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Apparatus  for  and  method  of  obtaining  a  comminuted  product  from  a  solid  feed  material. 
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@  An  apparatus  for  obtaining  a  comminuted  "fines" 
product  from  a  solid  feed  material,  a  large  proportion  of  the 
particles  of  which  are  greater  than  1  cm,  comprises  a  hous- 
ing  having  a  lower  region  forming  a  crusher  (10)  and  an 
upper  region  forming  a  classifier  (11).  There  is  an  inlet  for 
the  solid  feed  material  leading  to  a  hopper  (22)  from  whence 
feed  material  passes  to  a  rotor  (13)  which  causes  the  materi- 
al  to  be  flung  centrifugally  outwards  in  the  crushing  cham- 
ber  (23)  where  it  is  comminuted.  As  a  result  of  movement 
of  the  rotor,  there  is  a  predominantly  upward  air  flow  (F) 
from  the  crushing  chamber  (23)  to  the  classifier  (11).  This  air 
flow  entrains  a  high  proportion  of  "fines"  which  can  be 
classified,  in  the  classifier  (11)  using  vanes  (21),  and  collect- 
ed. 

The  apparatus  is  capable  of  producing  an  output 
product  having  a  very  high  proportion  of  "fines"  from  even 
very  abrasive  feed  material  with  particles  of  a  size  up  to 
5  cm. 
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T h i s   i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s   f o r   a n d  

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

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

T h e r e   i s   known  a  w ide   v a r i e t y   of  a p p a r a t u s   f o r  

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

of  such   a p p a r a t u s   a r e   d e s c r i b e d ,   f o r   e x a m p l e ,   a t  

p a g e s   8-16  t o   8 - 4 4   of  t h e   5 t h   e d i t i o n   of  " C h e m i c a l  

E n g i n e e r s '   H a n d b o o k "   e d i t e d   by  R.H.   P e r r y   and  C . H .  

C h i l t o n   and  p u b l i s h e d   by  M c G r a w - H i l l   Book  C o m p a n y  

in  1973 .   F u r t h e r   i n f o r m a t i o n   i s   to   be  f o u n d ,   f o r  

e x a m p l e ,   in  t h e   book   " C r u s h i n g   and  G r i n d i n g  -   T h e  

S i z e   R e d u c t i o n   of  S o l i d   M a t e r i a l s "   by  G.C.  L o w r i n s o n  

and  p u b l i s h e d   by  B u t t e r w o r t h s   in  1 9 7 4 .  

I t   is   g e n e r a l l y   a c c e p t e d   t h a t   in  o r d e r   to  o b t a i n  

f rom  a  f e e d   m a t e r i a l   l a r g e r   t h a n   1cm  in  s i z e   a  p r o d u c t  

s m a l l e r   t h a n   150pm  i t   i s   n e c e s s a r y   to   use   a  s u c c e s s i o n  

of  p i e c e s   of  e q u i p m e n t   i n c l u d i n g :   one  or  more  c r u s h e r s  

f o l l o w e d   by  a  g r i n d i n g   m i l l   f o r   s u c c e s s i v e l y   r e d u c i n g  

p a r t i c l e   s i z e ;   and   a  s e p a r a t o r   or  c l a s s i f i e r   w h e r e i n  

f i n a l   c l a s s i f i c a t i o n   of  t h e   p a r t i c l e s   i s   u n d e r t a k e n .  
B r i t i s h   P a t e n t   S p e c i f i c a t i o n s N o s .   6 4 5 , 6 7 3 ,   5 2 2 , 3 3 9  

and  3 8 6 , 6 9 8   d i s c l o s e   e x a m p l e s   of  m e t h o d s   and  a p p a r a t u s  
f o r   f i n e   g r i n d i n g   w h e r e   a  f e e d   m a t e r i a l   w i t h   a  

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

l e s s   t h a n   1cm,  i s   g r o u n d   down  to  p r o d u c e   a  f i n e s  



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

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

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

g r i n d i n g   r i n g s   o r   g r i n d i n g   b o d i e s .   The  c o n s t r u c t i o n  

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

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

a b o u t   1cm)  n o r   can   t h e y   ope ra t e   e conomica l l y   with highly abrasive 

m a t e r i a l s   due  to   t h e   w e a r   and  t e a r   w h i c h   w o u l d   r e s u l t  

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

B r i t i s h   P a t e n t   S p e c i f i c a t i o n s   Nos.   1 , 5 7 9 , 2 9 5  

and  1 , 5 3 1 , 2 5 4   d i s c l o s e   e x a m p l e s   of  c r u s h i n g   a p p a r a t u s  

w h i c h   u s e   two  c o u n t e r - r o t a t i n g   c o m p o n e n t s   to  c r u s h  

m a t e r i a l   by  c o n t a c t   of  t h e   m a t e r i a l  w i t h   t h e s e   c o m p o n -  

e n t s .   P r o b l e m s   o f t e n   a r i s e   w h e r e   c o u n t e r - r o t a t i n g  

c o m p o n e n t s   a r e   u s e d   due  to  g y r o s c o p i c   e f f e c t s .  

In  a d d i t i o n ,   t h e   c o m p o n e n t s   a r e   s u b j e c t   to  a  

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

a t t e n t i o n   and  m a i n t e n a n c e .   One  way  of  a t t e m p t i n g  

to  r e d u c e   s u c h   e r o s i o n   i s   d i s c l o s e d   in   U n i t e d   S t a t e s  

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

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

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

a n g l e   m e m b e r s   to  t r a p   m a t t e r   c e n t r i f u g a l l y   f l u n g  

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

up.   H o w e v e r ,   t h e   p r o b l e m s   i n v o l v e d   in  u s i n g   t w o  

c o u n t e r - r o t a t i n g   p a r t s   a r e   n o t   o v e r c o m e .  

We  h a v e   now  f o u n d   s u r p r i s i n g l y   t h a t   by  m o d i f y i n g  

t h e   c o n s t r u c t i o n   of  one   t y p e   of  c r u s h e r   i t   i s  

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

i s   c o a r s e r   t h a n   1cm  good   y i e l d s   of  a  p r o d u c t   f i n e r  

t h a n   1 5 0 u m .  

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

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

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

s m a l l e r   t h a n   150um  f rom  a  s o l i d   f e e d   m a t e r i a l   a t  

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



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

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

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

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

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

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

to  p r o d u c e   t h e   p r o d u c t .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t he   p r e s e n t  

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

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

a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  w h i c h   a p p a r a t u s  

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

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

an  i n l e t   f o r   a  s o l i d   f e e d   m a t e r i a l ,   and  an  o u t l e t  

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

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

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

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

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

s u c h   t h a t   some  of  t h e   f e e d   m a t e r i a l   is   r e t a i n e d ,  

by  g r a v i t y   and  f r i c t i o n   f o r c e s ,   in  s a i d   l o w e r   r e g i o n  

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

p a r t i a l l y   or   w h o l l y   of  t h e   m a t e r i a l   so  r e t a i n e d ,  

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

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

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

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

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

to  p a r t i c l e   s i z e   to  p r o d u c e   s a i d   p r o d u c t .  

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

i n v e n t i o n   t h e r e   i s   p r o v i d e d   e q u i p m e n t   c o m p r i s i n g :  

an  a p p a r a t u s   in  a c c o r d a n c e   w i t h   s a i d   o t h e r   a s p e c t  

of  t h e   p r e s e n t   i n v e n t i o n ;   f i r s t  c o n v e y o r   m e a n s  

f o r   c o n v e y i n g   t h e   f e e d   m a t e r i a l   to  t h e   i n l e t ;   a n d  



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

f rom  a  f u r t h e r   o u t p u t   of  t he   a p p a r a t u s   to   s a i d   f i r s t  

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

p a r t i c l e s .  

In  one   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

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

a x i s   and  w h i c h ,   in  u s e ,   c a u s e s   t h e   f e e d   m a t e r i a l  

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

The  g iven  s i ze   w i l l   vary   accord ing   to  the  d e s i r e d   r e q u i r e m e n t s  

for   the  c h a r a c t e r i s t i c s   of  the  p roduc t   and  is  dependent   on  t h e  

v e l o c i t y   of  m a t e r i a l   l e a v i n g   the  r o t o r ,   the  v e l o c i t y   of  the  a i r -  

flow  and  the  type  and  d e n s i t y   of  the  feed  m a t e r i a l .  

The  a p p a r a t u s   of  t h e   i n v e n t i o n   can   be  c o n s t r u c t e d  

by  m o d i f y i n g   a  c r u s h e r   of  t he   k i n d   w h i c h   u t i l i s e  

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

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

by  i m p a c t   o r   a t t r i t i o n   o r   i n t e r p a r t i c l e   c o m m i n u t i o n .  

A  c r u s h e r   of  t h i s   t y p e   i s   d e s c r i b e d   in   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 4 3 9 6 3 9 ,   t he   m a t t e r   c o n t a i n e d  

t h e r e i n   b e i n g   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .  

The  c r u s h e r   of  B r i t i s h   P a t e n t   S p e c i f i c a t i o n  

No.  1 4 3 9 6 3 9 ,   and  t h e   m e t h o d   of  c r u s h i n g   d e s c r i b e d  

t h e r e i n   g i v e   r i s e   to  a  c e r t a i n   a m o u n t   of  a  " f i n e  

p r o d u c t "   w h i c h   h e r e t o f o r e   has  m e r e l y   b e e n   a  b y p r o d u c t  
of  t h e   c r u s h i n g   p r o c e s s .   In  t h i s   c o n t e x t   t h e   t e r m  

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

a  s i z e   of  l e s s   t h a n   1 5 0 µ m .  

We  h a v e   now  f o u n d   t h a t   i f   t h e   c r u s h e r   of  B r i t i s h  

P a t e n t   S p e c i f i c a t i o n   No.  1 4 3 9 6 3 9   i s   m o d i f i e d   s o  

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

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

of  r o l l e r   and  r i n g   or   r o l l e r   and  t a b l e   d e s i g n ,   c a n  
be  a t t a i n e d   by  t h e   a p p a r a t u s ,   w i t h   s a v i n g s   in  c a p i t a l  

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

of  a b r a s i v e   f i n e s .  



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

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

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

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

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

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

h o u s i n g .  

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

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

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

and  an  i n n e r   cone   t h r o u g h   w h i c h   c o m m i n u t e d   m a t e r i a l  

c o m p r i s i n g   p a r t i c l e s   g r e a t e r  t h a n   a  g i v e n   s i z e   c a n  

be  r e t u r n e d   to   t h e   c r u s h e r .  



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

and   to   show  more   c l e a r l y   how  t h e   same  may  be  c a r r i e d  

i n t o   e f f e c t ,   r e f e r e n c e   w i l l   now  be  made ,   by  w a y  

of   e x a m p l e ,   to   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 u r e   1  shows   on  a  l a r g e r   s c a l e   p a r t   of  a n  

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

p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  shows   a  d i a g r a m m a t i c   s e c t i o n   t h r o u g h  

t h e   a p p a r a t u s   of  w h i c h   p a r t   i s   shown  in  F i g u r e   1 ;  

F i g u r e   3  i l l u s t r a t e s   d i a g r a m m a t i c a l l y   e q u i p m e n t  

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

of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4  shows   a  s e c t i o n   t h r o u g h   an  a p p a r a t u s  

as  shown  in   F i g u r e   3 ;  

F i g u r e   5  i s   a  p l a n   v i e w   of  t h e   a p p a r a t u s   o f  

F i g u r e   4 ;  

F i g u r e   6  i s   a  v i e w   l o o k i n g   in  t h e   d i r e c t i o n  

of   a r r o w   VI  in   F i g u r e   4 ;  

F i g u r e   7  i s   a  v i e w   l o o k i n g   in  t h e   d i r e c t i o n  

of   a r r o w   VI I   in   F i g u r e   4;  a n d  

F i g u r e   8  i s   a  s e c t i o n   t a k e n   a l o n g   l i n e   V I I I - V I I I  

in   F i g u r e   4  w i t h   t h e   f e e d   c h u t e   h a v i n g   b e e n   r e m o v e d .  

F i g u r e   1  shows   a  p o r t i o n   of  a  c r u s h e r   s u c h   a s  

t h a t   d e s c r i b e d   in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   N o .  

1 4 3 9 6 3 9   w h i c h   has   b e e n   m o d i f i e d   to  p r o v i d e   an  a p p a r a t u s  
in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   and  w h i c h  

i s   g e n e r a l l y   d e s i g n a t e d   by  r e f e r e n c e   n u m e r a l   1 0 .  

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

c i r c u l a t i n g ,   w i t h i n   t h e   c o n f i n e s   of  a  h o u s i n g   12 

of  t h e   c r u s h e r ,   on  an  a i r   c u r r e n t  c a u s e d   by  t h e  

f a n   e f f e c t   of  t h e   r o t o r   13.  F u r t h e r m o r e ,   due  t o  

i n t e r n a l   a i r   v a n e s   14  w i t h i n   t h e   h o u s i n g   12,  t h e  

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

i . e .   v e r t i c a l l y   u p w a r d s   f rom  t h e   h o r i z o n t a l   p l a n e  
of  t h e   r o t o r   13.  One  i m p o r t a n t   m o d i f i c a t i o n   i s  



t he   c o n s t r u c t i o n   of  a  l i d   1  of  t h e   h o u s i n g   12  a s  

a  r e m o v a b l e   p o r t i o n ,   r a t h e r   t h a n   as  an  i n t e g r a l  

p a r t   of  t he   h o u s i n g .  
Ar row  A  i n d i c a t e s   t h e   d i r e c t i o n   of  t h e   p r e d o m i n -  

a n t   a i r   f l o w   w i t h i n   t h e   h o u s i n g ;   a r r o w   F1  i n d i c a t e s  

t h e   i n c o m i n g   f e e d ;   and  r e f e r e n c e   n u m e r a l   16  i n d i -  

c a t e s   a  d u s t   f l a p .  

T h u s ,   as  shown  in  F i g u r e   2,  a  " d o u b l e   c o n e  

s e p a r a t o r " ,   g e n e r a l l y   d e s i g n a t e d   by  r e f e r e n c e  

n u m e r a l   11,  i s   a t t a c h e d   o v e r   t h e   p o r t i o n   of  t h e  

c r u s h e r   shown  in  F i g u r e   1,  t h e r e b y   m a k i n g   i t   p o s s i b l e  

to   e x t r a c t   t h e   " f i n e   a i r b o r n e   m a t e r i a l  

i n t o   t h i s   d o u b l e   cone   s e p a r a t o r .  

The  d o u b l e   cone   s e p a r a t o r   i s   c o n s t r u c t e d   a s  

f o l l o w s :  

Two  c o n e s   18,  19  of  d i f f e r i n g   d i m e n s i o n s   a r e  

c o n s t r u c t e d ,   t h e   s m a l l e r   cone   18  b e i n g   f i x e d   i n s i d e  

t h e   l a r g e r   cone   19  w i t h   a  s p a c e   20  b e t w e e n   t h e   t w o  

c o n e s .  

A r o u n d   t h e   p e r i p h e r y   of  t h e   t o p   of  t h e   i n n e r  

c o n e   18  a r e   v a n e s   21  w h i c h   can  be  m e c h a n i c a l l y  

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

cone   19.  In  a d d i t i o n ,   a  d u c t   17  i s   l ed   f r o m   t h e  

i n n e r   cone  18  to   t h e   o u t s i d e   u p p e r   end  of  t h e   l a r g e r ,  

o u t e r   cone  19.  T h i s   d u c t   17  i s   a t t a c h e d   to   a  

s u c t i o n   fan  w h i c h   in  t u r n   i s   in   s e r i e s   w i t h   a  c y c -  
l o n e .   The  l o w e r   end  of  t h e   s m a l l e r ,   i n n e r   c o n e  

18  i s   l ed   back   i n t o   a  f e e d   h o p p e r   22  of  t h e   c r u s h e r  

w h e r e   i t   is   s e a l e d   to   t h e   f e e d   h o p p e r   s t r u c t u r e .  

I t   i s   p o s s i b l e   to   i n d u c e   g r e a t e r   v o l u m e s   of  a  " f i n e  

p r o d u c t "   i n t o   t h e   s e p a r a t o r   11  by  c o n n e c t i n g   t h e  

e x i t   or  d i s c h a r g e   p a r t   of  t h e   s e p a r a t o r   to   a  m u l t i  

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

up  i n t o   t he   d o u b l e   c o n e .   D i f f e r i n g   p o i n t s   of  s p l i t  

can   be  a t t a i n e d   by  o p e r a t i n g   t h e   f an   w h i c h   d r a w s  

t h e   f i n e   m a t e r i a l   f r om  t h e   c r u s h e r   10,  p a s s i n g   i t  



i n t o   t h e   l a r g e   e n c l o s i n g   cone   19  w h e r e   i t   t a k e s   u p  

a  c y c l o n i c   m o t i o n ,   and  t h e n   e i t h e r   m o v i n g   t h e   c o n t r o l  

v a n e s   21  r a d i a l l y   or  t a n g e n t i a l l y .  

The  " f i n e "   f r a c t i o n   of  m a t e r i a l   e x i t s  

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

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

t h e   c o a r s e   m a t e r i a l   f a l l s   down  t h e   i n n e r   cone   18  

and  i s   d i s c h a r g e d   b a c k   i n t o   t h e   c r u s h e r   10  v i a   a  

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

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

w h i c h   i s   to   be  c l a s s i f i e d ,   and  t h e   a r r o w   O  r e p r e s e n t s  

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

c h a m b e r   23  of  t h e   c r u s h e r   1 0 .  

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

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

a  d i s c h a r g e   c h u t e   24  and  may  be  r e t u r n e d   to   t h e   f e e d  

h o p p e r   of  t h e   c r u s h e r   10  by  means   of  c o n v e y o r   b e l t s  

25,   2 6 .  

As  an  a l t e r n a t i v e   to   t h e   e x t e r n a l   f a n   i t   i s  

p o s s i b l e   to   a t t a c h   f an   b l a d e s   to   t h e   r o t o r   1 3 ,  

a d j u s t i n g   t h e   p o w e r   of  t h e   m o t o r   or   f e e d   t o   c o m p e n s a t e  

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

T h i s   c o u l d   be  a c h i e v e d   by  a t t a c h i n g   a  f an   p l a t e  

to   t h e   t o p   of  t h e   r o t o r ,   and  w o u l d   r e d u c e   t h e   r e q u i r e d  

c a p a c i t y   of  t h e   e x t e r n a l   f a n .  

F i g u r e   3  shows   an  a l t e r n a t i v e   a r r a n g e m e n t   f o r  

u s i n g   a  c r u s h e r   in   a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t  
of  t h e   p r e s e n t   i n v e n t i o n   (and  shown  in  F i g u r e   4 ) .  
In  t h e   a r r a n g e m e n t   of  F i g u r e   3,  a  f e e d   h o p p e r   30  

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

h o p p e r   30  to  a  t a b l e   f e e d e r   32.  A  f i r s t   f e e d   c o n v e y o r  
34  i s   a r r a n g e d   to   t r a n s p o r t   m a t e r i a l   f rom  t h e   t a b l e  
f e e d e r   32  to  an  i n l e t   of  t h e   c r u s h e r ,   g e n e r a l l y  
d e s i g n a t e d   by  r e f e r e n c e   10 '   in  F i g u r e   3.  As  d e s c r i b e d  

e a r l i e r ,   c o a r s e   m a t e r i a l   i s   d i s c h a r g e d   a t   an  o u t l e t  
of  t h e   c r u s h e r   10 '   to  be  r e t u r n e d   by  means   of  a  
s e c o n d   c o n v e y o r   36  to  t h e   f i r s t   c o n v e y o r   34  f o r  



r e c y c l i n g   to  t h e   i n l e t   of  t he   c r u s h e r   1 0 ' .   A  s c r e e n  

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

f rom  t h e   c r u s h e r   10 '   on  c o n v e y o r   36  b e f o r e   i t   i s  

r e t u r n e d   to   c o n v e y o r   34.  The  f i n e s   o u t p u t   f r o m  

t h e   c r u s h e r   10 '   i s   f e d   v i a   d u c t i n g   40  to  a  c y c l o n e  

42  w h i c h   has   an  o u t p u t   to  a  b a g g i n g   p l a n t   f o r  

r e c l a m a t i o n   of  t h e   " f i n e s " .   An  e x t r a c t i o n   f an   a n d  

m o t o r   44  i s   d i s p o s e d   in  duc t ing   46  l e a d i n g   f rom  t h e  

c y c l o n e   42  f o r   t h e   e x t r a c t i o n   of  a i r   f rom  t h e   c y c l o n e .  

I t   has   b e e n   f o u n d   in   u se   of  t h e   a p p a r a t u s   t h a t   t h e  

a i r   o u t p u t t e d   f rom  d u c t   46  c o n t a i n s   a  h i g h   p o r t i o n  

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

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

d i s p e r s e d   i n t o   t h e   a t m o s p h e r e ,   d u c t i n g   46  l e a d s  

to   one  or   more   bag   f i l t e r   f o r   c o l l e c t i o n   of  t h e  

e x t r e m e l y   f i n e   m a t e r i a l .  

The  a r r a n g e m e n t   of  F i g u r e   3  w i t h   t h e   f e e d   h o p p e r   30 
and  c o n v e y o r s   34,  36  has   t he   a d v a n t a g e   t h a t   t h e   f e e d  
m a t e r i a l   i n p u t t e d   to  t h e   c r u s h e r   10'   may  be  c o n t r o l l e d .  
The  s c r e e n   38  i s   i n s t a l l e d   to  t a k e   o u t   c o a r s e   m a t e r i a l  

o n l y   as  r e q u i r e d .   T h i s   e n a b l e s   m a t e r i a l   of  a  more   o r  
l e s s   c o n s t a n t   b u l k   d e n s i t y   to  be  i n p u t t e d   to  t h e  

a p p a r a t u s   to  a v o i d   p r o b l e m s   w h i c h   may  a r i s e   due  to  a n  
i n s u f f i c i e n t   a m o u n t   of  l a r g e   p a r t i c l e s   b e i n g   p r e s e n t ,  
s u c h   as  r e d u c e d   c r u s h i n g   e f f i c i e n c y   and  s t a l l i n g   o f  
t h e   m o t o r .  

The  c r u s h e r   10 '   shown  in  F i g u r e   3  w i l l   now  b e  

d e s c r i b e d   in  more   d e t a i l   w i t h   r e f e r e n c e   to  F i g u r e s  

4  to  8,  p r i m e d   r e f e r e n c e   n u m e r a l s   d e s i g n a t i n g   t h e  

same  p a r t s   as  r e f e r e n c e   n u m e r a l s   in  F i g u r e s   1  a n d  

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

in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  1 4 3 9 6 3 9   a n d  

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

shown  in  F i g u r e   4  has   an  i n p u t   d u c t   48  i n t o   w h i c h  

f e e d   m a t e r i a l   i s   f e d   f rom  c o n v e y o r   34  in  t h e   d i r e c t i o n  

of  a r r o w   F 2 ' .   The  f e e d   m a t e r i a l   e n t e r s   t h e   c r u s h e r  

and  i s   f l u n g   o u t w a r d s   by  r o t o r   13'   to  be  c r u s h e d  



a g a i n s t   a  bed   of  m a t e r i a l   b u i l t   up  a g a i n s t   the   w a l l s  

of  t h e   h o u s i n g   12 '   in  a  c r u s h i n g   c h a m b e r   2 3 ' .  

The  a p p a r a t u s   shown  in  F i g u r e   4  d i f f e r s   f r o m  

t h a t   shown  in   F i g u r e   1  in  t h a t   t h e   r e m o v a b l e   p o r t i o n  

or   l i d   1'  of  t h e   h o u s i n g   12'   i s   p r o v i d e d ,   as  s h o w n  

in  F i g u r e   5,  w i t h   t w e l v e   c i r c u m f e r e n t i a l l y   s p a c e d  

o p e n i n g s   50  (  t h r e e   o n l y   b e i n g   shown  in  F i g u r e   5 ) .  

W i t h   t w e l v e   s u c h   o p e n i n g s   50,  t he   a n g l e   φ  i s   3 0 ° .  

In  a d d i t i o n ,   t h e   l a r g e r   cone   1 9 ' ,   i n s t e a d   of  b e i n g  

c o n s t r u c t e d   a l o n g   t h e   d o t t e d   l i n e   in  F i g u r e   4  ( a s  

i t   i s   in   F i g u r e   1)  is   c o n s t r u c t e d   as  a  cone   in  i t s  

u p p e r   r e g i o n   w i t h   u p w a r d l y   e x t e n d i n g   w a l l s   52  i n  

i t s   l o w e r   r e g i o n   w h i c h   m e e t   t he   l i d   1'  of  t he   h o u s i n g  

12 '   a t   a  r e g i o n   w h i c h   i s   f u r t h e r   away  f rom  the   c e n t r e  

l i n e   of  t h e   c r u s h e r   10'   t h a n   in  t he   a p p a r a t u s   o f  

F i g u r e   1.  In  t h e   e m b o d i m e n t   shown  in  F i g u r e   1 ,  

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

13  and  t h e   h o u s i n g   12  w h i c h   can  c r ea t e   a  r e s t r i c t i o n  

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

t h e   e m b o d i m e n t   shown  in  F i g u r e   4,  t he   a i r   can  f l o w  

d i r e c t l y   u p w a r d l y   f rom  t h e   c r u s h i n g   c h a m b e r   2 3 '  

w i t h o u t   s u c h   r e s t r i c t i o n .   T h i s   d i s p o s i t i o n   of  t h e  

w a l l s   52  of  t h e   l a r g e r   cone   19'   of  t h e   s e p a r a t o r  

in  c o m b i n a t i o n   w i t h   t h e   o p e n i n g s   50  in  t he   l i d   1 '  

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

t h e   c r u s h e r   t h r o u g h   t he   s e p a r a t o r ,   and  c o n s e q u e n t l y  

t h e   p e r c e n t a g e   o u t p u t   of  " f i n e s " .  

T w e l v e   a i r   i n l e t s   54  ( F i g u r e   6)  a r e   d i s p o s e d  

in  t h e   u p w a r d l y   e x t e n d i n g   w a l l   52  of  t h e   l a r g e r  

cone   1 9 ' ,   w h i c h   e n a b l e   a  f u r t h e r   a d j u s t m e n t   of  t h e  

a i r   f l o w   to  be  m a d e .   In  p r a c t i c e ,   h o w e v e r ,   i t   h a s  

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

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

of  a i r   t h r o u g h   t h e   c r u s h e r   can  a l s o   be  c o n t r o l l e d  

by  a d j u s t m e n t   of  t h e   s p a c i n g   of  v a n e s   ( no t   s h o w n  

in  F i g u r e   4)  in  t h e   u p p e r   r e g i o n   of  t h e   s e p a r a t o r  

and  of  a  t h i m b l e   56,  w h i c h   can  move  up  and  down 



b e t w e e n   t h e   l i n e s   x - x   and  y - y :   w i t h   t he   t h i m b l e  

p u s h e d   down,   t h e   p r o d u c t   b e c o m e s   c o a r s e r .   In  t h i s  

way ,   t h e   p a r t i c l e   s i z e   in   t h e   o u t p u t   m a t e r i a l   c a n  

be  f i n e l y   c o n t r o l l e d   s i n c e   i t   i s   d e p e n d e n t   on  t h e  

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

in   t h e   s e p a r a t o r .  

As  shown  in  F i g u r e   8,  an  i n s p e c t i o n   d o o r   58  

i s   p r o v i d e d   w h e r e b y   t h e   c r u s h i n g   c h a m b e r   23'  can be inspected.  

The  f o l l o w i n g   d i m e n s i o n s   a r e   g i v e n   by  way  o f  

e x a m p l e   f o r   t h e   c r u s h e r   shown  in  F i g u r e   4 :  

d i a m e t e r   of  t h i m b l e   56,  a =  8 8 . 5 c m  

d i a m e t e r   of  t h i m b l e   p l a t e   5 7 , b   =  1 0 5 c m  

o u t s i d e   d i a m e t e r   of  u p w a r d l y   e x t e n d i n g   w a l l   55  

of  i n n e r   c o n e ,   c=   1 4 0 c m  

i n s i d e   d i a m e t e r   of  u p w a r d l y   e x t e n d i n g   w a l l   54  

of  o u t e r   c o n e ,   d=  1 7 7 c m  

v e r t i c a l   d i m e n s i o n s   of  s e p a r a t o r ,   e  =  3 3 c m  

f  =  1 5 0 c m  

g  =  1 9 9 c m  

h  =  2 5 2 c m  

w i d t h   of  a i r   i n l e t   54,  i  =  3 1 c m  

s p a c i n g   b e t w e e n   a i r   i n l e t s   54,  j  =  1 5 . 3 c m  

s p a c i n g   b e t w e e n   p o r t s   50,  k  =  1 0 c m  

w i d t h   of  f e e d e r   48,  1  =  5 6 c m  

w i d t h   of  i n s p e c t i o n   d o o r   58,  m  =  5 0 c m  

As  an  i l l u s t r a t i o n   of  t he   c a p a b i l i t y   of  t h e  

c r u s h e r   shown  in  F i g u r e   4,  t h e   f o l l o w i n g   t e s t s   h a v e  

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

t h e   t e s t :  

t h e   s p e e d   of  t h e  c o n v e y o r   b e l t   34  f e e d i n g   t h e  

c r u s h e r   w a s 4 0 0 f t   p e r   m i n u t e   ( 2 .03   m s - 1 ) ;  

t h e   s p e e d   of  t h e   r e c y c l i n g   c o n v e y o r   36  was  2 0 0  

f t   p e r   m i n u t e   ( 1 . 0 2   m s - 1 ) ;  

t h e   r e c y c l i n g   r a t e   of  m a t e r i a l   t h r o u g h   t h e  
c losed   c i r c u i t   34,  10', 36  was  32.8  tons  (33.3  tonnes)  per  h o u r ;  

The  m o t o r   b e i n g   u s e d   was  g e n e r a t i n g   150  h o r s e  

p o w e r ;   and  t h e   v o l u m e   of  a i r   u s e d   was  1 4 , 0 0 0   c u b i c  



f t   p e r   m i n u t e   ( 0 . 0 2 5   c u b i c   metres   p e r   s e c o n d ) ,  
a l t h o u g h   t h i s   c o u l d   be  r e d u c e d   to  a b o u t   1 1 , 0 0 0  
c u b i c   f t   p e r   m i n u t e   f o r   a  s i m i l a r   o u t p u t .  
M a t e r i a l :   C a l c i n e d   Phosphate  from  West   A f r i c a .  

Feed  Size:  All  minus  30  mm. 

1.  Capaci ty :   2.5  T.P.H.  ( 2 . 5 4   t o n n e s   p e r   h o u r )   f i n i s h e d  
p r o d u c t .   ( C l a s s i f y e r   s e t   f i n e )  

Analys is   of  P r o d u c t :  

2.  Capac i ty :   5.76  T.P.H.  ( 5 . 8 5   t o n n e s  p e r   h o u r )   f i n i s h e d  
p r o d u c t   ( C l a s s i f y e r   s e t   c o a r s e ) .  

Analys is   of  P r o d u c t :  



In  the  above  t e s t ,   the  r i s e   in  t empera tu re   of  the  m a t e r i a l  

a f t e r   one  hour  was  15°C,  the  t empera tu re   remaining  s t a b l e   t h e r e -  

a f t e r .   This  r i s e   in  t e m p e r a t u r e   can  be  an  advantage ,   p a r t i c u l a r l y  

where  hyg roscop i c   m a t e r i a l s   are  being  used.  Thus,  the  a p p a r a t u s   i s  

capab le   of  h a n d l i n g   raw  feed  m a t e r i a l   which  has  not  been  p r e v i o u s l y  

d r i e d .   About  10%  of  the  net   ou tpu t   was  c a r r i e d   forward  a s  

ex t r eme ly   f ine   m a t e r i a l   to  the  bag  f i l ters   via  ducting  46. 

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

c r u s h e r   may  h a v e   a  b u l k   d e n s i t y   of  a b o u t   811b  p e r  

c u b i c   f t   ( 0 . 3 5   kg  p e r   c u b i c   c e n t i m e t r e ) .  

The  t e s t   r e s u l t s   a r e   i l l u s t r a t i v e   of  t h e   e x t r e m e l y  

h i g h   p e r c e n t a g e   of  " f i n e s "   in  t he   o u t p u t   w h i c h   c a n  

be  a c h i e v e d   f rom  t h e   a p p a r a t u s   of  t he   p r e s e n t  

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

f o r   use   w i t h   a  w i d e   v a r i e t y   of  m a t e r i a l s ,   and  i s  

p a r t i c u l a r l y   u s e f u l   w i t h   v e r y   a b r a s i v e   m a t e r i a l s  
which  cannot  be  used  economica l ly   in  e x i s t i n g   f ine   g r i n d i n g   m i l l s .  

O t h e r   a d v a n t a g e s   of  t h e   a p p a r a t u s   of  t h e   p r e s e n t  

i n v e n t i o n   a r e   as  f o l l o w s :  

a)  i t s   i n c r e a s e d   c a p a c i t y ,   t h a t   i s   t h e  

q u a n t i t y   of  m a t e r i a l   w h i c h   can  be  c o m m i n u t e d   p e r  

u n i t   of  e n e r g y   i n p u t   to  t h e   a p p a r a t u s ;  

b)  t h e   p o s s i b i l i t y   of  u s i n g   t he   c r u s h e r   f o r  

v e r y   a b r a s i v e   m a t e r i a l s   ( f o r   e x a m p l e   q u a r t z i t e ,  

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

f u s e d   a l u m i n a ,   and  c h i n e s e   b a u x i t e )   w i t h   g r e a t l y  

r e d u c e d   m a i n t e n a n c e   c o s t s   due  to  w e a r   and  t e a r ,  

t h i s   b e i n g   a  r e s u l t   of  t he   c r u s h e r   b e i n g   d e s i g n e d  

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

c)  t h e   p a r t i c l e   s i z e   of  f e e d   m a t e r i a l   can   b e  

as  h i g h   as  50mm,  which  i s   much  g r e a t e r   t h a n   t h e   m a t e r i a l  

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

e q u i p m e n t ;   a n d  

d)  s i n c e   no  m e t a l l i c   g r i n d i n g   p l a t e s   a r e   u s e d ,  

as  in  many  c o n v e n t i o n a l   f i n e   g r i n d i n g   m i l l s ,   c o n t a m -  

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

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



I t   w i l l   be  a p p r e c i a t e d   t h a t   an  a p p a r a t u s   a n d  

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

may  be  u s e d   to   p r o d u c e   a  " f i n e   p r o d u c t "   f o r   a  v a r i e t y  

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

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

p h o s p h a t e ,   p o t a s h   or   t a l c .   The  a p p a r a t u s   may  f u r t h e r  

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

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

i r o n ,   l e a d   or   z i n c ,  f r o m   i t s   o r e .  

In  a d d i t i o n ,   as  m e n t i o n e d   h e r e i n a b o v e ,   t h e  

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

m a t e r i a l   i s   n o t   f o r c e d   t h r o u g h   a  gap  of  a  p r e d e t e r -  
m i n e d   s i z e   as  o c c u r s ,   f o r   e x a m p l e ,   in  r o l l e r   p a t h   t y p e  

g r i n d i n g   m i l l s .   In  s u c h   m i l l s ,   m a t e r i a l   w i t h   a  h i g h  
m o i s t u r e   c o n t e n t   can   become   c o m p a c t e d   and  t h u s  

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



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

a t   l e a s t   a  m a j o r   p r o p o r t i o n   of  w h i c h   i s   s m a l l e r  

t h a n   150µm  f r o m   a  s o l i d   f e e d   m a t e r i a l   a t   l e a s t   a  

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

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

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

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

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

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

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

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

p r o d u c e   t h e   p r o d u c t .  

2.  An  a p p a r a t u s   f o r   o b t a i n i n g   a  c o m m i n u t e d  

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

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

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

an  i n l e t   f o r   a  s o l i d   f e e d   m a t e r i a l ,   and  an  o u t l e t  

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

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

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

r e g i o n   of  t h e   h o u s i n g / s a i d   m e a n s   and  t h e  

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

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

by  g r a v i t y   and  f r i c t i o n   f o r c e s ,   in   s a i d   l o w e r   r e g i o n  

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

p a r t i a l l y   o r   w h o l l y   of  t h e   m a t e r i a l   so  r e t a i n e d ,  

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

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

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

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

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

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

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



to   p a r t i c l e   s i z e   to  p r o d u c e   s a i d   p r o d u c t .  

3.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   Z,  w h e r e i n  

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

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

a x i s   and  w h i c h ,   in   u s e ,   c a u s e s   t h e   f e e d   m a t e r i a l  

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

+.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m  2   o r  3 ,  

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

w i t h   a  l i d   p o r t i o n   h a v i n g   one  o r   more   a p e r t u r e   t h r o u g h  

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

to   t h e   u p p e r   r e g i o n   of  t h e   h o u s i n g .  

5.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   2,   3  o r  

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

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

p r e d o m i n a n t l y   u p w a r d   a i r f l o w   and  an  i n n e r   cone   t h r o u g h  

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

g r e a t e r   t h a n   a  g i v e n   s i z e   can be returned to  t he   c r u s h e r .  

6 .   E q u i p m e n t   f o r   o b t a i n i n g   a  c o m m i n u t e d   p r o d u c t  

c o m p r i s i n g :   an  a p p a r a t u s   as  c l a i m e d   in  any  of  c l a i m s  

2  t o   5;  f i r s t   c o n v e y o r   m e a n s   f o r   c o n v e y i n g   t h e  

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

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

o u t p u t   of  t he   a p p a r a t u s   to  s a i d   f i r s t   c o n v e y o r  

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