
119) J  

Europaisches  Patentamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 0 6   6 7 5  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83306202.9 

©  Date  of  filing:  13.10.83 

©  Int.  CI.3:  B  03  C  1/00 
B  03  C  1/12 

@  Priority:  13.10.82  ZA  827484  ©  Applicant:  Edward  L  Bateman  Limited 
Bartlett  Road 
Boksburg  North  Tramvaal(ZA) 

(«)  Date  of  publication  of  application: 
25.04.84  Bulletin  84/17  ©  Inventor:  Yaniv.teaac 

Ha'GdudHa1vry7 
(w)  Designated  Contracting  States:  Qiryat-Haim  Haffa(IL) 

AT  BE  CH  DE  FR  GB  IT  U  LU  NL  SE 
@  Representatives  MarabalUHcffitcwAsBw  at  a l  

GALLAFEr4T&C0.8Staple^n 
London  WCTV7QH(GB) 

©  Magnetic  separation. 

  A  magnetic  separator  includes  a  carrier  sheet  (21)  over 
which  material  to  be  separated  magnetically  into  two  or 
more  fractions  passes  and,  behind  the  sheet,  an  arrange- 
ment  for  moving  successive  pairs  of  parallel  bar  magnets 
along  the  sheet.  The  pairs  are  separated  by  gaps  so  that 
there  are  gaps  between  magnetic  flux  lobes  to  which  the 
material  to  be  separated  is  subjected. 



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

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

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

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

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

i n   an  e n v e l o p e   c o n c e n t r i c   w i t h   t h e   r o l l .   T h e  

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

r o t a t e s   i t   c a r r i e s   w i t h   i t   z o n e s   of  h i g h   m a g n e t i c  

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

A f r i c a n   P a t e n t   No:  8 0 / 3 7 8 5 .   T h i s   p r i o r   p r o p o s a l   h a s  

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

An  o b j e c t   of  t h e   i n v e n t i o n   i s   t o   p r o v i d e   a  

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

s u c c e s s f u l .  

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 ,   a  m e t h o d   o f  

t r a n s p o r t i n g   f e r r o m a g n e t i c   p a r t i c l e s   on  a  n o n - m a g n e t i c  

s h e e t   a g a i n s t   the   a c t i o n   of  g r a v i t y   and  i n e r t i a  

c o m p r i s e s   t h e   s t e p   of  mov ing   s u c c e s s i v e   p a i r s   o f  

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

t h e   s h e e t   b e h i n d   t h e   s h e e t ,   so  t h a t   s u c c e s s i v e  

m a g n e t i c   f i e l d   l o b e s   of  s u b s t a n t i a l l y   t h e   same  v o l u m e  

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

s i g n i f i c a n t   f i e l d   g r a d i e n t s   or  f i e l d   g r a d i e n t s  

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

l o b e s .  



The  s u r f a c e   may  be   p r o v i d e d   by  a  n o n - m a g n e t i c  

e n v e l o p e   and   t h e   b a r   m a g n e t s   may  be  m o u n t e d   on  t h e  

s u r f a c e   of  a  d rum  p a r a l l e l   t o   t h e   e n v e l o p e .  

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

d r u m   s u r f a c e   on  s o f t   i r o n   y o k e s .  

In   t h e   p r e f e r r e d   f o r m   of  t h e   i n v e n t i o n   e a c h  

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

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

t h e   s p a c i n g   b e t w e e n   p a i r s   be  a t   l e a s t   e q u a l   to   t h e  

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

a b o u t   2 . 5   t i m e s   t h a t   s p a c i n g .  

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

r e f e r e n c e   to   s p e c i f i c   e m b o d i m e n t s   shown  by  way  o f  

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

F i g u r e   1  i s   a  d i a g r a m m a t i c   end  v i e w   of  a  

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

F i g u r e   2  i s   a  v i ew  s h o w i n g   one  a p p l i c a t i o n   of   t h e  

r o l l ,   a n d  

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

The  r o l l   shown  i n   F i g u r e   1  c o m p r i s e s   a  m i l d  

s t e e l   d rum  10  m o u n t e d   on  a  s h a f t   11  w h i c h   i s  

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

m o t i o n   t r a n s m i s s i o n   means   to   c a u s e   t h e   drum  10  t o  

r o t a t e .  

On  t h e   s u r f a c e   of  t h e   d r u m   10  t h e r e   a r e   m o u n t e d  

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

drum  10.   The  b a r   m a g n e t s   a r e   s a m a r i u m - c o b a l t   m a g n e t s ,  

w h i c h   a r e   p r e f e r r e d   due  to   t h e i r   low  m a s s .   B a r i u m  

f e r r i t e   m a g n e t s   can  a l s o   be   u s e d .   The  b a r   m a g n e t s  

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

p a i r   m a r k e d   13  and   1 4 .   The  m a g n e t s   13  a r e   s o  

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

N o r t h   p o l e s   w h i l e   t h e   m a g n e t s   14  h a v e   S o u t h   p o l e s  

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

p a i r s   o f  m a g n e t s   13  and  14  a t   t h e   c e n t r e   of  t h e   d r u m  

10  i s   30°  w h i l e   t h e   a n g l e   b e t w e e n   a d j a c e n t   p a i r s   o f  



m a g n e t s   14  or  13  i s   6 0 ° .  

A  t y p i c a l   a p p l i c a t i o n   of  t h e   r o l l   o f   F i g u r e   1 

i s   shown  i n   F i g u r e   2.  In   t h i s   c a s e   a  d r y   p o w d e r y  

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

f o r   t h e   r e m o v a l   or  r e c o v e r y   of  t h e   f e r r o m a g n e t i c  

p a r t i c l e s .   The  d rum  10  i s   s u r r o u n d e d   by  an  e n v e l o p e  

20  of  n o n - m a g n e t i c   m a t e r i a l ,   e . g .   f a b r i c a t e d   f rom  a  

s h e e t   of  s t a i n l e s s   s t e e l .   The  m i x t u r e   t o   be  t r e a t e d  

i s   f e d   on  to   a  p l a t e   21  so  t h a t   t h e   m i x t u r e   s l i d e s  

p a s t   t h e   e n v e l o p e   20.   N o n - m a g n e t i c s   f a l l   u n d e r   t h e  

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

a r e   t r a n s p o r t e d   a l o n g   the   s u r f a c e   of  t h e   e n v e l o p e   2 0 .  

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

23  and  24  w h i l e   t h e   s t r o n g l y   f e r r o m a g n e t i c   p a r t i c l e s  

f a l l   b e y o n d   t h e   s p l i t t e r   2 4 .  

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

w i t h   r e f e r e n c e   to  F i g u r e   2  i s   t h a t   when  a  drum  w i t h  

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

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

w e r e   a t t r a c t e d   to  t he   e n v e l o p e ,   b u t   t h e r e   was  n o  

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

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

s p l i t t e r   24.  The  s p a c i n g   p r o v i d e d   i n   F i g u r e   1 

seems  to   make  a l l   t he   d i f f e r e n c e .  

I t   a l s o   s e e m s   i m p o r t a n t   t h a t   t h e   m a g n e t s  

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

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

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

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

f o r   u s e   on  d r y   m a t e r i a l s ,   i t   can   a l s o   be   a p p l i e d   t o  

s l u r r i e s ,   e . g .   i n   t he   m a n n e r   shown  i n   F i g u r e   3.  - 

H e r e   a  s l u r r y   i s   pumped   in   a t   31  to  o v e r f l o w   a t   3 2 .  

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

e n v e l o p e   30  and  p a s s   o v e r ' u n d e r   a  s p r a y   33  w h i c h  

t r a n s p o r t s   them  f u r t h e r .  



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

on  a  n o n - m a g n e t i c   s h e e t   a g a i n s t   t h e   a c t i o n   of  g r a v i t y  

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

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

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

so  t h a t   s u c c e s s i v e   m a g n e t i c   f i e l d   l o b e s   of  s u b s t a n t i a l l y  

t h e   same  v o l u m e   p a s s   t h e   same  p a r a l l e l   l i n e s   on  t h e  

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

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

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

i n   t h e   l o b e s .  

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

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

m o u n t e d   p a r a l l e l   t o   one  a n o t h e r   and   t r a n s v e r s e   to  t h e  

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

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

p o l a r i t i e s   on  t h e i r   t o p   f a c e s   r e l a t i v e l y   to   t he   c a r r i e r  

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

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

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

d i f f e r e n t   p a i r s .  

3.  A  c a r r i e r   s u r f a c e   a c c o r d i n g   to   c l a i m   2  

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

t o p   f a c e s   of  t h e   same  p o l a r i t y .  

4.  A  c a r r i e r   s u r f a c e   a c c o r d i n g   to   c l a i m   2  or  3  

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

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

m e m b e r s   of  d i f f e r e n t   p a i r s .  

5.  A  c a r r i e r   s u r f a c e   a c c o r d i n g   to  c l a i m   4  

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



2 . 5   t i m e s   t he   f o r m e r   s p a c i n g .  

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

a  s u r f a c e   as   c l a i m e d   i n   a n y  o n e   of  c l a i m s   2  to   5,  a  

n o n - m a g n e t i c   s u r f a c e   to  one  s i d e   of  w h i c h   a n d  

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

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

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

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

t h e   c a r r i e r   s u r f a c e .  

7.  A  s e p a r a t o r   a c c o r d i n g   to  c l a i m   6  i n   w h i c h   t h e  

c a r r i e r   s u r f a c e   i s   a  drum  and  t h e   n o n - m a g n e t i c   s u r f a c e  

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

8.  A  s e p a r a t o r   a c c o r d i n g   to   c l a i m   6  or   7  in   w h i c h  

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

u n d e r   g r a v i t y .  

9.  A  s e p a r a t o r   a c c o r d i n g   to  c l a i m   6  or  7  i n   w h i c h  

the   m a t e r i a l   i s   c a r r i e d   away  f r o m   t h e   c a r r i e r   s u r f a c e  

by  means   of  a  f l u i d .  




	bibliography
	description
	claims
	drawings

