Jan Drzymala

Mineral processing – lab exercise

Magnetic separation

Magnetic separation is one of methods applied in mineral processing for separation of valuable component of raw materials from gangue. The method exploits the difference in behavior of particles in magnetic fields. This property is characterized by the so-called magnetic susceptibility. In the International Unit System (SI) magnetic susceptibility is dimensionless and is denoted as (. More frequently a specific magnetic susceptibility ((w) is used and is defined as: 

(w = ( / (





(1)

where ( is the density of the material. The specific magnetic susceptibility (w is expressed in cm3/g.  There are other forms of susceptibilities including molar magnetic susceptibility (M. Some times (, (w , and (M found in handbooks or monographs are expressed in obsolete c.g.s. magnetic units which are not identical with the SI units. They require appropriate factors before translation into the SI system.  

Materials, which are repelled from the magnetic field, are called diamagnetics, and have negative values of the magnetic susceptibility. Particles attracted towards greater intensity of the magnetic field are called paramagnetics (Fig. 1).
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Fig. 1. Principle of magnetic separation 

Magnetic separation is based on principle that the force (F) acting on a particle is given by the equation:

F  = (0 (w mH grad H 




(2)

or in a more detailed form: 


 
[image: image2.wmf]÷

÷

ø

ö

ç

ç

è

æ

¶

¶

+

¶

¶

+

¶

¶

=

x

H

H

x

H

H

x

H

H

m

F

z

z

y

y

x

x

w

x

c

m

0

 

(3a)
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(3b)
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(3c)

A simplified equation for the force acting on a particle in magnetic field in one of the direction of space, for instance x, is:
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(4)

where

 F – magnetic force, N 

(0 – magnetic permeability of vacuum ((0 = 4(10–7 V·s/(A·m) = H/m)
(w – specific magnetic susceptibility, cm3/g 

m – mass of particles, g
H 
– magnetic field intensity, A/m 
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 – field gradient, A/m2.


The paramagnetics are further dived into such categories as true paramagnetics, ferromagnetics, ferrimagnetics, and antyferromagnetics. Their affiliation is determined by the behavior in changing magnetic field (Fig. 2) and temperature (Fig. 3).  
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Fig. 2 . Influence of magnetic field on magnetization of materials 


[image: image8.wmf]magnetic susceptibility

temperature

diamagnetics

antyferromagnetics

true paramagnetics

ferromagnetics

Néel point

Curie point


Fig. 3.  Influence of temperature on magnetic susceptibility of materials

The molar magnetic susceptibilities of selected diamagnetic materials are given in Table 1, while specific magnetic susceptibility of selected paramagnetic materials in Tables 2-3.

Table 1. Specific magnetic susceptibility of diamagnetic materials at  293 K (20 °C) 

	Mineral 
and its formula 
	–( M(10–6 cm3/g)

 (SI)
	Mineral and its formula 
	–( M(10–6 cm3/g)

 (SI)

	Elements 

	Diamond, C
	6,17
	Silver, Ag
	2,41

	Graphite, C
	44
	Gold, Au
	1,79

	Sulfur, (-S
	6,09
	Bismuth, Bi
	16,8

	Copper, Cu
	1,08
	
	

	Sulfides

	Sphalerite, ZnS
	3,27
	Stibnite, Sb2S3
	3,17

	Molibdenite, MoS2
	6,05
	Cinnabar, HgS
	2,99

	Argentite, Ag2S
	3,71
	Galena, PbS
	4,40

	Oxides

	Water (ice), H2O
	9,07
	Cuprite, Cu2O
	1,76

	Corundum, Al2O3
	3,80
	Zyncite, ZnO
	4,29

	Quartz, SiO2
	6,20
	Cassiterite, SnO2
	2,33

	Halogens

	Halite, NaCl
	6,49
	Fluorite, CaF2
	4,51

	Sylvinite, KCl
	6,54
	
	

	Carbonates 

	Magnesite, MgCO3
	4,83
	Cerusite, PbCO3
	2,88

	Calcite, CaCO3
	4,80
	
	

	Sulfites 

	Anhydrite, CaSO4
	4,47
	Barite, BaSO4
	3,84

	Gypsum, CaSO4·2H2O
	5,33
	Anglesite, PbSO4
	2,89

	Smithsonite, ZnSO4
	3,41
	
	


Table 2. Specific magnetic susceptibility (w of selected paramagnetic materials at room temperature ((w values strongly depend material purity) 

	Paramagnetics
	 Specific susceptibility
(w (SI), cm3/g
	Paramagnetics
	Specific susceptibility
 (w (SI), cm3/g

	Geothite

 FeOOH
	250–380·10–6
	malachite Cu2(OH)2CO3
	100–200·10–6

	Hausmanite

 Mn3O4
	500–760·10–6
	monacite (Ce,La,Dy)PO4
	120–250·10–6

	Ilmenite 

(Fe, Mn)TiO3
	200–1500·10–6
	siderite

FeCO3
	380–1500·10–6

	Limonite

Fe2O3 .H2O
	250–760·10–6
	wolframite (MnFe)WO4
	380–1200·10–6


Table 3. Specific magnetic susceptibility of selected paramagnetic minerals 

	Mineral
	Formula 
	(w   (10–3 cm3/g)

	1
	2
	3

	Sulfides

	Pyrite
	FeS2
	0,004–0,013

	Marcasite
	FeS2
	0,004–0,013

	Millerite
	NiS
	0,003–0,048

	Chalcopyrite
	CuFeS2
	0,011–0,055

	Bornite
	Cu5FeS4
	0,092–0,100

	Arsenic compounds

	Niccolite
	NiAs
	0,005 –0,011

	Oxides

	Geothite
	FeOOH
	0,38–0,46

	Manganite
	MnOOH
	0,36–0,50

	Pyrolusite
	MnO2
	0,30–0,48

	Wolframite
	(Fe, Mn)WO4
	0,40–0,53

	Chromite
	FeCr2O4
	0,32–0,38

	Carbonates

	Siderite
	FeCO3
	1,06–1,30

	Rhodochrosite
	MnCO3
	1,31–1,34


	Silicates

	Olivine
	(Mg, Fe)2SiO4
	0,11–1,26

	Orthopyroxene
	(Mg, Fe)SiO3
	0,04–0,92

	Clinopyroxene
	Ca(Mg, Fe)(SiO3)2
	0,08–0,80

	Amphiboles
	Hydrated silicates
	0,08–1,13

	Biotite
	K(Mg, Fe)3AlSi3O11(H2O
	0,05–0,98

	Cordierite
	(Mg, Fe)2Al4Si5O18
	0,08–0,41

	Garnet 
	(Ca, Mg, Fe, Mn)3(Al, Fe, Cr)2 (SiO4)3
	0,14–0,95

	Rodonite
	(Mn, Ca)SiO3
	0,67–1,10

	Dioptase
	CuSiO3(H2O
	0,106–0,111

	Garnierite
	(Ni, Mg)SiO3(H2O
	0,38–0,39


Magnetic separation can be preformed as a dry or wet process. Figure 4 shows a wet laboratory magnetic separator designed by Jones. The steel balls in the plastic compartment placed between the separator magnetic poles create a gradient of magnetic field as well as provide surface for collection of magnetic particles. 


[image: image9.wmf]Feed

N

S

Filling


Fig. 4. Laboratory Jones magnetic separator

Finely ground material is delivered from the top as an aqueous suspension. Particles with a high magnetic susceptibility are attached to the steel balls during the suspension flow through the separator while the weakly magnetic and diamagnetic particles are transported with water to the container beneath the separator (cycle 1). Next, the electromagnets of the separator are turned off, the compartment with the balls is rinsed with water, and the magnetic particles are recovered in another container placed beneath of the separator (cycle 2).
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Fig. 5. Separation in a Jones magnetic separator 

Exercise 1. Take 50 a gram sample of see sand and suspend it in 400 cm3 of water. Turn on the magnetic separator and set up it a low magnetic filed. Pour the suspension into the separator compartment containing the steel balls. Collect a tailing of the separation in a pan beneath the separator during this operation followed by additional rinsing the ball compartment with some water. Next, turn off the separator, and collect the first final concentrate of magnetic separation by rinsing the ball compartment with water. Repeat the experiment three times by circulating the tailing of each operation through the separator at each time increased magnetic fields. Determine the yield of each product visually, and next determine the content of black (magnetite and ilmenite), white (quartz), and pink (feldspars) minerals with a microscope. Make a balance of the magnetic separation of upgrading the see sand in the wet Jones separator. Plot suitable separation curves and evaluate the results of upgrading.
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