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©  Method  and  apparatus  for  cleaning  metallic  fines. 

A  continuous  method  for  cleaning  metallic  particles  such 
as  fines,  chips  and  the  like,  includes  continuously  introduc- 
ing  the  dirty  metallic  particles  into  a  flow  path  in  sufficient 
quantity  to  form  a  bed  of  the  particles.  The  bed  is  moved 
along  the  flow  path  toward  a  discharge  point  while  con- 
tinuously  agitating  the  bed  of  particles.  A  gravity  flow  of  a 
detergent  solution  is  provided  along  the  flow  path  to  flow 
through  the  bed  of  particles  contra  to  their  movement.  The 
solution  is  drained  from  the  path  at  a  point  beyond  the  point 
at  which  the  particles  are  introduced  so  as  to  carry  dirt  away 
from  the  bed.  The  apparatus  for  performing  the  method 
includes  a  rotatable  hollow  drum  (14)  having  the  lowest 
portion  of  its  second  end  elevated  with  respect  to  the  lowest 
portion  of  its  first  end.  The  particles  are  continuously 
introduced  to  the  interior  of  the  drum  (14)  at  a  point 
intermediate  the  ends  thereof.  A  helical  worm  (42,  44) 
mounted  to  the  drum  interior  extending  from  the  first  to 
second  end  cooperates  with  rotation  of  the  drum  (14)  to 
transport  the  particles  to  the  second  end  of  the  drum  (14). 
The  detergent  solution  is  introduced  into  the  drum  interior  to 
flow  over  and  through  the  particles,  and  is  drained  from  the 
drum  (14)  near  the  first  end  thereof.  Following  draining  from 
the  drum  (14),  the  solution  is  continuously  passed  through  a 
separating  device  (88)  for  separating  oil  and  dirt  from  the 
solution. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   a n d  

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

f rom  m e t a l l i c   f i n e s ,   as  w e l l   as  f rom  l a r g e r   m e t a l l i c  

p a r t i c l e s   s u c h   as  c h i p s ,   t u r n i n g s   or  b o r i n g s ,   and  e v e n  

b u s h e l i n g s .  

In  many  i n d u s t r i a l   o p e r a t i o n s ,   m e t a l w o r k i n g  

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

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

o t h e r   m e t a l l i c   w a s t e .   O f t e n ,   b e f o r e   b e i n g   w o r k e d ,   t h e  

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

r e d u c e   w e a r   on  t h e   m e t a l w o r k i n g   m a c h i n e r y   and  t o  

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

w o r k p i e c e .   As  a  r e s u l t ,   t h e   f i n e s   and  o t h e r   m e t a l l i c  

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

A d d i t i o n a l l y ,   any  d i r t   w i t h   w h i c h   t h e   m e t a l   may  c o m e  

in  c o n t a c t   w i l l   be  h e l d   by  t h e   o i l .  

In  v i e w   of   t h e   l a r g e   a m o u n t   of  w a s t e   t h a t   i s  

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

m e t a l l i c   w a s t e   by  m e l t i n g   i t   down  f o r   r e u s e .   The  o i l  

and  d i r t   t y p i c a l l y   c a r r i e d   by  t h e   w a s t e   p a r t i c l e s ,  

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

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

to  m e l t   t h e   p a r t i c l e s   g e n e r a l l y   r e s u l t   in  some  o x y d i z -  

ing  of   t h e   c u t t i n g   o i l s ,   t h e   o x i d i z a t i o n   i s   o f t e n  

i n c o m p l e t e ,   and  o i l   and  c o m p o n e n t s   t h e r e o f   may  b e  

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

c o l l e c t e d   in  b a g h o u s e s   or   d u s t   c o l l e c t i o n  s y s t e m s .  

F u r t h e r ,   any  c a r b o n   f rom  t h e   o i l   w h i c h   i s   n o t   r e m o v e d  

by  t h e   h i g h   m e l t i n g   t e m p e r a t u r e s   w i l l   be  r e t a i n e d  

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

h i g h   l e v e l   of   i m p u r i t i e s   t h e r e i n .   The  d i r t   w i l l  

r e s u l t  i n   a  g r e a t e r   q u a n t i t y   of   s l a g   t h a t   m u s t   b e  

r e m o v e d   f r o m   t h e   m e l t .  

C l e a r l y ,   t h e   s o l u t i o n   to   t h e   a b o v e - m e n t i o n e d  



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

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

B e s i d e s   a v o i d i n g   t h e   d i s a d v a n t a g e s   d i s c u s s e d   a b o v e ,   i f  

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

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

w e l l .  

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

known  f o r   c l e a n i n g   o i l   and  d i r t  f r o m   m e t a l l i c   w a s t e  

p a r t i c l e s .   In  U . S .   p a t e n t   No.  3 , 1 6 3 , 9 2 9 ,   i s s u e d    ̀

J a n u a r y   5,  1965   t o   G o o d s t e i n ,   a  m e t h o d   f o r   c l e a n i n g  

m e t a l   c h i p s   i s   d i s c l o s e d   w h e r e i n   t h e ' c h i p s   a r e   f e d  

i n t o   t h e   l o w e r   end  of   an  i n c l i n e d   r o t a t a b l e   d rum.   A 

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

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

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

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

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

t h e   c h i p s   a r e   moved   a l o n g   t h e   drum  and  a g i t a t e d   by  t h e  

f l a n g e   m e m b e r s .   The  c h i p s   a r e   s p r a y e d   w i t h   d e t e r -  

g e n t - l a d e n   s t e a m ,   w h i c h   i s   p r o v i d e d   to   t h e   drum  by  a  

p i p e   e x t e n d e d   i n t o   t h e   drum  a t   i t s   u p p e r   end .   T h e  

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

and  s t e a m   l e a v e s   t h e   p i p e   t h r o u g h   a  s e r i e s   of  h o l e s  

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

s t e a m ,   c a r r y i n g   t h e   o i l   and  d i r t ,   e x i t   t h e ' d r u m  

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

a  p l a t e   c l o s i n g   o f f   t h e   l o w e r   end  o f   t h e   d rum.   U p o n  

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

a r e   c o l l e c t e d   i n t o   a  h o p p e r .  

U.S .   p a t e n t   No.  3 , 5 4 4 , 3 6 9 ,   i s s u e d   D e c e m b e r   1 ,  

1970  to   K e o g h ,   d i s c l o s e s   a  m e t h o d   f o r   c l e a n i n g   m e t a l -  

l i c   w a s t e ,   s i m i l a r   to   t h a t   shown  in   t h e   G o o d s t e i n  

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

t y p e   c o n v e y o r .   R a t h e r   t h a n   a  r o t a t i n g   d rum,   h o w e v e r ,  

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



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

c l e a n e d   a r e   dumped   i n t o   t he   l o w e r   end  of  t h e   t r o u g h ,  

and  a r e   moved  u p w a r d l y   t h e r e a l o n g   by  t h e   s c r e w   c o n v e -  

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

p o u r e d   i n t o   t h e   u p p e r   end  of   t h e   t r o u g h ,   and  i s  

a l l o w e d   to  f o r m   a  p o o l   a t   t h e   l o w e r   e n d .   The  p o o l  

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

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

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

u p p e r   e n d .  

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

f l a n g e ,   i s   shown  in  U.S .   p a t e n t   No.  3 , 7 5 4 , 5 5 9 ,   i s s u e d  

A u g u s t   28,  1973  to   S e i w e r t .   The  f l a n g e   i s   m o u n t e d   t o  

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

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

t h e   l o w e r   end  and  a r e   c a r r i e d   by  t h e   f l a n g e   to  t h e  

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

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

i n t r o d u c e d   to   t h e   drum  i n t e r i o r   in   t h e   s o l i d   s e c t i o n s ,  

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

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

drum  i n t e r i o r   a d j a c e n t   t h e   p e r f o r a t e d   s e c t i o n s ,   so  a s  

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

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

d r u m .  

F i n a l l y ,   a n o t h e r   known  d e v i c e   f o r   c l e a n i n g  

m e t a l l i c   w a s t e ,   w h i c h   has   b e e n   s o l d   by  t h e   a s s i g n e e   o f  

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

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

m o u n t e d   a l o n g   t h e   e n t i r e   l e n g t h   of   t h e   d rum.   The  d r u m  

is   m o u n t e d   w i t h   i t s   a x i s   h o r i z o n t a l ,   b u t   t h e   f i r s t   t w o  

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

d i a m e t e r   a t   t h e   e n t r a n c e   to   t h e   f i r s t   s e c t i o n   i s  

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

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



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

e n t r a n c e   to   t h e   f i r s t   s e c t i o n .   The  wash   s o l u t i o n   i s  

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

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

s e c t i o n ,   w i t h   t h e   l i q u i d   f l o w i n g   o u t   t h e   wide   e n d s   o f  

t h e   f i r s t   and  s e c o n d   s e c t i o n s   to   e x i t   t h e   d rum.   T h e  

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

t h i r d   s e c t i o n   f o r   d r y i n g .  

W h i l e   p r e s e n t l y   known  d e v i c e s   s u c h   as  t h o s e  

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

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

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

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

l e s s   t h a n   60  mesh   (60  o p e n i n g s   p e r   l i n e a r   i n c h ,   o r  

2 3 . 4   o p e n i n g s   p e r   l i n e a r   c m ) .   In  t h e   G o o d s t e i n   a n d  

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

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

m o v e m e n t   of   t h e   m e t a l   c h i p s .   B e c a u s e   of   t h e   s m a l l  

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

in   t h e   c l e a n i n g   s o l u t i o n .   T h e r e f o r e ,   upon   i n t r o d u c -  

t i o n   i n t o   t h e   d rum  or  t r o u g h ,   some  of  t h e   f i n e s   w i l l  

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

o u t   t h e   l o w e r   end  o f   t h e   s y s t e m .   P r o v i s i o n   of   a  

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

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

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

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

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

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

d i r e c t i o n   as   m o v e m e n t   of   t h e   c h i p s .   The  f l u i d   e x i t s  

t h e   drum  a t   p o i n t s   a l o n g   t h e   m o v e m e n t   p a t h   of  t h e  

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

N e v e r t h e l e s s ,   n o t w i t h s t a n d i n g   t h e   u se   of  b a f f l e s  

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

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



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

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

to  b l o c k   t h e   o p e n i n g s .  

The  m e t h o d   d i s c l o s e d   in  t h e   Keogh  p a t e n t   a l s o  

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

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

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

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

s e p a r a t e   l a y e r   on  t h e   t o p   of   t h e   s o l u t i o n   due  to   t h e  

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

o f f ,   and  t h e   s o l u t i o n   i s   r e t u r n e d   to   t h e   t r o u g h .   S u c h  

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

r e q u i r e s   t h e   u s e   of   a  r e l a t i v e l y   l a r g e   s e t t l i n g   t a n k  

to  a l l o w   t h e   s o l u t i o n   to  become   r e l a t i v e l y   q u i e s c e n t  

f o r   a  p e r i o d   o f   t i m e   to   a l l o w   p r o p e r   s e t t l i n g .   T h i s  

in  t u r n   r e q u i r e s   t h e   use   of  a  r e l a t i v e l y   l a r g e   q u a n -  

t i t y   of   d e t e r g e n t   s o l u t i o n .  

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

d e t e r g e n t   s o l u t i o n   i s   d i s c l o s e d   in   U . S .   p a t e n t   N o .  

3 , 7 3 4 , 7 7 6 ,   i s s u e d   May  22,  1973  to   K e o g h .   The  u s e d  

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

to  s e p a r a t e   t h e   o i l   and  d i r t   f r o m   t h e   s o l u t i o n .   A s  

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

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

r e l a t i v e l y   g r e a t   e x p e n s e ,   t h e   o i l   and  d i r t  ' c a n   b e  

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

What   i s   n e e d e d ,   t h e r e f o r e ,   i s   a  m e t h o d   a n d  

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

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

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

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

f rom  t h e   u s e d   s o l u t i o n   s h o u l d   be  p r o v i d e d   f o r ,   t o  

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

w e l l   as  f o r   r e c o v e r y   and  r e u s e   of   t h e   o i l .   The  m e t h o d  

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



o p e r a t i o n .  

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

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

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

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

b u s h e l i n g s   and  t h e   l i k e .  

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

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

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

p a r t i c l e s   a r e   c o n t i n u o u s l y   i n t r o d u c e d   i n t o   t h e   d e t e r -  

g e n t   f l o w   a t   a  p o i n t   a l o n g   t h e   p a t h   i n t e r m e d i a t e   t h e  

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

p r o g r e s s   as  a  m o v i n g   a g i t a t e d   bed  in   c o u n t e r - c u r r e n t  

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

p a t h   p o i n t .  

The  m e t h o d   may  be  a c c o m p l i s h e d   by  i n t r o d u c i n g  

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

c o n t i n u o u s   h e l i c a l   b a f f l e   or  i n t e r n a l   worm,  s u c h   t h a t  

t h e   d rum  i n t e r i o r   d e f i n e s   an  i n c l i n e d   p a t h   e x t e n d i n g  

f r o m   t h e   f i r s t   end   to   t h e   s e c o n d   end   of  t h e   d r u m .   T h e  

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

d r u m ,   and   a r e   c a u s e d   to   f l o w   o r  p r o g r e s s   as  a  m o v i n g .  

a g i t a t e d   bed   in  a  r i s i n g   d i r e c t i o n .   The  d e t e r g e n t  

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

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

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

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

t h e   s e c o n d   or  d i s c h a r g e   end  of   t h e   d r u m .  

A l t e r n a t i v e l y ,   i f   i t   i s   d e s i r e d   to  s e p a r a t e  

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

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

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

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

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



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

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

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

r e c o v e r e d   a t   t h e   s e c o n d   or  d i s c h a r g e   end  of  t h e   d r u m ,  
w h i l e   t h e   f l u i d   i s   d r a i n e d   away  n e a r   t h e   f i r s t   o r  
l o w e r   end  of  t h e   d r u m .  

The  o i l   and  d i r t   c a r r i e d   by  p a r t i c l e s   to   b e  

c l e a n e d   by  t h e   d i s c l o s e d   m e t h o d   may  be  r e c o v e r e d  

t h r o u g h   a d d i t i o n a l   s t e p s   to  t h e   m e t h o d .   F o l l o w i n g  
f l o w   p a s t   t h e   f i r s t   or  l o w e r   end  of   t h e  d r u m ,   t h e  

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

a d a p t e d   f o r   s e p a r a t i n g   o i l   and  d i r t   f r o m   t he   s o l u -  

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

s e p a r a t i o n   t a n k ,   and  i s   t h e n   r e t u r n e d   to   t h e   p o i n t   a t  

w h i c h   t h e   f l u i d   i s   i n t r o d u c e d   to   t h e   drum  i n t e r i o r .  

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

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

and  a  s e c o n d   e n d .   The  drum  d e f i n e s   an  i n c l i n e d   f l o w  

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

e l e v a t e d   w i t h   r e s p e c t   to   t h e   f i r s t   e n d .   A  means   f o r  

r o t a t i n g   t h e   drum  i s   p r o v i d e d ,   as  w e l l   as  a  means   f o r  

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

of  t h e   d rum  a t   a  p o i n t   a l o n g   t h e   f l o w   p a t h   i n t e r m e d -  

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

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

t h e   drum  and  e x t e n d s   f rom  t h e   f i r s t   to   t he   s e c o n d   e n d .  

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

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

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

e x i t   f r o m   t h e   drum  a t   i t s   s e c o n d   e n d .   A  d e t e r g e n t  

s o l u t i o n   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   d r u m  

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

bed  of   p a r t i c l e s .   A  means   f o r   d r a i n i n g   t h e   d e t e r g e n t  

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



The  a p p a r a t u s   may  f u r t h e r   i n c l u d e   a  means   f o r  

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

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

t e d   a t   t h e   f i r s t   end  of   t h e   drum  and   d i r e c t e d   to   t h e  

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

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

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

i n t e r i o r .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   a  f u n n e l   member   i s  

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

r e l a t i v e l y   n a r r o w   o p e n   e n d ,   t h e   w i d e   end  b e i n g   o f  

s u b s t a n t i a l l y   t h e   same  s i z e   and  s h a p e   as  t h e   c r o s s -  

s e c t i o n   of   t h e   d r u m .   The  w i d e   end  of   t h e   f u n n e l   mem-  

b e r   i s   m o u n t e d   to   t h e   i n t e r i o r   of   t h e   d r u m ,   and  t h e  

n a r r o w   end   i s   d i r e c t e d   t o w a r d   t h e   s e c o n d   or  e l e v a t e d  

drum  e n d .   The  f u n n e l   member   t h u s   d e f i n e s   f i r s t   a n d  

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

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

s e c t i o n   o f   t h e   drum  to   a  p o i n t   a l o n g   t h e   f l o w   p a t h  

r e m o t e   f r o m   t h e   f i r s t   end  of   t h e   d r u m .  T h e   h e l i c a l  

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

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

a l o n g   t h e   d rum  i n t e r i o r   and  a l o n g   t h e   f u n n e l   member   t o  

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

or  worm  i s   m o u n t e d   to   t h e   i n t e r i o r   of   t h e   drum  a n d  

e x t e n d s   f r o m   t h e   f u n n e l   member   a l o n g   t h e   drum  i n t e r i o r  

to   t h e   s e c o n d   or  d i s c h a r g e   e n d .   The  f i r s t   and  s e c o n d .  

worms  a r e   e a c h   t h u s   o p e r a t i v e   in   r e s p o n s e   to   r o t a t i o n  

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

a l o n g   t h e   d rum  i n t e r i o r   t o w a r d   t h e   s e c o n d   e n d .   I n  

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

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

f r o m   t h e   f i r s t   s e c t i o n ,   a  f u r t h e r   m e a n s   f o r   i n t r o d u c -  

i ng   a  s e c o n d   s o l u t i o n   i n t o   t h e   s e c o n d   drum  s e c t i o n ,  

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



s e c o n d   d rum  s e c t i o n ,   a r e   a l s o   p r o v i d e d .   A  means   f o r  

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

t h e   f u n n e l   member   and  back   i n t o   t h e   f i r s t   drum  s e c t i o n  

i s   a l s o   i n c l u d e d .  

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

ing  m e t a l l i c   p a r t i c l e s   w h e r e i n   t h e   p a r t i c l e s   to  b e  

c l e a n e d   a r e   i n t r o d u c e d   i n t o   a  p a t h   d e f i n e d   by  a  r o t a -  

t a b l e   h o l l o w   d rum  h a v i n g   a  h e l i c a l   b a f f l e   or  w o r m  

m o u n t e d   to   t h e   i n t e r i o r   t h e r e o f ,   t h e   p o i n t   of   i n t r o -  

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

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

i n t e r i o r ;   to   p r o v i d e   s u c h   a  m e t h o d   and  a p p a r a t u s   c a p -  

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

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

t h e   d rum  i s   d i v i d e d   i n t o   two  s e c t i o n s   s u c h   t h a t   s e p a -  

r a t e   s o l u t i o n s   may  be  i n t r o d u c e d   i n t o   e a c h   s e c t i o n ;   t o  

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

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

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

and  t h e   c l e a n e d   s o l u t i o n   r e u s e d ;   and  to  p r o v i d e   s u c h  

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

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

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

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

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

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   r e a d -  

i l y   u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  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 e r s p e c t i v e   v iew  of  t h e   a p p a r a t u s  

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

t i o n ,   s h o w i n g   a  p o r t i o n   of   t h e   drum  e x t e r i o r   b r o k e n  

a w a y ;  

F i g .   2  i s   an  e l e v a t i o n a l   v i ew  of  t h e   d r u m ,  

w i t h   p o r t i o n s   of   t h e   drum  e x t e r i o r   b r o k e n   a w a y ;  



F i g .   3  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   l i n e   3 - - 3   of  Fig. .   2 ;  

F i g .   4  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   4 - - 4   of   F i g .   2 ;  

F i g .   5  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   5 - - 5   o f   F i g .   2 ;  

F i g .  6  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   l i n e   6 - - 6   of   F i g .   2 ;  

F i g .   7  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   l i n e   7 - - 7   of   F i g .   2 ;  

F i g .   8  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g  

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

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

F i g .   9  i s   a  p e r s p e c t i v e   v i e w   of  a  p o r t i o n   o f  

t he   s e p a r a t o r   of   t h e   a p p a r a t u s ;   a n d  

F i g .   10  i s   a  v i e w   i l l u s t r a t i n g   g e n e r a l l y   t h e  

o p e r a t i o n   of   t h e   s e p a r a t o r .  

R e f e r r i n g   g e n e r a l l y   to   t h e   d r a w i n g s ,   an  a p p a -  

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

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

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

t i o n   of   t h e   i n v e n t i o n ,   i t   w i l l   be  u n d e r s t o o d   t h a t   t h e  

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

a  s i z e   a p p r o x i m a t e l y   200  mesh   (200  o p e n i n g s   p e r   l i n e a r  

i n c h ,   or  78  o p e n i n g s   p e r   cm) ,  and  l a r g e r .   I t   w i l l   b e  

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

m e t a l l i c   f i n e s   in  d e s c r i b i n g   t h e   m e t h o d   and  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   d o e s   n o t   r e p r e s e n t   an  i n t e n -  

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

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

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

w i t h  l a r g e r   m e t a l l i c   w a s t e   p a r t i c l e s ,   such   as  c h i p s ,  

t u r n i n g s ,   b o r i n g s ,   b u s h e l i n g s   and  t h e   l i k e .  

The  a p p a r a t u s   10  f o r   c l e a n i n g   m e t a l l i c   f i n e s  

may  be  s e e n   g e n e r a l l y   i n  F i g .   1.  O i l - s a t u r a t e d ,   d i r t y  



f i n e s   a r e   l o a d e d   i n t o   h o p p e r   12,   f rom  which   the   f i n e s  

a r e   p a s s e d   i n t o   t he   l o w e r   end  of  a  r o t a t a b l e ,   s l i g h t l y  
i n c l i n e d   drum  14.  Drum  14  f u n c t i o n s   as  a  c o n v e y o r   f o r  

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

t h e   l e n g t h   of  t he   i n t e r i o r   of   t h e   drum  14.  C l e a n i n g  

f l u i d s   a r e   a p p l i e d   to  t h e   f i n e s   w h i l e   w i t h i n   drum  1 4 .  

The  f l u i d   i s   d r a i n e d   f rom  t h e   i n t e r i o r   of  drum  14,  a n d  

t h e   c l e a n e d   f i n e s   a r e   p a s s e d   o u t   of  t he   drum  14  a t   i t s  

u p p e r   end  1 6 .  

W h i l e   in  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   d r u m  

14  i s   g e n e r a l l y   c y l i n d r i c a l   in  s h a p e ,   i t   w i l l   b e  

r e c o g n i z e d   t h a t   t h e   r e q u i s i t e   c h a r a c t e r i s t i c   is   t h a t  

t h e   c o n v e y o r   p a t h   f o r m e d   by  drum  14  f o r   t r a n s p o r t i n g  

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

t h e   f l u i d   f rom  t he   f i n e s   to   t h e   l o w e r   end  of  t h e   d r u m  

14,   t h e r e b y   p r o v i d i n g   s e p a r a t i o n   of  t he   f l u i d   f rom  t h e  

f i n e s .   A c c o r d i n g l y ,   any  s h a p e   f o r   drum  14  in  a d d i t i o n  

to  an  i n c l i n e d   c y l i n d e r ,   f o r   e x a m p l e   a  c o n i c a l   d r u m  

h a v i n g   i t s   a x i s   h o r i z o n t a l   to   t h e   g r o u n d ,   t h a t   p r o -  
v i d e s   an  i n c l i n e d   p a t h   f o r   t h e   f i n e s   may  be  u s e d .  

Drum  14  i s   shown  in  d e t a i l   in  F ig .   2.  A 

f r a m e   20  f o r   s u p p o r t i n g   drum  14  i s   p r o v i d e d ,   to  w h i c h  

i s   m o u n t e d   a  p a i r   of  c r a d l e   m e m b e r s   22,  o n l y   one  o f .  

w h i c h   i s   shown.   A  p a i r   of   s u p p o r t   r i n g s   24  a r e  

m o u n t e d   a b o u t   t he   e x t e r i o r - o f   drum  14,  shown  a l s o   i n  

F i g .   5,  r e s t i n g   w i t h i n   one  c r a d l e   member  22,  f r e e l y  

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

drum  14.  Frame  20  i s   f u r t h e r   c o n s t r u c t e d   so  as  t o  

m a i n t a i n   drum  14  a t   a  s l i g h t   a n g l e   26  w i t h   r e s p e c t   t o  

t he   g r o u n d   28,  p r e f e r a b l y   on  t h e   o r d e r   of  2  to  7 ° .  

A  means  f o r   r o t a t i n g   drum  14  is  p r o v i d e d ,  

i n c l u d i n g   a  mo to r   30  d r i v i n g   a  g e a r   32  t h r o u g h   a n  

a p p r o p r i a t e   g e a r   r e d u c t i o n   ( n o t   s h o w n ) ,   wh ich   in  t u r n  

e n g a g e s   s p r o c k e t   r i n g   34  m o u n t e d ,   as  shown  in  F i g .   4 ,  



a b o u t   t h e   e x t e r i o r   of  d r u m . 1 4 .   M o t o r   30  i s   s e l e c t i v e -  

ly   a c t u a t e d   so  as   to  r o t a t e   drum  14  in  t he   d i r e c t i o n  

i n d i c a t e d   by  a r r o w   36,  p r e f e r a b l y   a t   a  r o t a t i o n a l  

s p e e d   in   t h e   a p p r o x i m a t e   r a n g e   of   1 / 2   to  5  r p m .  
The  i n t e r i o r   of   d rum  14  i s   d i v i d e d   g e n e r a l l y  

i n t o   a  f i r s t   s e c t i o n   38  and  a  s e c o n d   s e c t i o n   40.  E a c h  

s e c t i o n   38  and  40  of   drum  14  i n c l u d e s   a  h e l i c a l   w o r m  

42  and   44,   r e s p e c t i v e l y ,   m o u n t e d   a l o n g   t h e   e n t i r e  

l e n g t h   o f   t h e   s e c t i o n .   Drum  s e c t i o n s   38  and  40  a r e  

s u b s t a n t i a l l y   s i m i l a r ,   and  t h e   d e t a i l s   shown  w i t h  

r e s p e c t   to   drum  s e c t i o n   40  in   F i g .   2  g e n e r a l l y   a p p l y  

to  d rum  s e c t i o n   38  as  w e l l .  

Drum  s e c t i o n   40  e x t e n d s   f r o m   a  l o w e r   end  a t  

w h i c h   a  s e c t i o n   of   p e r f o r a t e d   w a l l   46  i s   p r o v i d e d   as  a  

p o r t i o n   of   t h e   e x t e r i o r   of  d rum  14,   to   an  u p p e r   end  a t  

w h i c h   a  c o n e - s h a p e d   f u n n e l   member   48  i s   p r o v i d e d .   T h e  

h e l i c a l   worm  44  e x t e n d s   a l o n g   t h e   l e n g t h   of  drum  s e c -  

t i o n   40 ,   f r om  a  p o i n t   a d j a c e n t   t h e   p e r f o r a t e d   w a l l  

s e c t i o n   46,   a l o n g   t h e   i n t e r i o r s   of   d rum  14  and  f u n n e l  

member   48.   Worm  4 4  i s   g e n e r a l l y   of   a  s o l i d   s t r u c t u r e ,  

b u t   i n c l u d e s   a  p e r f o r a t e d   s e c t i o n   50  as  t h a t   p o r t i o n  

of   worm  44  c o n t a i n e d   w i t h i n   f u n n e l   member   48,   as  i s  

a l s o   s h o w n   in  F i g .   6 .  

S i m i l a r l y ,   drum  s e c t i o n   38  i n c l u d e s   a  p e r f o r -  

a t e d   s e c t i o n   52  of   t h e   e x t e r i o r   of   d rum  1 4 ' a s   i t s  

l o w e r   e n d .   A  c o n e - s h a p e d   f u n n e l   member   54  d e f i n e s   t h e  

u p p e r   end   of   drum  s e c t i o n   38,   a n d ,   as  a l s o   shown  i n  

F i g .   7,  t h e   h e l i c a l   worm  e x t e n d i n g   a l o n g   drum  s e c t i o n  

38  i n c l u d e s   a  p e r f o r a t e d   s e c t i o n   56  as   t h a t   p o r t i o n   o f  

worm  42  c o n t a i n e d   w i t h i n   f u n n e l   member   54.  F u n n e l  

m e m b e r   54  a d d i t i o n a l l y   s e r v e s   as  a  d i v i d e r   b e t w e e n   t h e  

drum  s e c t i o n s   38  and  4 0 .  

The  f i n e s   to   be  c l e a n e d   a r e   i n t r o d u c e d   to   t h e  

i n t e r i o r   of  f i r s t   s e c t i o n   38  of  drum  14  by  a  c o n v e y o r  

58.  T h e  f i n e s   a r e   d e p o s i t e d   w i t h i n   s e c t i o n   38  a t   a  



p o i n t   b e y o n d   t h e   p e r f o r a t e d   w a l l   s e c t i o n   52  a n d  

s e v e r a l   f l i g h t s   a l o n g   worm  42.  R o t a t i o n   of   drum  1 4  

c a u s e s   worm  42  to  a d v a n c e   t h e   f i n e s   a l o n g   d rum  s e c t i o n  

38  t o w a r d   f u n n e l   member   54.  A  d e t e r g e n t   s o l u t i o n   i s  

s u p p l i e d   to   d rum  s e c t i o n   38  by  a  c o n d u i t   60  e x t e n d i n g  

i n t o   t h e   i n t e r i o r  o f   d rum  14  f rom  t h e   l o w e r   end  t h e r e -  

o f .   C o n d u i t   60  has   a  p l u r a l i t y   of  o r i f i c e s   d e f i n e d  

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

a p p l i e d   to   t h e  f i n e s   in  t h e   fo rm  of  s p r a y   j e t s ,   i n d i -  

c a t e d   g e n e r a l l y   as  6 2 .  

The  d e t e r g e n t   s o l u t i o n   p r o v i d e d   to   drum  s e c -  

t i o n   38  as  s p r a y   j e t s   62  t r a v e l s   a l o n g   drum  s e c t i o n   38  

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

m e t a l l i c   f i n e s ,   and  e x i t s   s e c t i o n   38  t h r o u g h   p e r f o r a -  

t e d   w a l l   s e c t i o n   52  as   i n d i c a t e d   by  a r r o w s   64,  s e e n  

a l s o   in   F i g .   3.  A  d r a i n   h o u s i n g   66  i s   p r o v i d e d   a b o u t  

t h e   p e r f o r a t e d   w a l l   s e c t i o n   52  of   drum  14,  so  as  t o  

c h a n n e l   t h e   u s e d   d e t e r g e n t   s o l u t i o n   i n t o   a  sump  6 8 .  

The  r o t a t i o n   of  d rum  14  c a u s e s   t h e   f i n e s   t o  

be  t u m b l e d   and  a g i t a t e d   as  t h e y   a r e   moved  a l o n g   t h e  

p a t h   d e f i n e d   by  worm  42.  G e n e r a l l y ,   t h e   o p p o s i t e   f l o w  

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

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

c o n v e y o r   58  s u c h   t h a t   t h e   f i n e s   a r e   i n t r o d u c e d   t o  d r u m  

s e c t i o n   38  a t   a  p o i n t   s e v e r a l   f l i g h t s   a l o n g   t h e   w o r m  

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

t h e   s u s p e n d e d   f i n e s   to   s e t t l e   f rom  t he   s o l u t i o n   p r i o r  

to   t h e   s o l u t i o n ' s   e x i t   f rom  drum  s e c t i o n   38  t h r o u g h  

t h e   p e r f o r a t e d   w a l l   s e c t i o n   52.  Thus ,   w i t h   p r o p e r  
s e l e c t i o n   of   f l o w   v e l o c i t y   f rom  t he   o r i f i c e s   of   c o n -  

d u i t   60,  v e r y   few  of   t h e   f i n e s   a r e   c a r r i e d   o u t   of   t h e  

drum  14  by  t h e   s o l u t i o n ,   nor   do  t h e   f i n e s   t e n d   t o  

b l o c k   t h e   o p e n i n g s   a l o n g   p e r f o r a t e d   w a l l   s e c t i o n   5 2 .  

The  f i n e s   a r e   c o n v e y e d   a l o n g   drum  s e c t i o n   3 8  

by  worm  42,  and  t h e n   t r a v e r s e   t he   i n t e r i o r   of   f u n n e l  



member   54 . .   The  f i n e s   a r e   c a r r i e d   a l o n g   f u n n e l   m e m b e r  

54  by  t h e   p e r f o r a t e d   s e c t i o n   56  of  worm  42,  w h e r e b y  

any  d e t e r g e n t   s o l u t i o n   s t i l l   c a r r i e d   by  worm  42  may  b e  

d r a i n e d   away  f rom  t h e   f i n e s .   Any  l i q u i d   so  d r a i n e d  

f l o w s   f r o m   f u n n e l   member   54  back   i n t o   drum  s e c t i o n   3 8 .  

Upon  r e a c h i n g   t h e   n a r r o w   end  of   f u n n e l   m e m b e r  

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

40.  As  in  t h e   f i r s t   drum  s e c t i o n   38,  t h e   f i n e s   a r e  

d e p o s i t e d   i n t o   drum  s e c t i o n   40  a l o n g   worm  44,  b o t h  ,  

b e y o n d   p e r f o r a t e d   w a l l   s e c t i o n   46  and  s e v e r a l   f l i g h t s  

a l o n g   worm  44.  The  f i n e s   a r e   a d v a n c e d   by  worm  44  

t o w a r d   f u n n e l   member   48,  and  a  s e c o n d   c l e a n s i n g  

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

a p p l i e d   to   t h e   f i n e s ,   s u p p l i e d   t h r o u g h   a  c o n d u i t   7 0  

e x t e n d i n g   i n t o   d rum  s e c t i o n   4 0  f r o m   t h e   u p p e r   end  1 6  

of   t h e   drum  14.   C o n d u i t   70  h a s   a  p l u r a l i t y   of   o r i -  

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

a p p l i e d   to   t h e   f i n e s   in  t h e   f o rm  of  s p r a y   j e t s ,   i n d i -  

c a t e d   g e n e r a l l y   as  72.  The  l i q u i d   f l o w s   a l o n g   t h e  

i n t e r i o r   of  drum  s e c t i o n   40  t o w a r d   t h e  l o w e r   e n d  

t h e r e o f ,   and  i s   d r a i n e d   f r o m   t h e   drum  s e c t i o n  4 0  

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

i n d i c a t e d   by  a r r o w s   74.  A  d r a i n   h o u s i n g   76  e n c l o s e s  

p e r f o r a t e d   w a l l   s e c t i o n   46,   so  as  to  c h a n n e l   u s e d  

s o l u t i o n   i n t o   a  s e c o n d   sump  7 8 .  

I t   w i l l   be  r e c o g n i z e d   t h a t   t h e   u se   of  t h e  

f u n n e l   member   54  as  t h e   d i v i d e r   b e t w e e n   drum  s e c t i o n s  

38  and  40  e n a b l e s   two  s e p a r a t e   s o l u t i o n s   to   be  a p p l i e d  

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

w i t h i n   a  s i n g l e   d r u m .  

A g a i n ,   s i n c e   t h e   f i n e s   a r e   d e p o s i t e d   i n t o  

drum  s e c t i o n   40  a t   a  p o i n t   s e v e r a l   f l i g h t s   a l o n g   w o r m  

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

o u t   of   drum  s e c t i o n   40  by  t h e   f l o w . o f   l i q u i d .   T h e  



f i n e s   a r e   moved  i n t o   f u n n e l   member   48,  w h e r e   t h e   p e r -  
f o r a t e d   s e c t i o n   50  of  worm  44  a l o n g   t h e   i n t e r i o r   o f  

f u n n e l   member   48  a l l o w s   t h e   l i q u i d   to   be  d r a i n e d   f r o m  

t h e   f i n e s .   The  f i n e s   a r e   t h e n   d e l i v e r e d   to   t h e   u p p e r  
end  16  o f   t h e   drum  1 4 .  

A p p r o p r i a t e   a p p a r a t u s   may  be  p r o v i d e d   s u c h  

t h a t   u p o n   e m e r g e n c e   f rom  u p p e r   end  16  of  d rum  14,   t h e  

c l e a n e d   f i n e s   may  be  d e p o s i t e d   w i t h i n   a  h o p p e r   ( n o t  

s h o w n ) .   A l t e r n a t i v e l y ,   t h e   c h i p s   may  be  s u p p l i e d   t o . a  

c o n v e y o r   ( a l s o   no t   s h o w n ) ,   and  may  be  d e l i v e r e d   t o   a  

m e a n s   f o r   d r y i n g   t he   f i n e s .  

The  o p e r a t i o n   of  t h e   e n t i r e   a p p a r a t u s   10  m a y  

be  s e e n   by  r e f e r e n c e   to   F i g .   8.  P r e f e r a b l y ,   t h e  

s u p p l y   of   c l e a n s i n g   l i q u i d s   to   drum  s e c t i o n s   38  and  40 

i s   a r r a n g e d   s u c h   t h a t   f i r s t   drum  s e c t i o n   38  f u n c t i o n s  

as  a  wash   s e c t i o n   f o r   t h e   m e t a l l i c   f i n e s ,   w h i l e   s e c -  

t i o n   40  s e r v e s   as  a  r i n s e   s e c t i o n .   B o t h   t h e   w a s h  

f l u i d   and  t h e   r i n s e   f l u i d  a r e   a  h e a t e d   a l k a l i n e   w a t e r -  

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

b e i n g   in   an  a p p r o x i m a t e   c o n c e n t r a t i o n   of  22g  p e r   l i t e r  

(3  o z .   p e r   g a l l o n ) .  

The  f i n e s   to   be  c l e a n e d   a r e   s u p p l i e d   t o  d r u m  

s e c t i o n   38  of   drum  14  f rom  h o p p e r   12  by  c o n v e y o r   5 8 . .  

The  wash   s o l u t i o n   i s   a p p l i e d   to   t h e   f i n e s ,   s u p p l i e d   t o  

d rum  s e c t i o n   38  as  i n d i c a t e d   s c h e m a t i c a l l y ' a t   80.  The  

f i n e s   a r e   t r a n s p o r t e d   t h r o u g h   drum  s e c t i o n   38  a n d  

d e p o s i t e d   i n t o   drum  s e c t i o n   40,  w h e r e   t h e   r i n s e   s o l u -  

t i o n   i s   a p p l i e d   to   t h e   f i n e s ,   s u p p l i e d   to   drum  s e c t i o n  

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

82.  The  f i n e s   a r e   t h e n   d e l i v e r e d   f r o m   t h e   drum  14  a t  

t h e   u p p e r   end  1 6 .  

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

s e c t i o n   38,  t h e   u s e d   wash  s o l u t i o n   i s   d r a i n e d   f r o m  

drum  14  t h r o u g h   p e r f o r a t e d   w a l l   s e c t i o n   52  i n t o   s u m p  

68.  The  l i q u i d   i s   t h e n   r e m o v e d   f r o m  s u m p   68  by  p u m p  



84,  and  p a s s e d   t h r o u g h   a  h e a t   e x c h a n g e   86.  H e a t  

e x c h a n g e   86  l o w e r s   t h e   t e m p e r a t u r e   of   t h e   wash  s o l u -  

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

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

F o l l o w i n g   c o o l i n g   in   h e a t   e x c h a n g e   86,   t h e   wash   s o l u -  

t i o n   i s   d i r e c t e d   to   s e p a r a t i o n   t a n k   88.  T h e  w a s h  

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

t a n k   88,  w h e r e i n   t h e   o i l   i s   r e m o v e d   f r o m   t h e   s o l u t i o n ,  

c o l l e c t i n g   a t   t h e   t o p   of   t h e   s e p a r a t i o n   t a n k   88,  w h i l e  

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

t i o n   i s   t h e n   p a s s e d   to   a  h e a t   t a n k   90,   w h e r e   t h e   s o l u -  

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

s o l u t i o n   i s   t h e n   r e t u r n e d   to   t h e   f i r s t   s e c t i o n   38  o f  

drum  14  by  pump  9 2 .  

S i m i l a r l y ,   f o l l o w i n g   e x p o s u r e   to   t h e   f i n e s  

w i t h i n   drum  s e c t i o n   40,   t h e   u s e d   r i n s e   s o l u t i o n   i s  

d r a i n e d   t h r o u g h   p e r f o r a t e d   w a l l   s e c t i o n   46  i n t o   s u m p s  
78.  The  u s e d   s o l u t i o n   i s   t r a n s p o r t e d   by  pump  9 4  

t h r o u g h   a  h e a t   e x c h a n g e   96  and  p a s s e d   t h r o u g h   s e p a r a - '  

t i o n   t a n k   98.  F o l l o w i n g   s e p a r a t i o n   of   t h e   o i l   a n d  

d i r t   f r o m   t h e   r i n s e   s o l u t i o n   i n  s e p a r a t o r   98,  t h e  

f l u i d   i s   d i r e c t e d   to   h e a t   t a n k   100  w h e r e a f t e r   i t   i s  

d e l i v e r e d   by  pump  102  b a c k   to   d rum  s e c t i o n   4 0 .  

The  s e p a r a t o r   104  c o n t a i n e d   w i t h i n   e a c h  o f  

s e p a r a t i o n   t a n k s   88  and  98  may  be  p a r t i a l l y   s e e n   i n  

F i g .   9.  S e p a r a t o r   104  i n c l u d e s   a  f r a m e   106  to   w h i c h  

i s   m o u n t e d   a  p l u r a l i t y   of   c o r r u g a t e d   p l a t e s   108 .   T h e  

p l a t e s   108  a r e   m o u n t e d   w i t h i n   f r a m e   106  so  as  to   b e  

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

f rom  t h e   u p p e r   to   t h e   l o w e r   e d g e   of  e a c h   p l a t e   1 0 8 .  

The  f l u i d   to   be  s e p a r a t e d   i s   d i r e c t e d   i n t o   s e p a r a t o r  

104  as  g e n e r a l l y   i n d i c a t e d   by  a r r o w s   1 1 0 ,   s u c h   t h a t  

t h e   f l u i d   f l o w s   b e t w e e n   t h e   p l a t e s   108  in   a  d i r e c t i o n  

p e r p e n d i c u l a r   to   t h e   c o r r u g a t i o n s   of  p l a t e s   1 0 8 .  



R e f e r r i n g   now  to  F i g .   10,   as  t h e   f l u i d . p a s s e s  
b e t w e e n   a  p a i r   of   c o r r u g a t e d   p l a t e s   108 ,   t he   o i l   1 1 2  

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

of   t h e   two  p l a t e s   1 0 8 ,   i n d i c a t e d   by  a r r o w s   14,   due  t o  

i t s   l o w e r   d e n s i t y   r e l a t i v e   to   t h e   w a t e r - b a s e d   s o l u -  

t i o n .   S i m i l a r l y ,   t h e   d i r t   116  c a r r i e d   w i t h i n   t h e  

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

p l a t e s   1 0 8 ,   as   shown  by  a r r o w s .   B e c a u s e   b o t h   t h e   o i l  

112  and  t h e   d i r t   116  t e n d   to   c o l l e c t   i n t o   t h e   c o r r u g a -  
t i o n s   of   t h e   p l a t e s   108 ,   t h e y   a r e   r e l a t i v e l y   s h i e l d e d  

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

p l a t e s   108 .   T h u s ,   t h e   o i l   l 1 2   i s   a b l e   to  move  u p w a r d -  

ly   a l o n g   e a c h   c o r r u g a t i o n   of  p l a t e s   108 ,   as  shown  b y  

a r r o w s   1 2 0 ,   u n t i l   a r r i v i n g   t h e   t o p   of  s e p a r a t i o n   t a n k  

88  or  98,  w h e r e   i t   f o r m s   an  u p p e r   l a y e r   on  t h e   s o l u -  

t i o n  c o n t a i n e d   t h e r e i n .   The  d i r t   116  t r a v e l s   in  a  

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

108 ,   as  shown  by  a r r o w s   1 2 2 ,   u n t i l   r e a c h i n g   t h e   b o t t o m  

of  s e p a r a t i o n   t a n k   88  or  9 8 .  

R e f e r r i n g   a g a i n   to   F i g .   8,  t h e   o i l   c o l l e c t e d  

a t   t h e   t o p   of  s e p a r a t i o n   t a n k   88  i s   d r a w n   o f f   as  i n d i -  

c a t e d   a t   124 .   S i m i l a r l y ,   t h e   o i l   f r om  t h e   t o p   o f  

s e p a r a t i o n   t a n k   98  i s   d r a w n   o f f   as  i n d i c a t e d   a t   1 2 6 .  

The  d i r t   c o l l e c t e d   a t   t h e   b o t t o m   of   s e p a r a t i o n   t a n k   88  

i s   r e m o v e d   t h e r e f r o m   by  an  a u g e r   ( n o t   shown)  as  i n d i -  

c a t e d   a t   128 ,   w h i l e   t h e   d i r t   c o l l e c t e d   a t   t he   b o t t o m  

of  s e p a r a t i o n   t a n k   98  i s   s i m i l a r l y   r e m o v e d   as  i n d i c a -  

t e d   a t   130 .   The  d i r t   c o l l e c t e d   f rom  b o t h  t a n k s   88  a n d  

98  i s   s u p p l i e d   t o  a   f i l t e r   u n i t   1 3 2 ,   w h e r e   any  r e m a i n -  

ing   l i q u i d   i s   r e m o v e d   f rom  t h e   d i r t .   The  d i r t   i s   t h e n  

c o l l e c t e d   f r o m   f i l t e r   u n i t   132  a t   134 ,   w h i l e   t h e  

l i q u i d   i s   d i r e c t e d   by  pump  136  b a c k   i n t o   s e p a r a t i o n  

t a n k   8 8 .  

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



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

b l e   drum  a t   a  p o i n t   r e m o t e   f r o m   t h e   l o w e r   end  of  t h e  

d rum  e n a b l e s   t h e   a p p a r a t u s   10  to   be  u s e d   w i t h   r e l a -  

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

be  r e c o g n i z e d   t h a t   t h e   a p p a r a t u s   10  may  a l s o   be  m o d i -  

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

f i n e s   f r o m   a  s l u r r y .   R e f e r r i n g   g e n e r a l l y   to  F i g .   2 ,  

in   s u c h   an  a p p l i c a t i o n ,   a  d r u m  s i m i l a r   to   drum  1 4  

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

p r o v i d e d   as  a  s t r e a m   i n t o   t h e   u p p e r m o s t   end  of   t h e  

d r u m ,   so  as  to   p r o v i d e   t h e   maximum  drum  i n t e r i o r  

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

w h i c h   t h e y   a r e   s u s p e n d e d .   As  in   t h e   c a s e   o f   t h e  

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

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

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

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

end  of  t h e   d r u m .  

W h i l e   t h e   m e t h o d s   h e r e i n  d e s c r i b e d ,   and   t h e  

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

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

i n v e n t i o n ,   i t   i s   to   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n  

i s   n o t   l m i t e d   to   t h e s e   p r e c i s e   m e t h o d s   and  fo rm  o f  

a p p a r a t u s ,   and  t h a t   c h a n g e s   may  be  made  in   e i t h e r  

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

w h i c h   i s   d e f i n e d   in   t h e   a p p e n d e d   c l a i m s .  



1.  A  c o n t i n u o u s ' m e t h o d   f o r   c l e a n i n g   m e t a l l i c  

p a r t i c l e s   s u c h   as   f i n e s ,   c h i p s   and  t h e   l i k e ,   c h a r a c -  

t e r i z e d   by  t h e   s t e p s   o f :  

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

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

f o r m   a  bed  of  t h e   p a r t i c l e s ;  

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

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

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

p r o v i d i n g   a  g r a v i t y   f l o w   of   a  d e t e r g e n t  

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

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

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

i n t r o d u c t i o n   p o i n t   so  as  to   c a r r y   d i r t   away  f rom  t h e  

b e d .  

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

as  f i n e s ,   c h i p s   and  t h e   l i k e ,   c h a r a c t e r i z e d   by  t h e  

s t e p s   o f :  

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

a  r o t a t i n g   h o l l o w   drum  (14)  h a v i n g   a  h e l i c a l   worm  ( 4 2 ,  

44)  m o u n t e d   to   t h e   i n t e r i o r   t h e r e o f   and  e x t e n d i n g   f r o m  

a  f i r s t   end  of   s a i d   drum  (14)  to   a  s e c o n d   end  e l e v a t e d  

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

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

s a i d   f i r s t   e n d ;  

r o t a t i n g   t h e   drum  (14)  s u c h   t h a t   t h e   d i r e c -  

t i o n   of   a d v a n c e   of   s a i d   worm  (42,   44)  i s   t o w a r d   s a i d  

s e c o n d   e n d ;  

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

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

d r a i n i n g   s a i d   d e t e r g e n t   s o l u t i o n   f rom  s a i d  

drum  i n t e r i o r   n e a r   s a i d   f i r s t   end  of   s a i d   d rum;   a n d  

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

s e c o n d   end  of   s a i d   d r u m .  



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

a s   f i n e s ,   c h i p s   and  t h e   l i k e ,   c h a r a c t e r i z e d   by  t h e  

s t e p s   o f :  

r o t a t i n g   a  h o l l o w   drum  (14)  h a v i n g   m o u n t e d   t o  

t h e   i n t e r i o r   t h e r e o f   a  m e a n s   (54)  d i v i d i n g   s a i d   d r u m  

i n t e r i o r   i n t o  a   f i r s t  s e c t i o n   a d j a c e n t  ( 3 8 )   a  f i r s t  

end   o f   s a i d   drum  and  a  s e c o n d   s e c t i o n   (40)  a d j a c e n t   a  

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

s a i d   d rum  (14)  f u r t h e r   h a v i n g   m o u n t e d   to   t h e   i n t e r i o r  

t h e r e o f   a  f i r s t   h e l i c a l   worm  (42)  e x t e n d i n g   f r o m  s a i d  

f i r s t   end  to   s a i d   d i v i d i n g   m e a n s   ( 5 4 ) ,   and  a  s e c o n d  

h e l i c a l   worm  (44)  e x t e n d i n g   f r o m   s a i d   d i v i d i n g   m e a n s  

to   s a i d   s e c o n d   e n d ,   s a i d  d r u m   (14)  b e i n g   r o t a t e d   s u c h  

t h a t   t h e   d i r e c t i o n   of   a d v a n c e   of   s a i d   f i r s t   and  s e c o n d  

worms   (42 ,   44)  i s   t o w a r d   s a i d   s e c o n d   e n d ;  

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

p a r t i c l e s   i n t o   s a i d   f i r s t   s e c t i o n   (38)  of  s a i d   d r u m  

i n t e r i o r   a t   a  p o i n t   r e m o t e   f r o m   s a i d   f i r s t   e n d ;  

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

s e c t i o n   (38)  of   s a i d   d rum  i n t e r i o r   to   f l o w   o v e r   a n d  

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

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

end   of   s a i d   drum  ( 1 4 ) ;  

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

f i r s t   s e c t i o n   (38)  a t   a  p o i n t   a d j a c e n t   s a i d   d i v i d i n g  

m e a n s   ( 5 4 ) ,   and  i n t r o d u c i n g   t h e   p a r t i c l e s   i n t o   s a i d  

s e c o n d   s e c t i o n   (40)  a t   a  p o i n t   r e m o t e   f r o m   s a i d   f i r s t  

s e c t i o n   ( 3 8 ) ;  

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

s e c o n d   s e c t i o n   (40)  to   f l o w   o v e r   and  t h r o u g h   t h e  

p a r t i c l e s   t h e r e i n ;  

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

s e c o n d   s e c t i o n   (40)  n e a r   s a i d   d i v i d i n g   m e a n s   ( 5 0 ) ;   a n d  

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

s e c o n d   end  of   s a i d   drum  ( 1 4 ) .  



4 .   A  m e t h o d   as  c l a i m e d   in  c l a i m s   1  or  2,  i n c l u d -  

ing   t h e   f u r t h e r   s t e p s   o f :  

d i r e c t i n g   s a i d   d e t e r g e n t   s o l u t i o n   f o l l o w i n g  
f l o w   p a s t   s a i d   f i r s t   p o i n t   to   a  s e p a r a t i o n   t a n k   ( 8 8 )  

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

d e t e r g e n t   s o l u t i o n   t h e r e f r o m ;  

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

t h r o u g h   s a i d   s e p a r a t i o n   t a n k   ( 8 8 ) ;   a n d  

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

drum  i n t e r i o r .  

5.  An  a p p a r a t u s   f o r   c l e a n i n g   m e t a l l i c   p a r t i c l e s  

s u c h   as  f i n e s ,   c h i p s   and  t h e   l i k e ,   i n c l u d i n g   a  r o t a t -  

a b l e   h o l l o w   drum  (14)  h a v i n g   a  f i r s t   end  and  a  s e c o n d  

e n d ,   s a i d   drum  b e i n g   d i s p o s e d   w i t h   t he   l o w e s t   p o r t i o n  

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

p o r t i o n   of   s a i d   f i r s t   e n d ;   a  h e l i c a l   worm  (42,   44 )  

m o u n t e d   to   t h e   i n t e r i o r   of  s a i d   drum  and  e x t e n d i n g  

f rom  s a i d   f i r s t   to   s a i d   s e c o n d   end  f o r   t r a n s p o r t i n g  

t h e   m e t a l l i c   p a r t i c l e s   a l o n g   s a i d   drum  i n t e r i o r ;   a n d  

means   (30)  f o r   r o t a t i n g   s a i d   drum  (14)  i n  a   d i r e c t i o n  

s u c h   t h a t   s a i d   worm  (42,   44)  a d v a n c e s   t h e   p a r t i c l e s  

t o w a r d   s a i d   s e c o n d   end  c h a r a c t e r i z e d   b y :  

means   (58)  f o r   c o n t i n u o u s l y   i n t r o d u c i n g   t h e  

m e t a l l i c   p a r t i c l e s   i n t o   t h e   i n t e r i o r   of  s a i d   drum  i l 4 )  

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

e n d s ;  

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

t i o n   i n t o   t h e   i n t e r i o r   of  s a i d   drum  (14)  to  f l o w   o v e r  

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

means   (52)  f o r   d r a i n i n g   s a i d   d e t e r g e n t   s o l u -  

t i o n   n e a r   s a i d   f i r s t   end  of  s a i d   d r u m .  



6.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m  5 ,   w h e r e i n  

s a i d   m e a n s   (60)  f o r   i n t r o d u c i n g   a  d e t e r g e n t   s o l u t i o n  

i n t o   t h e   i n t e r i o r   of  s a i d   d rum  i n c l u d e s   a  c o n d u i t  

d i s p o s e d   w i t h i n   s a i d   drum  i n t e r i o r   a l o n g   a t   l e a s t   a  

p o r t i o n   of   t h e   l e n g t h   t h e r e o f   and  h a v i n g   a t   l e a s t   o n e  

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

p a r t i c l e s .  

7.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m s   5  or  6 ,  

w h e r e i n   s a i d   m e a n s   (52)  f o r   d r a i n i n g   s a i d   d e t e r g e n t  

s o l u t i o n   f r o m   s a i d   drum  (14)  i n c l u d e s   a  p o r t i o n   o f  

s a i d   d rum  (14)  a d j a c e n t   s a i d   f i r s t   end  t h e r e o f   h a v i n g  

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

8.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   5,  w h e r e i n  

s a i d   d rum  (14)  i s  ' d i s p o s e d   s u c h   t h a t   t he   r o t a t i o n a l  

a x i s   o f   s a i d   drum  (14)  d e f i n e s   an  a n g l e   (26)  of  l e s s  

t h a n   11°  a b o v e   h o r i z o n t a l .  

9.  An  a p p a r a t u s   as  c l a i m e d   in  c l a i m   5,  f u r t h e r  

c o m p r i s i n g :  

m e a n s   (88)  f o r   c o n t i n u o u s l y   s e p a r a t i n g   o i l  

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

m e a n s   (68,   84)  f o r   c o l l e c t i n g   s a i d   d e t e r g e n t  

s o l u t i o n   f r o m   s a i d   s o l u t i o n   d r a i n i n g   m e a n s   (52)  a n d  

d i r e c t i n g   s a i d   s o l u t i o n   to   s a i d   s e p a r a t i n g   means   ( 8 8 ) ;  

a n d  

m e a n s   (92)  f o r   d i r e c t i n g   s a i d   d e t e r g e n t  

s o l u t i o n   f r o m   s a i d   s e p a r a t i n g   means   (88)  to  s a i d  

s o l u t i o n   i n t r o d u c t i o n   m e a n s   ( 6 0 ) .  

10.   An  a p p a r a t u s   a s  c l a i m e d   in  c l a i m s   5  or  9 

i n c l u d i n g   m e a n s   (90)  f o r   h e a t i n g   s a i d   d e t e r g e n t   s o l u -  

t i o n   p r i o r   t o   i n t r o d u c t i o n   t h e r e o f   i n t o   s a i d   drum  ( 1 4 ) ,  



11.  An  a p p a r a t u s   f o r   c l e a n i n g   m e t a l l i c   p a r t i c l e s  
s u c h   as   f i n e s ,   c h i p s   and  t h e   l i k e ,   i n c l u d i n g   a  r o t a t -  

a b l e   h o l l o w   drum  (14)  h a v i n g   a  f i r s t   end  and  a  s e c o n d  

e n d ,   s a i d   drum  (14)  b e i n g   d i s p o s e d   w i t h   t he   l o w e s t  

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

r e s p e c t   to   t h e   l o w e s t   p o r t i o n   of  s a i d   f i r s t   end  c h a r -  

a c t e r i z e d   b y :  

a  f u n n e l   member  (54)  h a v i n g   a  r e l a t i v e l y   w i d e  

o p e n   end  and  a  r e l a t i v e l y   n a r r o w   open   e n d ,   s a i d   w i d e  

end  b e i n g   of   s u b s t a n t i a l l y   t h e   same  s i z e   and  s h a p e   a s  

t h e   c r o s s - s e c t i o n   of   s a i d   drum  ( 1 4 ) ,   s a i d   f u n n e l  

member   (54)  b e i n g   m o u n t e d   to   t h e   i n t e r i o r   of  s a i d   d r u m  

(14)  a t   s a i d   w i d e   end  of  s a i d   f u n n e l   member  (54)  w i t h  

s a i d   n a r r o w   end  d i r e c t e d   t o w a r d s   s a i d   s e c o n d   drum  e n d ,  

s a i d   f u n n e l   member   d e f i n i n g   a  f i r s t   s e c t i o n   (38)  o f  

s a i d   d rum  (14)  a d j a c e n t   s a i d   f i r s t   end  and  a  s e c o n d  

s e c t i o n   (40)  a d j a c e n t   s a i d   s e c o n d   e n d ;  

a  f i r s t   h e l i c a l   worm  (42)  m o u n t e d   to   t h e  

i n t e r i o r   of   s a i d   drum  (14)  and  s a i d   f u n n e l   member   ( 5 4 )  

and  e x t e n d i n g   f rom  s a i d   f i r s t   end  a l o n g   s a i d   d r u m  

i n t e r i o r   and  s a i d   f u n n e l   member   ( 5 4 )  t o  s a i d   n a r r o w  

e n d ;  

a  s e c o n d   h e l i c a l   worm  (44)  m o u n t e d   t o   t h e  

i n t e r i o r   o f   s a i d   drum  (14)  and  e x t e n d i n g   f rom  s a i d  

f u n n e l   member   (54)  a l o n g   s a i d   drum  i n t e r i o r   to   s a i d  

s e c o n d   e n d ;  

m e a n s   (58)  f o r   c o n t i n u o u s l y   i n t r o d u c i n g  t h e  

m e t a l l i c   p a r t i c l e s   i n t o   s a i d   f i r s t   s e c t i o n   (38)  o f  

s a i d   d rum  (14)  a t  a   p o i n t   a l o n g   s a i d   drum  p a t h   r e m o t e  

f rom  s a i d   f i r s t   e n d ;  

m e a n s   (30)  f o r   r o t a t i n g   s a i d   drum  (14)  in   a  

d i r e c t i o n   s u c h   t h a t   s a i d   worm  (42 ,   44)  a d v a n c e s   t h e  

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

m e a n s   (60)  f o r   i n t r o d u c i n g   a  f i r s t   s o l u t i o n  

i n t o   s a i d   f i r s t   drum  s e c t i o n   (38)  to   f l o w   o v e r   a n d  



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

m e a n s   (52)  f o r   d r a i n i n g   s a i d   f i r s t   s o l u t i o n  

f rom  s a i d   f i r s t   drum  s e c t i o n   ( 3 8 ) ;  

m e a n s   (70)  f o r   i n t r o d u c i n g   a  s e c o n d   s o l u t i o n  

i n t o   s a i d   s e c o n d   drum  s e c t i o n   (40)  to   f l o w   o v e r   a n d  

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

m e a n s   (46)  f o r   d r a i n i n g   s a i d   s e c o n d   s o l u t i o n  

f r o m   s a i d   s e c o n d   drum  s e c t i o n   ( 4 0 ) .  

12.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   11,  i n c l u d -  

ing  m e a n s   (56)  f o r   d r a i n i n g   s a i d   f i r s t  s o l u t i o n   a w a y  
f rom  t h e   m e t a l l i c   p a r t i c l e s   a l o n g   s a i d   f u n n e l   m e m b e r  

( 5 4 ) .  












	bibliography
	description
	claims
	drawings

