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When a l iquid is p laced  in crossed e lec t r i c  and m a g n e t i c  fields, 

there is developed a force of e l e c t r o m a g n e t i c  origin, supplementary  
to the normal  Arch imedean  force, with density 

f = kt grad H ~ + k s grad E 2 + ka [E X i l l .  (1) 

Here H is the m a g n e t i c  field, E the e l ec t r i c  field, and kr, k 2 

and ks are constants represent ing the l iqu id ' s  physical  properties 
(magne t i c  and d ie l ec t r i c  suscept ib i l i ty  and conduct iv i ty) .  A med ium 
of this type can be used to separate  m e c h a n i c a l  mix tures  according 

to various charac ter i s t ics  (density, conduct iv i ty ,  etc. ). The first 
topic examined  in the present paper is the s t ra t i f ica t ion  of the par-  

t ic les  to be separated.  This s i tuat ion is somewhat  s imi la r  to that  of 

a heavy  l iquid  which changes  in densi ty according to depth. Hence  

i t  is i m m e d i a t e l y  c l ea r  that  separators of the type examined  wi l l  

be at  their  most  e f f ic ient  when required to separate  several  end-  

products s imul taneously ,  e . g . ,  they are ideal  for f rac t ional  ana ly -  
sis. 

Figure 1 shows the s t ra t i f ica t ion  produced in a four -component  
mix tu re  by a laboratory dev ice  (the m e d i u m  used was a pa ramag-  

ne t ic  l iqu id  in a nonuniform m a g n e t i c  f ield:  the f igure shoves the 

posit ion before  and af ter  the f ie ld  was switched on). A m a g n e t i c  
f ield of the order of 1 . 5 . 1 0  4 gauss is required to produce supple-  

men ta ry  weight ing  of the order of 1 g m / c m  s due to m a g n e t i c  f ield 

nonuniformity  in a region with a charac te r i s t i c  s ize  of the order of 

10 cm in a pa r amagne t i c  l iquid  (manganese  chlor ide  solution of 

m a g n e t i c  suscept ib i l i ty  km m 8 �9 10s). On the other hand, a po ten t ia l  

d i f ference  of the order of 1 . 5 . 1 0  ~ V is required to a c h i e v e  the same 

effect  by e l ec t r i c  f ie ld  nonuniformity  in a d i e l ec t r i c  l iquid  (water  

with a d i e l ec t r i c  constant  ~ ~ 80). These assessments show tha t  the 

role  of e l ec t r i c  f ie ld  nonuniformi ty  in separators of the type ex-  

amined  is in f in i tes imal ,  wi th  the m a g n e t i c  and e l ec t r i c  f ields which 

can be ach ieved  in pract ice .  Nevertheless,  a d i e l ec t r i c  l iqu id  in a 

nonuniform e lec t r i c  f ie ld  could be used in de f l e c to r - t ype  separators 

opera t ing  at  subs tant ia l ly  lower e f fec t ive  densit ies.  In the usual case 

of separat ion in crossed f ields (magne tohydrodynamic  separa t ion)  the 

par t ic les  to be separated enter  the separat ion zone and distort the 

force pat tern which i n i t i a l l y  exis ted in i t  [1]. 

Now follows an e x a m i n a t i o n  of magne tohydros ta t i c  separat ion,  

i. e . ,  separat ion of nonfe r romagne t ie  par t ic les  in pa r amagne t i c  

l iquids in the absence  of an e l ec t r i c  f ie ld  (where E = 0). The te rm 

"magne tohydros ta t i c  separa t ion"  ref lec ts  the fac t  that  the in i t i a l  

po ten t ia l  dis tr ibut ion of m a g n e t i c  force in the l iqu id  is never  dis-  

turbed, and the loca l  eddy currents cha rac te r i s t i c  of crossed f ie lds  

do not arise in the v i c in i t y  of a submerged foreign par t ic le .  

From the condi t ion of hydros ta t ic  equ i l i b r ium of a pa r t i c l e  on 

the x axis (ve r t i ca l ly  downward) we have  

~o~ - Ak~ LrdH / d~ = 0 ,  (2) 

where &pg and Akm are the di f ferences  in the densi t ies  and m a g -  

ne t ic  suscep t ib i l i t i e s  of pa r t i c l e  and l iquid,  respec t ive ly :  i t  follows 

that  s t ra t i f ica t ion  in a nonuniform m a g n e t i c  f ie ld  wi l l  follow the 
pa ramete r  

O~ = Apg  / A k m  = H d H  / d x .  (s)  

The basic problem in magne tohydros t a t i c  separat ion is to c rea te  

those m a g n e t i c  f ields which g ive  a sa t is factory supplementa ry  we igh t -  

ing curve. 

The HdH/dx curve must mee t  the following requirements:  a) i t  

must be stable, i. e , ,  the ef fec t ive  density must not decrease  from 
above downward ( d a / d x  > 0); b) i t  must correspond to the range of 

physical  properties of the mix ture  to be separated ( a m i  n -< HdH/dx -< 

-< amax) ;  e) i t  must ensure that  the "resolving power" of the separa-  
tor d a / d x  conforms to the vo lumet r ic  concentra t ion distribution of 
the mix tu re  components .  

The physical  propert ies of the H.quid substant ia l ly  af fect  separator 

output and accuracy,  so the second problem in magnetohydros ta t ic  
separat ion is to se lect  a l iquid.  Aqueous solutions of iron, manganese,  
nickel ,  cobalt ,  etc. suits with fair ly pronounced pa ramagne t i c  prop- 

erties can be used. Figures 2 and 3 show the relat ionship of magne t i c  

suscept ib i l i ty  k m and viscosity ~ of MnC1 z and FeC1 a solutions to con-  

cent ra t ion  at  18 ~ C. To increase  e f fec t ive  density, f inely  dispersed 
suspensions of the above pa ramagne t i c  salts in h igh-dens i ty  organic 

l iquids  or suspensions of fe r romagnet ic  substances (iron, magne t i t e ,  

cobalt ,  n icke l )  in water  can be used [2, 3]. 
Some s imple  m a g n e t i c  f ie ld  configurations,  which are of interest  

in magnetohydros ta t ic  separation, wil l  now be examined .  Since the 

m a g n e t i c  f ie ld  is i r ro ta t ional  and its po ten t ia l  is a harmonic  function 

in regions where there  are no e l ec t r i c  currents, we find the fol lowing 
in the gap be tween the poles:  

H = grad V, AV = 0 .  (4) 

It is des i rable  to use the known solutions for the Laplace  equat ion  

(4) and study their  corresponding supplementary  weigh t ing  fields. 

The pole p iece  shape can then be  found without  di f f icul ty;  any two 
equ ipo ten t ia l  surfaces can be adopted as outlines. Restrict ing our- 

selves to a two-d imens iona l  si tuation,  we can now e x a m i n e  a sys- 

t em of par t ia l  solutions for equat ion  (4), which take  the form V = 

= X(r)Y(0) in polar coordinates  (r, 0). Analysis of these solutions 
shows that  only the fol lowing are of p rac t i ca l  interest :  

Vo = Ao O, V~ = A~r ~ s in  kO. (5)  

Here k > 1 is a constant,  and A k are arbi trary constants. Solu-  

tions of (3) de t e rmine  the cho ice  of m a g n e t i c  f ie ld  configurat ions 

to ensure a centra l  supplementary  weight ing  field, 

fo = - -  kmAo2er] r 3, f~ = k m A ~ k = ( k  - i)r~/C-aer. (6) 

This force f ie ld  wi l l  cause  the fol lowing supplementa ry  pressure 

in the l iquid:  

Po = r/~. kmAo2 / r 2, Pk = 1/2 kmA k 2k~r2(k-1), (7) 

Relations (6) and (7) show that  appropr ia te  se lec t ion  of constant  

k wi l l  g ive  essen t ia l ly  different  weight ing  fields. The effect  of k on 

pole gap  geomet ry  is i l lus t ra ted  by Fig. 4. When k = 0 (Fig. 4a) 

there  is a wedge-shaped  gap  in which weigh t ing  d iminishes  with dis-  
t ance  from center  as r -2. When k = 5 /4  (Fig. 4b), we igh t ing  d i -  

minishes  as r -1i t ,  and a wedge-shaped  neu t ra l  pole (iron insert) appears.  

When k = 3 / 2  (Fig. 4c) there  is an isoforce field, and when k = 2 

(Fig. 4d) weigh t ing  increases  l inea r ly  with dis tance.  The insert  aper-  
ture angle  increases  as k increases.  

We wiI1 now compare  the results of c a l c u l a t i n g  the expuls ive  

force ac t ing  on a spher ica l  pa r t i c l e  in a wedge-shaped  gap with the 

results obta ined by expe r imen t .  

An inf in i te  wedge-shaped  pole gap  f i l l ed  with pa r amagne t i c  f luid of 

m agne t i c  suscep t ib i l i ty  k m (Fig. 4a)  wilI  be examined .  A nonmagne t i c  
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Fig. 1. S t ra t i f ica t ion  of a fotlr-coll lpollell t  lllixttlrc: ;l) l~lixture m)t exposed to m a g -  
net ic  force; h) mix ture  strat if ied by actic~n of nqagiletic force. 
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Fig. 4. a) Wedge-shaped pole gap; 
b) pole gap with k = 8/4; c) pole gap 
with k = 3/2; d) pole gap with k = 2. 
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Fig. 6. Relationship between calculated and observed 
magnetic expulsive forces acting from a magnetic 
liquid on a 0.5 cm radius glass sphere in a wedge- 

shaped pole gap, 
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sphere of radius r0 is placed at a distance l 0 from the wedge apex. The 
hydrostatics formula 

is used. 
Here n is the vector of the normal to the surface of the sphere, 

ds the component of area and ex the single vector in the direction 
of the x axis. After introducing the spherical system of coordinates 
r', 0', ~' and substituting P0 from (7) we obtain 

F x 

kmro2AoZi~ i sin 0" cos 0' d0" 
_ ~ de O' lo,~_~ro,(l_sin,~O, cos2tO,)~_2roloeos- ~ .  (8) 

0 0 

After integration we obtain 

~[ . r 0  

With r0/Z o << 1 formula (9) takes the form 

F x ~ VzrCkmAo ~ (to / lo) a . (10) 

In experiments, the magnitude of r0//o was of the order of 0.1. 
Figure 5 gives a comparison of calculations by formula (10) and the 
experimental data. It is apparent from Fig. 8 that the theoretical 
and experimental results coincide satisfactorily at almost all heights 
in the gap. This makes it possible to determine the susceptibility of 
a nonferromagnetic liquid simply by weighing a nonmagnetic sphere 
in a wedge-shaped gap. 
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