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@  Improvements  in  decanting  type  centrifuges. 

g   A  method  and  apparatus  for  removing  carrier  liquid  from 
solids  particles  separated  from  a  liquid  slurry  in  a  decanter- 
type  centrifuge,  a  further  liquid  is  introduced  into  the  bowl 
which  is  both  immiscible  with  and  of  higher  specific  gravity 
than  the  carrier  liquid  to  establish  at  the  periphery  of  the  bowl  a 
body  (42)  of  this  further  liquid  defining  a  transfer  zone  (46)  dis- 
posed  radially  outwardly  of  the  body  (48)  of  carrier  liquid,  the 
solids  separated  from  the  carrier  liquid  by  centrifugal  action 
moving  into  said  transfer  zone  (46)  where  carrier  liquid  adher- 
ing  to  the  solids  particles  is  displaced  by  the  second  liquid  of 
higher  specific  gravity,  the  solids  particles  being  scrolled 
through  said  transfer  zone  to  the  solids  outlet  of  the  bowl.  For 
isolating  the  body  of  carrier  liquid  (48)  from  the  frusto-conical 
portion  (18)  of  the  bowl,  an  annular  disc  (54)  is  mounted  on  the 
conveyor  (20)  with  its  outside  periphery  extending  into  the 
body  of  liquid  (42)  so  that  when  the  solids  are  scrolled  from  the 
transfer  zone  up  the  frusto-conical  portion  of  the  bowl  to  the 
solids  discharge  outlet.  they  are  not  recontaminated  by  carrier 
liquid. 



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

c e n t r i f u g e s .  

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

and  s c r e e n   bowl  t y p e   a c c e p t   an  i n f l o w  o f   s l u r r y   c o n s i s t i n g  

of  a  m i x t u r e   of  s o l i d   p a r t i c l e s   in  a  c a r r i e r   l i q u i d  

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

of  t h e   c a r r i e r  l i q u i d   a d h e r e s   to  and  c o n t a m i n a t e s   t h e  

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

the   s e p a r a t e d   l i q u i d   ( t h e   c e n t r a t e ) .   The  d e g r e e   o f  

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

s e p a r a t i o n .   In  some  c e n t r i f u g e   a p p l i c a t i o n s   t h e   s u b -  

d i v i s i o n   of  s o l i d s   i s   r e q u i r e d ,   i . e .   r e m o v i n g   t h e   f i n e  

s o l i d s   ( b e l o w   t h e   c u t - s i z e - o f   t h e   c e n t r i f u g e )   w i t h   t h e  

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

c a r r i e r   l i q u i d .  

In  t h e  a p p l i c a t i o n   of  some  s o l i d   bowl   d e c a n t i n g  

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

by  a p p l y i n g   a  wash  l i q u i d   to  t h e   s o l i d s   as  t h e y   l e a v e  

the   c a r r i e r   l i q u i d .   T h i s   i s   r e l a t i v e l y   i n e f f e c t i v e ,  

t he   wash  l i q u i d   to  s o l i d s   c o n t a c t   t i m e   b e i n g   s h o r t ,   t h e  

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

to  be  w a s h e d   b a c k   i n t o   t h e   c a r r i e r  l i q u i d .  



- In   t h e  a p p l i c a t i o n   of  some  s c r e e n   bowl  d e c a n t i n g  

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

r e d u c e d   b y - a p p l y i n g   wash  l i q u i d   to  t h e   s o l i d s   w h i l s t   t h e y  

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

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

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

c o n t a m i n a t e   t he   wash  l i q u i d .   T h i s   c o n t a m i n a t e d   w a s h  

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

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

r e - c i r c u l a t e d   t h r o u g h   t he   c e n t r i f u g e ,   so  i n c r e a s i n g   t h e  

f i n e   s o l i d s   l o a d i n g .   - 

I t   i s - a n   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o   i m p r o v e  

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

a f o r e g o i n g   known  t e c h n i q u e s .   - 

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

l i q u i d   i s   i n t r o d u c e d   i n t o   t h e - b o w l   w h i c h   i s   b o t h   i m m i s c i b l e  

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

to  e s t a b l i s h   a t  t h e   p e r i p h e r y   of  t h e  b o w l   a  body  of  t h i s  

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

o u t w a r d l y   of  t h e   body   of  c a r r i e r   l i q u i d ,   t h e   s o l i d s  

- s e p a r a t e d   f rom  t he   c a r r i e r   l i q u i d   by  c e n t r i f u g a l   a c t i o n  

mov ing   i n t o   s a i d   t r a n s f e r   zone  w h e r e   c a r r i e r   l i q u i d  

a d h e r i n g   to  t h e   s o l i d s   p a r t i c l e s   i s   d i s p l a c e d   by  t h e  

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

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

to  t h e   s o l i d s   o u t l e t   of  t he   b o w l .  



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

d i s c h a r g e   end  of  t h e   bowl  f o r   i s o l a t i n g   t h e   body   o f  

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

b o w l ,   so  t h a t   when  t h e   s o l i d s   a r e   s c r o l l e d   f rom  t h e  

t r a n s f e r   zone   up  t h e   f r u s t o - c o n i c a l   p o r t i o n   of  t h e   b o w l  

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

by  c a r r i e r   l i q u i d .  

C o n v e n i e n t l y ,   t h e   l a t t e r   means  c o m p r i s e s   a  d i s c  

c a r r i e d   by  t h e - c o n v e y o r   and  d i s p o s e d   a d j a c e n t   t h e   s o l i d s  

d i s c h a r g e   end  of  t h e   b o w l ,   t he   o u t s i d e   d i a m e t e r   o f - s a i d   - 

d i s c   b e i n g   s u c h   t h a t   i t   e x t e n d s   i n t o   s a i d   body   of  f u r t h e r  

l i q u i d   and  t h e  i n s i d e   d i a m e t e r  b e i n g   such   t h a t   i t   e x t e n d s  

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

body  of  c a r r i e r   l i q u i d .  

-  The  i n v e n t i o n   i s   d e s c r i b e d   f u r t h e r   h e r e i n a f t e r ,   b y  

way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c 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 .   1 - i s   a  p a r t i a l   l o n g i t u d i n a l   s e c t i o n   t h r o u g h  

a  known  s o l i d   bowl   d e c a n t i n g   c e n t r i f u g e ;  

F i g .   2  i s   a  p a r t i a l   l o n g i t u d i n a l   s e c t i o n   t h r o u g h   - 

a  known  s c r e e n   bowl   d e c a n t i n g   c e n t r i f u g e ;  

F i g .   3  i s   a  p a r t i a l   l o n g i t u d i n a l   s e c t i o n   t h r o u g h  

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

i n v e n t i o n ;  

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

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

in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ;  



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

known  c o n c u r r e n t  f l o w   d e c a n t e r   c e n t r i f u g e ;   a n d  

F i g .   6  i s   a  p a r t i a l   l o n g i t u d i n a l   s e c t i o n   t h r o u g h   a  

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

i n v e n t i o n .  

F i g u r e s   1  and  2  show  c o n v e n t i o n a l   d e c a n t i n g  

c e n t r i f u g e s   in  t h e   s o l i d   bowl  and  s c r e e n   b o w l  

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

w h e r e i n   l i k e   p a r t s   a r e   g i v e n   t he   same  r e f e r e n c e   n u m e r a l s .  

The  c e n t r i f u g e   of  F i g .   1  c o m p r i s e s   e s s e n t i a l l y   a  

s o l i d   bowl  10  w h i c h   i s   a d a p t e d   t o  b e   r o t a t e d   a b o u t   a  

h o r i z o n t a l   a x i s   12  by  d r i v e   means  ( n o t   s h o w n ) .   The  b o w l  

10  h a s  a   r a d i a l   end  w a l l   14,  a  c y l i n d r i c a l   s i d e   w a l l  

p o r t i o n   16  and  a  f r u s t o - c o n i c a l   s i d e   w a l l   p o r t i o n   1 8 .  

C o a x i a l l y   m o u n t e d   w i t h i n   t he   b o w l ,   f o r   r o t a t i o n   a t   a  

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

c o n v e y o r   20  w h i c h   i s   a d a p t e d   to  s c r o l l   s o l i d s   d e p o s i t e d  

on  t h e   i n n e r   p e r i p h e r y   of  t he   bowl  t o w a r d s   a  s o l i d s  

d i s c h a r g e   o u t l e t   22  d i s p e r s e d   d o w n s t r e a m   of  t h e   f r u s t o -  

c o n i c a l   p o r t i o n   18  in  t h e  c o n v e y i n g   d i r e c t i o n .   T h e  

r a d i a l   w a l l   14  a t   t h e   o t h e r   end  of  t he   bowl  c o n t a i n s   a  

l i q u i d   d i s c h a r g e   o r i f i c e   2 4 .  

L i q u i d   s l u r r y   to  be  s e p a r a t e d   i s   i n t r o d u c e d   i n t o  

t h e   i n t e r i o r   of  t h e   bowl  by  way  of  a  f e e d   p i p e   26  a n d  

a p e r t u r e s   28  in  t h e   c o n v e y o r   2 0 .  

The  bowl  of  F i g .   2  i s   s i m i l a r   to  t h a t   of  F i g .   1 

e x c e p t   t h a t   i t   c o n t a i n s   a  c y l i n d r i c a l   s c r e e n   p o r t i o n   30 



b e t w e e n   t he   f r u s t o - c o n i c a l  p o r t i o n   and  the   s o l i d   d i s c h a r g e  

o u t l e t   2 2 .  

Both  of  t h e s e   d e c a n t i n g   c e n t r i f u g e s   s u b j e c t   t h e  

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

'G'  f o r c e s ,   t h u s   s e p a r a t i n g   t h e   h e a v i e r   s o l i d s   32  ( w h i c h  

a r e   moved  to  t he   p e r i p h e r y   of  t h e   bowl   by  t h i s   ' G '  

f o r c e   to  be  s c r o l l e d   by  t he   c o n v e y o r   20  to  t h e   s o l i d s  

d i s c h a r g e   o u t l e t   22)  f rom  t h e   l i g h t e r   c a r r i e r   l i q u i d  

t h a t   f l o w s   to  t h e   l i q u i d   o u t l e t   2 4 .  

For  t he   s o l i d   bowl  d e c a n t i n g   c e n t r i f u g e s   ( F i g .   1 ) ,  

t he   p r e s e n t   " s t a t e   of  t he   a r t "   w a s h i n g   i s   a p p l i e d   by  a  

wash  f e e d   p i p e   34  to  d e l i v e r   wash  l i q u i d   to  a  w a s h  

zone  36  v i a   o u t l e t  p i p e s   38,  w i t h   t h e   d i s a d v a n t a g e s  

d e s c r i b e d   a b o v e .  

For  t he   s c r e e n   bowl  d e c a n t i n g   c e n t r i f u g e   ( F i g .   2 ) ,  

t he   p r e s e n t   " s t a t e   of  t h e   a r t "   w a s h i n g   i s   a p p l i e d   by  t h e  

wash  f e e d   p i p e   34  to  d e l i v e r  w a s h   l i q u i d   v i a   o u t l e t  

p i p e s   38a  to  t he   s o l i d s   b e i n g   s c r o l l e d   a c r o s s   t h e   s c r e e n  

30,  t h e   c o n t a m i n a t e d   wash  l i q u i d   b e i n g   c o l l e c t e d   in  t h e  

s c r e e n   s e c t i o n   40a  of  t h e   o u t e r   c a s i n g - 4 0 .  

I n   t h e   e m b o d i m e n t   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   s h o w n  i n   F i g .   3,  on  s t a r t - u p ,  w i t h   t h e  

c e n t r i f u g e   r o t a t i n g   and  e m p t y ,   wash   l i q u i d   42,  w h i c h  

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

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

p i p e   34  t h r o u g h   wash  i n f l o w   p i p e s   44  and ,   u n d e r   t h e  

r e s u l t i n g   'G'  f o r c e ,   f i l l s   t h e   bowl   u n t i l   e x c e s s   w a s h  

l i q u i d   f l o w s   f rom  t he   l i q u i d   o u t l e t   24  (or   i s   r e m o v e d  



by  a  r o t a t i n g   c o l l e c t o r   t r o u g h   and  s k i m m e r   p i p e ,   o r  

o t h e r   known  m e a n s ) .   Thus  w i t h   t he   d e c a n t i n g   c e n t r i f u g e  

r o t a t i n g   a t   or  n e a r   d e s i g n   s p e e d ,   a  wash  zone   46  i s  

e s t a b l i s h e d   a t   t h e   p e r i p h e r y   of  t he   b o w l .   The  s l u r r y  

is   t h e n   f ed   to  t he   c e n t r i f u g e   v i a   t he   s l u r r y   f e e d   p i p e  

26  and  f e e d   p o r t s   28,  f i l l i n g   a  s l u r r y   zone  48  to  a  

d e p t h   X  and  r e d u c i n g   t h e   wash  l i q u i d   d e p t h   to  Y  as  t h e  

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

( t h e   d e p t h s   X  and  Y  b e i n g   func t ions   of  t he   r e s p e c t i v e  

s p e c i f i c   g r a v i t i e s   of  t he   wash  l i q u i d   and  c e n t r a t e ) .  

A  r a d i a l   s e p a r a t i n g   d i s c   52,  r i g i d l y   m o u t e d   to  t h e  

c o n v e y o r   t r u n n i o n   f o r   r o t a t i o n   t h e r e w i t h ,   has   an  o u t s i d e  

d i a m e t e r   g r e a t e r   t h a n   t he   d i a m e t e r   of  t he   b o r e   o f - t h e  

c y l i n d r i c a l   bowl  p o r t i o n   16  minus   Y,  and  an  i n n e r  

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

b o w l - p o r t i o n   minus   (X  +  Y),  in  o r d e r   to  m a i n t a i n   t h e  

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

l i q u i d   d i s c h a r g e   end  of  t h e   b o w l .   -  

S o l i d   p a r t i c l e s   in  t he   s l u r r y   zone  48,  s u b j e c t e d  

to  t he   h i g h   'G'  f o r c e s ,   move  r a d i a l l y   o u t w a r d s   t o w a r d s  

t h e   bowl  p e r i p h e r y   a n d  p a s s   t h r o u g h   the   wash  l i q u i d  

zone  46  to  t he   bowl  w a l l   so  as  to  be  s c r o l l e d   by  t h e  

c o n v e y o r   20  t h r o u g h   t h e   wash  zone  46  t o w a r d s   t h e   s o l i d s  

o u t l e t   22  (no t   shown  in  F i g .   3 ) .   D u r i n g   t h i s   p r o c e s s ,  

t he   d e n s e r   wash  l i q u i d   42  d i s p l a c e s   some  of  t h e   c a r r i e r  

l i q u i d   h e l d   to  t h e   s o l i d s   by  s u r f a c e   t e n s i o n  -   t h e  



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

to  t h e   s l u r r y   zone  48,  e v e n t u a l l y   to  be  d i s c h a r g e d   a s  

c e n t r a t e .   By  t h i s   m e a n s ,   t he   s o l i d s   a r e   w a s h e d   -  

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

wash  l i q u i d   42  and  a r e   d i s c h a r g e d   r e l a t i v e l y  f r e e   o f  

c a r r i e r   l i q u i d ,   i . e .   t he   d e g r e e   of  c a r r i e r   l i q u i d  

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

r e p l a c e d   by  an  a c c e p t a b l e   l e v e l   of  c o n t a m i n a t i o n   b y  

w a s h  l i q u i d .  

T h e   wash  l i q u i d   zone  l e v e l - i s   m a i n t a i n e d   b y  

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

f e e d  p i p e   3 4  -   t h e   s u p p l y   b e i n g   e i t h e r   f r e s h   w a s h  

l i q u i d   or  wash  l i q u i d   r e - c i r c u l a t e d   (by  t a n k ,   p u m p  

or  s i m i l a r   known  means )   f rom  u s e d   o v e r f l o w   wash  l i q u i d  

r e c o v e r e d   f rom  a  wash  s e c t i o n   of  t h e   c a s i n g  -  o r   a  

c o m b i n a t i o n   of  b o t h .   -  

T h i s   e m b o d i m e n t   of  t he   i n v e n t i o n   has   t h e  

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

c a r r i e r   l i q u i d   ( s l u r r y )   zone  48  a g a i n   as  t h e y   a r e  

s c r o l l e d   t h r o u g h   t h e   c o n i c a l   b o w l - s e c t i o n   18  to  t h e  

s o l i d s   d i s c h a r g e   o u t l e t   22  and  some  r e - c o n t a m i n a t i o n  

by  t h e   c a r r i e r   l i q u i d   can  t h e r e f o r e   o c c u r .   T e s t s   s h o w ,  

h o w e v e r ,   t h a t   t h i s   l e v e l   of  r e - c o n t a m i n a t i o n   i s   low  a n d  

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

m e t h o d  -   w h i c h   i s   a d d e d   to  the   a d v a n t a g e s   t h a t   t h e   w a s h  

l i q u i d   d o e s   no t   mix  w i t h   t he   c a r r i e r   l i q u i d ,   i s   n o t   l o s t  

to  t h e   c e n t r a t e   and  c a n   be  r e - c i r c u l a t e d   and  r e - u s e d .  



F i g .   4  shows  a  p r e f e r r e d   e m b o d i m e n t   in  a c c o r d a n c e  

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

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

e m b o d i m e n t   of  F i g .   3.  A  s e c o n d   l i q u i d   s e p a r a t i n g   d i s c  

54  a g a i n   r i g i d l y   a t t a c h e d   to  t h e   c o n v e y o r   20,  i s   f i t t e d  

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

The  d i s c   54  i s   d i m e n s i o n e d   so  t h a t   i t s   o u t s i d e   d i a m e t e r  

is   g r e a t e r   t h a n   t h e   d i a m e t e r   of  t h e  i n t e r f a c e   b e t w e e n  

the   wash  and  c a r r i e r   l i q u i d s   in  t h e   bowl  end  and  i t s  

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

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

i s  i n t r o d u c e d   d u r i n g   s t a r t - u p   v i a   t h e   wash  i n p u t   p i p e s  

44  to  t he   f i n a l   wash  zone   46a  n e a r  t h e   s o l i d s   d i s c h a r g e  

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

the   w a s h i n g   z o n e s   4 6  a n d   46a .   S l u r r y   i s   t h e n - i n t r o d u c e d  

to  t he   s l u r r y   s e p a r a t i o n   zone  48  b e t w e e n   t h e   s e p a r a t i n g  

d i s c s   52  and  54,  w i t h   t he   l i q u i d   l e v e l s  m a i n t a i n e d   a s  

s h o w n  a n d   as  d e s c r i b e d   a b o v e   a t   l e v e l s   X  and  Y.  S e p a r a t i o n -  

a n d - t h e   d i s c h a r g e   of  c e n t r a t e   i s   a l s o   as  d e s c r i b e d  

a b o v e ,   b u t   in   a d d i t i o n   t he   s o l i d s   a r e   s c r o l l e d   by  t h e  

c o n v e y o r   b e t w e e n   t he   l i q u i d   s e p a r a t i n g   d i s c   54  and  t h e  

bowl  t h r o u g h   t h e   f i n a l   wash  zone   46a  t o  t h e   s o l i d s   o u t l e t  

22 .   The  s e p a r a t i n g   d i s c   54,  by  i s o l a t i n g   t h e   s l u r r y   z o n e  

48  f rom  t h e   f i n a l   w a s h  z o n e   46a ,   a v o i d s   any  r e - c o n t a m i n a t i o n  

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

s o l i d s   and  wash  l i q u i d   to  a  m a x i m u m .  



The  d e s c r i p t i o n s   a b o v e   a l l   r e f e r   to  what   a r e   k n o w n  

in  t h e   a r t   as  " c o u n t e r - c u r r e n t "   s o l i d   and  s c r e e n   b o w l  

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

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

of  t h e   bowl  i s   in  t he   o p p o s i t e   d i r e c t i o n   to  t h e   f l o w   o f  

s o l i d s   to  t he   s o l i d s   d i s c h a r g e   end  of  t h e   b o w l .   An 

a l t e r n a t i v e   and  known  a r r a n g e m e n t   of  c o n - c u r r e n t   f l o w  

d e c a n t i n g   c e n t r i f u g e ,   in  w h i c h   the   s o l i d s   and  t he   c a r r i e r  

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

i s   shown  in  F i g .   5 .  

In  t h i s   known  a p p a r a t u s ,   t he   s l u r r y   p a s s e s   v i a   a  

f e e d   p i p e   2 6  a n d   f e e d   p o r t - 2 8   to  t h e   bowl  n e a r   t h e   l i q u i d  

d i s c h a r g e   end  of  t h e   c e n t r i f u g e ,  w i t h   t he   c a r r i e r   l i q u i d  

f l o w i n g   ( l e f t   to  r i g h t )   t o w a r d s   t h e   s o l i d s   d i s c h a r g e   e n d  

c o n - c u r r e n t l y   w i t h   t he   s c r o l l i n g   of  t h e   s o l i d s   in  t h e  

same  d i r e c t i o n   by  t he   c o n v e y o r - 2 0 .   A f t e r   s e p a r a t i o n ,   t h e  

c e n t r a t e   r e t u r n s   ( r i g h t   to  l e f t )   v i a  a x i a l  c h a n n e l s   60  t o  

d i s c h a r g e   v i a   t he   l i q u i d   o u t l e t   24.  A  s e p a r a t i n g   d i s c  

62  s e p a r a t e s   t he   c e n t r a t e   f rom  the   s l u r r y   zone   6 4 .  

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

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

d i s a d v a n t a g e s   of  t h e   c o u n t e r   c u r r e n t   d e s i g n   shown  i n  

F i g .   1,  p l u s   f u r t h e r   r e s t r i c t i o n s   c a u s e d   by  t h e   f l o w  

p a t t e r n   of  t h e   c e n t r a t e   to  t he   a x i a l   c h a n n e l s   when  w a s h  

l i q u i d   i s   a p p l i e d   to  t h e   wash  z o n e .  

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

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

d i s a d v a n t a g e s   of  t he   p r e s e n t   known  m e t h o d s   of  w a s h i n g .  



F i g .   6  shows   one  e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t h i s  

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

f u g e .   As  in  F i g .   4 ,  s e p a r a t i n g   d i s c s   52  and  54  a r e   f i t t e d  

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

d e c a n t e r   and  a r e   f i x e d   to  t he   c o n v e y o r   20  to  d e f i n e   t h e  

wash  zone  46  and  to  i s o l a t e   t he   f i n a l   wash  zone  46a  f r o m  

the   s l u r r y   zone  48.  In  t he   a r r a n g e m e n t   shown ,   a  c o n t a i n -  

ment  d i s c   66  i s   f i t t e d   to  the   bowl  to  p r o v i d e   c o m p a r t m e n t s  

f o r   t h e   wash  l i q u i d   42  and  c e n t r a t e ,   t he   f o r m e r   d i s c h a r g i n g  

f rom  t h e   wash  l i q u i d s   o u t l e t   p i p e s - 6 8   and  t h e   l a t t e r   f r o m  

the   l i q u i d   o u t l e t   24  ( t h e   l i q u i d - o u t l e t s   now  h a v i n g  

o p p o s i t e   r o l e s  t o  t h o s e   shown  in   F i g .   4 ) .  

S t a r t - u p   i s   as  d e s c r i b e d   a b o v e   in  c o n n e c t i o n   w i t h  

F i g s .  3 - a n d   4,  w i t h   t h e   wash  z o n e s   46  and  46a  e s t a b l i s h e d  

by  t h e   i n t r o d u c t i o n   of  wash  l i q u i d   v i a   t he   wash  f e e d  p i p e  

34  and  wash  i n f l o w   p i p e s   44,  f o l l o w e d   by  t h e   i n t r o d u c t i o n  

of  s l u r r y .  

S e p a r a t i o n   t a k e s  p l a c e   as  d e s c r i b e d   a b o v e ,   c o n t a c t  

t i m e   b e t w e e n   s o l i d s   and  wash  l i q u i d   i s   a  maximum,  t h e  

wash  l i q u i d   b e i n g   r e c o v e r e d   f o r   r e - u s e   f rom  t h e   c a s i n g  

s e c t i o n   ( n o t   shown)   and  r e - c i r c u l a t e d   i f   r e q u i r e d ,   a n d  

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

l i q u i d   c o n t a m i n a t i o n   of  t he   s o l i d s   by  wash  l i q u i d  

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

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



wash   l i q u i d   and  s o l i d s   f l o w   i s  c o u n t e r - c u r r e n t   w i t h  

t h e   i n f l o w i n g   w a s h  l i q u i d   w a s h i n g   the   s o l i d s   j u s t  

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

t h e   s o l i d s .  

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

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

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

of  o i l   wet   c u t t i n g s   r e p r e s e n t s   a  l o s s   o f  o i l   and  a n  

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

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

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

( e . g .   s e a   w a t e r )   i s   b o t h   e c o n o m i c   and  e n v i r o n m e n t a l l y  

s o u n d .  

-  T h e   a f o r e g o i n g   e m b o d i m e n t s   o f  t h e   p r e s e n t  

i n v e n t i o n   e n a b l e   f u n d a m e n t a l   a d d i t i o n s _ t o   b o t h   s o l i d  -  

and  s c r e e n   bowl  d e c a n t i n g   c e n t r i f u g e s   to  be  o b t a i n e d ,  

n a m e l y   t o : -  _  

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

r e d u c i n g   t he   a m o u n t - o f   c a r r i e r   l i q u i d   t h a t  

c o n t a m i n a t e s   t he   s o l i d s ,  

( i i )   a p p l y   wash   l i q u i d   in  t h e   s o l i d   b o w l  

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

t h e   s o l i d s ,   i s   r e c o v e r e d   and  r e - c i r c u l a t e d   w i t h o u t  

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

( i i i )   a p p l y   wash   l i q u i d   to  t h e   s c r e e n   b o w l  

d e c a n t i n g   c e n t r i f u g e   as  ( i )   and  ( i i )   a b o v e ,   e i t h e r   i n  

p l a c e   of  or  in  a d d i t i o n   to  t h e   s c r e e n   w a s h .  



1.  A  m e t h o d   of  r e m o v i n g   c a r r i e r   l i q u i d  

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

in  a  d e c a n t e r - t y p e   c e n t r i f u g e ,   c h a r a c t e r i s e d   by  i n t r o d u c i n g  

a  f u r t h e r   l i q u i d   (42)  i n t o   t he   bowl  (10)  w h i c h   is   b o t h  

i m m i s c i b l e   w i t h   and  of  h i g h e r   s p e c i f i c   g r a v i t y   t h a n   t h e  

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

bowl  a  body  of  t h i s   f u r t h e r   l i q u i d   d e f i n i n g   a  t r a n s f e r  

zone  (46)  d i s p o s e d   r a d i a l l y   o u t w a r d l y   of  t he   body   o f  

c a r r i e r   l i q u i d ,   t he   s o l i d s   (32)  s e p a r a t e d   f rom  t h e  

c a r r i e r   l i q u i d   by  c e n t r i f u g a l   a c t i o n   moving   i n t o   s a i d  

t r a n s f e r   zone  (46)  w h e r e   c a r r i e r   l i q u i d   a d h e r i n g   to-  t h e  

s o l i d s   p a r t i c l e s   is  d i s p l a c e d   by  t h e   s e c o n d   l i q u i d   ( 4 2 )  

of  h i g h e r   s p e c i f i c   g r a v i t y ,   t he   s o l i d s   p a r t i c l e s   ( 3 2 )  

b e i n g   s c r o l l e d   t h r o u g h   s a i d   t r a n s f e r   zone  (46)  to  t h e  

s o l i d s   o u t l e t   (22)  of  t h e   b o w l .  

2.  -A  d e c a n t e r - t y p e   c e n t r i f u g e   f o r   p e r f o r m i n g  

the   m e t h o d   of  c l a i m   1,  c o m p r i s i n g   a  s o l i d   bowl  h a v i n g   a  

c y l i n d r i c a l   p o r t i o n   (16)  and  a  f r u s t o   c o n i c a l   p o r t i o n  

(18)  and  a d a p t e d   to  be  r o t a t e d   a b o u t   a  h o r i z o n t a l   a x i s ,  

a  h e l i c a l   c o n v e y o r   (20)  d i s p o s e d   c o a x i a l l y   w i t h i n   t h e  

bowl  f o r   r o t a t i o n   at   a  d i f f e r e n t   s p e e d   to  t he   b o w l ,   a  

l i q u i d   d i s c h a r g e   o u t l e t   (24)  at  t h e   c y l i n d r i c a l   end  o f  

t he   b o w l ,   and  a  s o l i d s   d i s c h a r g e   o u t l e t   (22)  a t   t h e   f r u s t o -  

c o n i c a l   end  of  t he   b o w l ,   c h a r a c t e r i s e d   by  means  ( 5 4 )  

d i s p o s e d   a d j a c e n t   t he   s o l i d s   d i s c h a r g e   end  of  t he   bowl   f o r  



i s o l a t i n g   s a i d   body   of  c a r r i e r   l i q u i d   f rom  t he   f r u s t o -  

c o n i c a l   p o r t i o n   (18)  of  t h e   b o w l ,   so  t h a t   when  t h e  

s o l i d s   (32)  a re   s c r o l l e d   f rom  t h e   t r a n s f e r   zone  (46)  u p  

the   f r u s t o - c o n i c a l   p o r t i o n   (18)  of  t he   bowl  to  t he   s o l i d s  

d i s c h a r g e   o u t l e t   ( 2 2 ) ,   t h e y   a r e   n o t   r e - c o n t a m i n a t e d   b y  

c a r r i e r   l i q u i d .  

3.  A  d e c a n t e r - t y p e   c e n t r i f u g e   as  c l a i m e d  

in  c l a i m   2  w h e r e i n   s a i d   i s o l a t i n g   means   c o m p r i s e s   a  

f i r s t   a n n u l a r   d i s c   (54)   c a r r i e d   by  t he   c o n v e y o r   ( 2 0 )  

f o r   c o a x i a l   r o t a t i o n   t h e r e w i t h   and  d i s p o s e d   a d j a c e n t  

t h e   s o l i d s   d i s c h a r g e   end  of  t he   b o w l ,   t he   o u t s i d e  -  

d i a m e t e r   of  s a i d   f i r s t   d i s c   (54)  b e i n g   such   t h a t   i t  

e x t e n d s   i n t o   s a i d   body  of  f u r t h e r   l i q u i d   (42)  and  t h e  

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

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

of  c a r r i e r   l i q u i d .  

4.  A  d e c a n t e r - t y p e   c e n t r i f u g e   as  c l a i m e d  

in  c l a i m   2  or  3  i n c l u d i n g   a  s e c o n d   a n n u l a r   d i s c   ( 5 2 )  

c a r r i e d   by  t he   c o n v e y o r   (20)  f o r   c o a x i a l   r o t a t i o n   t h e r e -  

w i t h   and  d i s p o s e d   a d j a c e n t   t he   l i q u i d   d i s c h a r g e   end  o f  

the   b o w l ,   t he   o u t s i d e   d i a m e t e r   of  s a i d   s e c o n d   d i s c   ( 5 2 )  

b e i n g   s u c h   t h a t   i t   e x t e n d s   i n t o   s a i d   body  of  f u r t h e r  

l i q u i d   (42)  and  the   i n s i d e   d i a m e t e r  b e i n g   s u c h   t h a t   i t  

e x t e n d s   r a d i a l l y   i n w a r d l y   of  t he   r a d i a l l y   i n n e r   s u r f a c e  

of  s a i d   body  of  c a r r i e r   l i q u i d ,   and  o u t l e t   p i p e   means  ( 5 0 )  

f o r   r e m o v i n g   c a r r i e r   l i q u i d   f rom  t h e   bowl  and  d e f i n i n g  



t he   r a d i a l l y   i n n e r   s u r f a c e   l e v e l   of  t h e   body   of  c a r r i e r  

l i q u i d .  

5.  A  d e c a n t e r - t y p e   c e n t r i f u g e   f o r   p e r f o r m i n g  

t h e   m e t h o d   of  c l a i m   1,  c o m p r i s i n g   a  s o l i d   bowl  (10)  h a v i n g  

a  c y l i n d r i c a l   p o r t i o n   (16)  and  a  f r u s t o - c o n i c a l   p o r t i o n  

(18)  and  a d a p t e d   to  be  r o t a t e d   a b o u t   a  h o r i z o n t a l - a x i s ,  

a  h e l i c a l   c o n v e y o r   (20)  d i s p o s e d   c o a x i a l l y   w i t h i n   t h e  

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

b o w l ,   a  l i q u i d   d i s c h a r g e   o u t l e t   -(24)  at   t he   c y l i n d r i c a l  

end  of  t he   b o w l ,   a  s o l i d s   d i s c h a r g e   o u t l e t   (22)  a t   t h e  

f r u s t o - c o n i c a l   end  of  t he   b o w l ,   and  an  a n n u l a r   d i s c  

(52)  c a r r i e d   by  t he   c o n v e y o r   f o r   c o a x i a l  r o t a t i o n  

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

of  t h e   b o w l ,   t he   o u t s i d e  d i a m e t e r   of  s a i d   d i s c   ( 5 2 )  

b e i n g   s u c h   t h a t   i t   e x t e n d s   i n t o   s a i d   body   of  f u r t h e r  

l i q u i d   and  t he   i n s i d e   d i a m e t e r   b e i n g   s u c h - t h a t   i t  e x t e n d s  

r a d i a l l y   i n w a r d l y   of  t he   r a d i a l l y   i n n e r   s u r f a c e   of  s a i d  

body  of  c a r r i e r   l i q u i d ,   and  o u t l e t   p i p e   means   (50)  f o r  

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

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

c a r r i e r   l i q u i d .  

6.  A  d e c a n t e r   c e n t r i f u g e   as  c l a i m e d   i n  

c l a i m   2  of  t he   c o n - c u r r e n t   f l o w   t y p e ,   h a v i n g   p a s s a g e  

means   (60)  f o r   l e a d i n g   s e p a r a t e d   c a r r i e r   l i q u i d   f rom  a  

l o c a t i o n   a d j a c e n t   t he   s o l i d s   d i s c h a r g e   end  of  t h e  

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



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

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

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

o u t l e t   end  w h e r e b y   s o l i d s   and  s e p a r a t e d   c a r r i e r   l i q u i d  

move  g e n e r a l l y   in  t h e   same  d i r e c t i o n   a l o n g   t h e  

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

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

c o m p r i s e s   a  f i r s t   s o l i d   a n n u l a r   d i s c   (54)  c a r r i e d   by  t h e  

c o n v e y o r   (20)   f o r   c o a x i a l   r o t a t i o n   t h e r e w i t h   and  d i s p o s e d  

a d j a c e n t   t h e   s o l i d s   d i s c h a r g e   end  of  s a i d   c y l i n d r i c a l  

p o r t i o n   of  t h e   b o w l ,   a  s e c o n d   s o l i d   a n n u l a r   d i s c   ( 5 2 )  

c a r r i e d   by  t h e   c o n v e y o r   (20)   f o r   c o a x i a l   r o t a t i o n  

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

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

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

t h e y   e x t e n d   i n t o   s a i d   body   of  f u r t h e r   l i q u i d   ( 4 2 ) ,   a  

t h i r d   a n n u l a r   d i s c   (66)  e x t e n d i n g   r a d i a l l y   i n w a r d l y   f r o m  

t h e   p e r i p h e r y   of  s a i d   c y l i n d r i c a l   p o r t i o n   of  t h e   bowl   a t  

a  l o c a t i o n   b e t w e e n   s a i d   s e c o n d   a n n u l a r   d i s c   (52)   a n d  

s a i d   l i q u i d   d i s c h a r g e   end  of  t h e   b o w l ,   and  o u t l e t   p i p e  

means   (68)   f o r   r e m o v i n g   s a i d   f u r t h e r   l i q u i d   (42)  f rom  t h e  

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

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

and  t h i r d   a n n u l a r   d i s c s   (66 ,   5 2 ) .  
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