g   to  F i g s .   4  and  5 

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

in  F i g .   6 .  

The  l i q u i d   and  s o l i d   t h a t   make  up  t h e   m i x t u r e  

t h a t   i s   to   be  c o m m i n u t e d   m a y  o r   may  n o t   be  p r e - m i x e d  

b e f o r e   b e i n g   f e d   i n t o   t h e   m i l l .   I f   t h e   s o l i d   h a s  

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

as  c o a l   o f t e n   h a s ,   i t   may  be  p r e f e r a b l e   to   add  s o m e  

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

t h e   d u s t   i s   e x p l o s i v e )   b e f o r e   f e e d i n g   t he   s o l i d   to   t h e  

m i l l .   H o w e v e r ,   t h e   more   c o h e s i v e   t h e   m i x t u r e ,   t h e  

more   i t   t e n d s   to   c l o g   t h e   c o n v e y o r s   and  c o n d u i t s ,   s o  

i t   i s   u s u a l l y   p r e f e r a b l e   to   f e e d   d r y   s o l i d   and  p u r e  

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



t h e   m i x i n g   t a k e   p l a c e   a c t u a l l y   in   t h e   m i l l .  

R e f e r e n c e   has   b e e n   made  to   t h e   m i l l   b e i n g   in   t h e  

v e r t i c a l   p o s i t i o n .   H o w e v e r ,   i t   i s   p o s s i b l e   f o r   t h e  

m i l l   to  be  o r i e n t a t e d   in  some  o t h e r   p l a n e ;   h o r i z o n t a l  

f o r   e x a m p l e .   The  e f f e c t s   of  g r a v i t y   c l e a r l y   a r e   n o t  

t h e   same  in   a  h o r i z o n t a l   m i l l   as  in   a  v e r t i c a l   m i l l .  

H o w e v e r ,   e v e n   a  h o r i z o n t a l l y   o r i e n t a t e d   m i l l   can  r e l y  

p u r e l y   on  g r a v i t y   to   c a u s e   a  t h r o u g h p u t   of  a  m i x t u r e  

to   t r a v e r s e   t h r o u g h   t h e   m i l l :   a  " h e a d "   of  m i x t u r e   m a y  

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

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

S i m i l a r l y ,   t h e   m i l l   may  be  t i p p e d   a t   v a r y i n g   a n g l e s  

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

p u t   r a t e .  

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

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

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

to   be  pumped   e a s i l y .   M i x t u r e s   o f   c o a l   and  w a t e r ,   or  c o a l   ; 

and  o i l ,   may  be  pumped   a t   a l l   b u t   t h e   m o s t   c o h e s i v e  

c o n s i s t e n c i e s .   : 

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

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

maximum  e f f i c i e n c y   can   be  d e t e r m i n e d   f rom  t h e   g r a p h s ,  

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

or   in   t e r m s   o f   t h a t   f i n e n e s s   as  c o m p r o m i s e d   by  t h e   p o w e r  



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

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

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

to  be  a d d e d   in   t h e   m i x t u r e ,   p r o d u c t i o n - s c a l e   c o m m i n u t i o n  

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

b e i n g   s e t   up  to   k e e p   t h e   q u a n t i t y   c o n s t a n t .  

Not   e v e r y   m i x t u r e   d i s p l a y s   a  maximum  when  a  

g r a p h   i s   p l o t t e d   of  t h e   e f f e c t   of   a d d e d   l i q u i d   t h r o u g h -  

p u t   on  t h e   c o m m i n u t i o n   e f f i c i e n c y ,   and  t h e   p r o c e s s   o f   t h e  

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

O r e s   and  m i n e r a l s   w i l l   d i s p l a y  

s u c h   a  maximum  when  c o m m i n u t e d   w i t h   w a t e r   or   w i t h  

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

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

m a x i m u m .  

H o w e v e r ,   many  f o o d s t u f f s   s u c h   as  o i l s e e d s  

c o n t a i n   an  o i l y   l i q u i d   c o n t a i n e d   in   a  c e l l u l a r   s o l i d  

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

w a l l s   a r e   b r o k e n   by  m i l l i n g .   T h e s e   s u b s t a n c e s   may  n o t  

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

t hem  on  w h a t   may  be  t e r m e d   t h e   " w e t   s i d e "   of   a  p o t e n t i a l  

maximum.   In  o t h e r   w o r d s ,   a  maximum  m i g h t   p o s s i b l y   b e  

made  to   a p p e a r   i f   t h e   m i x t u r e   had   l i q u i d   r e m o v e d   f r o m  

i t   r a t h e r   t h a n   a d d e d   to   i t ,   b e f o r e   c o m m i n u t i o n ,   b u t  

t h a t   may  be  q u i t e   u n e c o n o m i c a l .   But   i f   t h e   m a t e r i a l  

i s   d r i e d   b e f o r e   c o m m i n u t i o n ,   or   i f   i t   i s   f r o z e n ,   t h e n  

t h e   i n v e n t i o n   may  come  to   be  a p p l i c a b l e ,   i f   t h e   m a x i m u m  

is   d i s p l a y e d .   S u b s t a n c e s   s u c h   as  r u b b e r s   or   r e s i n s   t e n d  



: t o   be  v e r y   d i f f i c u l t   to   c o m m i n u t e   a l s o ,   u n l e s s   f r o z e n   b e f o r e -  

h a n d .  

O t h e r   s u b s t a n c e s   when  c o m m i n u t e d   t e n d   to  l i q u i d i z e  

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

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

in  t he   l i q u i d .   Some  s u b s t a n c e s   h a v e   to   be  m i l l e d   w i t h   a  

l i q u i d   c o n t e n t   t h a t   makes   t h e   m i x t u r e   t o o   w e t   to   be  c o h e s i v e .  

Some  p a i n t s ,   f o r   e x a m p l e ,   a r e   in   t h i s   c a t e g o r y .   Some  o f  

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

be  made  c o h e s i v e   w i t h o u t   t h e i r   p r o p e r t i e s   b e i n g   a l t e r e d ,  

and  so  can   b e n e f i t   f r o m   t h e   i n v e n t i o n .  

Some  s u b s t a n c e s   t h a t   r e q u i r e   c o m m i n u t i o n   w i l l  

d i s s o l v e   i n   w a t e r ,   o r   in   o t h e r   c h e a p   l i q u i d s   (many  f e r t i l i -  

z e r s  f o r   i n s t a n c e )   so  t h a t   w i t h   them  t h e   i n v e n t i o n   i s   o f  

no  b e n e f i t .   O t h e r   m a t e r i a l s ,   s u c h   as  c e m e n t ,   m u s t   be  c o m -  

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

t h e y   b e c o m e   w e t .  

The  n a t u r e   of  t h e   l i q u i d   c a n   h a v e   an  e f f e c t   o n  

t h e   maximum,   b o t h   on  t h e   " p e a k i n e s s "   o f   t h e   maximum,   a n d  

on  i t s   p o s i t i o n .   Fo r   e x a m p l e ,   o i l   t e n d s   to  s o a k   i n t o   t h e  

p o r e s   of   c o a l   to   a  l e s s   e x t e n t   t h a n   d o e s   w a t e r .   T h e r e f o r e ,  

l e s s   o i l   n e e d   be  a d d e d   to   t h e   c o a l   t h a n   w a t e r   to  p r o d u c e  -  

the   maximum.   The  o t h e r   c a r b o n   p r o d u c t s ,   s u c h   as  c o k e ,  

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

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

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

m e t h a n o l   and   e t h a n o l   or  in   any  m i x t u r e   o f   o i l ,   w a t e r ,   a n d  

a l c o h o l .  



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

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

t h i x o t r o p i c ,   w h i c h   can   a f f e c t   t h e   p e a k i n e s s   and  p o s i t i o n   o f  

t h e   m a x i m u m .  



1.  A  p r o c e s s   f o r   c o m m i n u t i n g   a  s o l i d   in   a  m i l l ,  

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

in  s u c h   p r o p o r t i o n s   t h a t   t h e   m i x t u r e   has   a  c o h e s i v e  

c o n s i s t e n c y ;  

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

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

f rom  t h e   i n l e t   to   t h e   o u t l e t .  

2.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1,  f u r t h e r   c o m -  

p r i s i n g   t h e   s t e p s   of   a s c e r t a i n i n g   by  e x p e r i m e n t   on  t h e  

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

as  a  f u n c t i o n   of   t h e   p r o p o r t i o n   o f   l i q u i d   a d d e d   t o   t h e  

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

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

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

3.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   2  w h e r e i n   t h e  

q u a n t i t y   of  l i q u i d   i s   s u b s t a n t i a l l y   t h a t   q u a n t i t y   w h i c h  

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

p a s s i n g   a  mesh   o f   a  g i v e n   s i z e .  

4.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   2  w h e r e i n   t h e  

q u a n t i t y   of  l i q u i d   i s   s u b s t a n t i a l l y   t h a t   q u a n t i t y   f o r  

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

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

s o l i d   p a s s i n g   a  mesh   of   a  g i v e n   s i z e   d i v i d e d   by  t h e   p o w e r  

r e q u i r e d   to  o p e r a t e   t h e   m i l l   i s   a t   a  m a x i m u m .  



5.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  2,  3  o r   4 ,  

w h e r e i n   t h e   s o l i d   i s   c o a l ,   and   t h e   l i q u i d   i s   w a t e r .  

6.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  2,  3  o r   4 

w h e r e i n   t h e   s o l i d   i s   c o a l ,   and   t h e   l i q u i d   i s   o i l .  

7.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  2,  3  o r   4 ,  

w h e r e i n   t h e   s o l i d   i s   z i n c ,   and   t h e   l i q u i d   i s   w a t e r .  

8.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  2,  3,  o r  

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

9.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   1,  2,  3,  o r   4 

w h e r e i n   t h e   s o l i d   i s   l i m e s t o n e ,   and   t h e   l i q u i d   i s   w a t e r .  

10 .   A  p r o c e s s   as  c l a i m e d   in   c l a i m   5,  w h e r e i n   t h e  

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

40.%  t o   70%  o f   t h e   mass   t h r o u g h p u t   of  t h e   c o a l .  

11 .   A  p r o c e s s   as  c l a i m e d   in   c l a i m   6,  w h e r e i n   t h e  

q u a n t i t y   of   o i l   a d d e d   to   t h e   c o a l   i s   s u b s t a n t i a l l y  

30%  t o   60%  of   t h e   m a s s   t h r o u g h p u t   of  t h e   c o a l .  
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