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Introduction

For those not fully acquainted with the field, magnetic

fluids or ferrofluids are ultra-stable colloidal dispersions

of small (-I0 m in diameter) particles of a magnetic

material (predominantly magnetic) in a non-magnetic carrier

fluid. Stability is acheived by coating the particles

with long chain surfactant molecules. Magnetic fluids

present a fascinating interdisciplinary challenge, bringing

together expertise, principally in magnetism, colloidal

chemistry, fluid dynamics, ultrasonics, optics, and neutron

and X-ray scattering.

The Third International Conference on Magnetic Fluids was



held at the University College of North Wales, Bangor from

June 28-30 this year, and brought together workers from

these many disciplines and many countries. The meeting was

a highly successful one for which thanks are due to the hard-

work of the chairmen Drs. S.W. Charles and J.P. Llewellyn

and the local organising conittee Drs. K.D.O’Grady,

A. Bradbury and J. Popplewell.

Magnetic Separation

Several papers were presented which were directly concerned

with magnetic separation. E. Blums, J. Plavins and

A. Chukhrov considered HGMS of magnetic colloids and suspen-

sions, taking into account the hydrodynamic interaction

between the particle and filtration element. Y. Zimmels

reviewed the technique of density separation of particulates

in terms of the range and scale of its applications and

different modes of operation. S.E. Khalafalla and

G.. Reimers described a method of removing particulates and

slimes from process waters by adding specially prepared ferro-

fluids followed by magnetic filtration. The method used

specially prepared small particles and was contrasted with the

in situ chemical generation of particles and the addition of

coarse magnetic powder. T. Shima, K.Chihara and S. Yamashita

reported on a pilot plant for scrap separation using the

variable upthrust of a magnetic fluid. The plant had a

capacity of 500kg h-I and generated levitation forces of

up to 10kg m-3. The operations and efficiency of the plant

were described.
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In addition to the papers listed here, there were many more

contributions covering other areas of research into magnetic

fluids. Others covered optical measurements and neutron

scattering as well as the many diverse applications of

magnetic fluids. In a short review it is clearly not

possible to cover all these topics. Full details of the

papers can be found in the conference proceedings which will

appear as a special issue of the Journal of Magnetism and

Magnetic Materials (volume 39) in December 1983.
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MAGNETIC SEPARATION AT MT-8

by R.P.A.R. van Kleef,

University of Nijmegen, The Netherlands.

The 8th International Conference on Magnet Technology was

held in Grenoble, between September 5-9, 1983. The conf-

erence was organised by Service National des Champs Intenses,

C.N.R.S. Grenoble and Institut de Recherche Fondamentale,

C.E.A.

Although Magnetic Separation was a new topic at this

conference, eleven papers were presented, divided over a

poster session and an oral session.

A summary of the poster session is given below.

3P l-Of. A WATER-COOLED, COMPENSATED SOLENIOD FOR HIGH

GRADIENT FILTRATION (HGMF) TESTS.

A.C. Lua, R.F. Boucher (University of Sheffield, U.K.).

In this paper the design and construction of a compensated

solenoid were presented, which produced a uniform magnetic

field in the region of space to be occupied by a magnetic

filter. This was achieved by designing an inner notched

compensating coil, capable of cancelling the terms of power



2 and 4 in the Taylor-expansion of the axial field, thus

compensating the solenoid sixth order.

The solenoid was constructed out of a series of double pan-

cake coils, wound of square hollow copper tubes, the hollow

space uspd for cooling purposes.

Results of field profile measurements and a detailed descrip-

tion of the woinding technique were given.

3PI-02. COAL CLE/qlNG AND FLY ASH UPGRADING USING HIGH

GRADIENT MAGNETIC SEPARATION.

C.P. van Driel, C.B.W. Kerkdijk(FDO, Amsterdam) and

J. Sikkenga (Holec: Hengelo, The Netherlands).

Results of high gradient magnetic separation experiments on

coal-water slurries and dry fly ash were presented. In order

to study the removal of sulphur and ash, four German coal

types were processed under vari.us experi.ental conditions,

leading to reductions of 60-80% in mineral matter and 40-95%

in pyritic sulphur. It has also been shown that the appli-

cation of larger magnetic fields allows the use of higher

flow rates and therefore a higher throughput ca be achieved

with the same separation efficiency as long as B/v is kept

cons rant.

Another important aspect of separation performance is the

recovery of coal in the product (tails) as well as its rela-

tion to the removal of ash and sul-.hur. Experimental

results indicate that high fluid velocities, together with
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high fields, are favoured

Dry HGMS experiments were performed on fly ash samples from

power plants. Separation runs at low fields split the

samples up into a magnetic and a non-magnetic fraction.

Significant differences in composition and particle size of

the magnetic fraction was observed for the various types of

fly ash.

3PI-03. COMPARISON OF VOLUME AND SURFACE MECHANISMS FOR

MAGNETIC SEPARATION OF BLOOD CELLS.

M.D Graham (Coulter Biochemical Research Corporation,

Concorde, U.S.A. )

It is possible to separate erythrocytes from whole blood by

converting intrinsic cellular hemoglobin into a paramagnetic

form, followed by a magnetic capture process like HGMS. Cells

which do not possess suitable magnetic properties, e.g.

leukocytes, can be separated when they are, in some sort of

way, attached to a magnetic particle. These methods are all

based on the fact that the cell exhibits a net paramagnetic

moment with respect to the surrounding diamagnetic fluid.

In this paper a new technique was described in which blood

cells containing diamagnetic hemoglobin were magnetically

separated from whole blood after absorption of paramagnetic

ions on the cellular membrane. For lanthanides like erbium

and dysprosium, it was possible to give the cell an appreci-

able paramagnetic moment with respect to the, in this case,

also paramagnetic backzround. This resulted in separation

51



efficiencies of about two orders greater than those of the

old techniques. The required magnetic fields were

enough to be produced by permanent magnets (almost 00 %

capture at 0.3 T).

3PI-04. AN ANALYSIS OF THE AXIAL-DISK VGMS CHARACTERISTICS.

P.A. Cheremnykh, V.K. Fyodorov, A.N. Piskunov (I.V. Kurchatov

Institute of Atomic Energy, Moscow, U.S.S.R.).

In _’his paper a me-hod was presented to calculate the oper-

ating efficiency of an open (volume) gradient magnetic

separator, as well as its sensitivity towards small differ-

ences in magnetic susceptibility. The separator consists of

a separation tube, placed inside the bore of a stack of disk-

shaped superconducting coils. The calculation is based on

an analysis of particle motion in the separation zone,

neglecting interparticle interactions.

The aim of the paper was to describe the separator perform-

ance in terms of geometrical parameters and then to optimize

the productivity per unit separator length, or per unit

volume of superconducting material for dry as well as wet

separation.

The authors have shown that these characteristics can be

described in terms of universal design factor Q, which is

defined as the product of permeability of free space, filling

factor of the superconducting material, inner coil radius and

the ratio of the critical parameters J and B of the super-
o o

conducting system.
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3PI-05. MAGNETIC SEPARATION USING SUPERCONDUCTION

SYSTEM MEANS.

V.I. Pvnivtsev, Y.A. Volikov, N.F. Egorov, E.M. Savitzky,

M.I. Bytshkova, G.D. Gondarevskaya (IMET AN SSSR) S.M. Angel-

ova, O.P. Makyuk (MGI, USSR).

This paper was not presented at the conference.

3PI-06. EFFICIENCIES OF AXIALLY-ORDERED HGMS-FILTERS IN A

MULTIWlRE MODEL.

H.Greiner, H. Hoffmann (Regensburg, Germany).

This paper was not presented at the conference. Instead, a

copy of the submitted paper was shown.

A model was presented by which the exact contribution of all

wires of a periodically ordered HGMS filter to the magnetic

and hydrodynamic forces could be calculated. This wa= done

by determining the field H(z) of an infinite periodic

magnetic lattice. From this, after some corrections, the

magnetic force related to a finite lattice was derived.

The calculations show how the filter efficiently is related,

via dimensionless parameters, to the packing fraction and

lattice geome try.
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The 29th Annual MMM Conference took place in the Pittsburgh

Hilton Hotel on the 8-II, November, 1983.

On the Friday morning, Session GC entitled ’Magnetic

Separation, Ferrofluids and Magnetochemistry’ was chaired by

Dr. E Maxwell.

Contributed papers include"

’Particle Capture by an Assemblage of Spheres in HGMS’, by

C. Moyer, M. Natenapit and S. Arajs, Department of Physics,

Clarkson College of Technology, Potsdam, N.Y. 13676.

’Gaseous HGMF of Cupric Oxide Particles’ by A.C. Lua and

R.F. Boucher, Department of Mechanical Engineering, University

of Sheffield, Sheffield S! 3JD, U.K.

’Application of Magnetic Susceptibility Gradients to

Magnetic Separation’ by J.Y Hwang, M. Takayasu, G. Kullerud and

F.J. Friedlaender, Purdue University, West Lafayette, I.N. 47907.


