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M A S T E R ’ S      A B S T R A C T

The study was undertaken in the attempt to adapt the process of

high-gradient magnetic separation for Israeli Flint Clay used in the

ceramics industry; the object was to beneficiate the material by

reducing the iron content down to 1% Fe2O3, in accordance with

marketability requirements.

Two batch-type methods were examined:

(a) Wet separation (WHIMS)

(b) Dry Separation (DHIMS)

In the wet method, an aqueous suspension is passed through the

separation cell with a ferromagnetic matrix (e.g. spherical steel

shot) in the gap of the electromagnet. Magnetic particles in the ore

(essentially those having high hematite content) are trapped in the

matrix space and removed periodically — by flushing, with the

magnetic field switched off — while others continue flowing

unhindered. In the dry method, the particulates are carried by a

strong air current, otherwise the separation process is similar.

The influence of the following parameters was studied:

• Flow rate

• Magnetic field intensity

• Particle size

• Type of matrix

• Impurities content in the ore

The wet process yielded a concentrate with less than 1% Fe2O3 at

over 70% recovery; in the dry process the limit was 1% Fe2O3 at

below 50% recovery. A correlation was established between

concentrate properties and separation parameters (correlation

coefficients: 0.91 and 0.84 respectively) thereby permitting

prediction of the results for a given regime.

The process was found to be both practical and efficient, as well as

suitable for other raw materials such as glass sands, kaolin, coal,

limestone and feldspar.

D O C T O R A T E ’ S    A B S T R A C T

This work includes an extensive literature survey on the whole

range of applications of dielectrophoresis with particular emphasis

on the subjects relating to filtration and separation of solids. Then

theoretical approaches are brought forward to analyze the role of

the various forces in potential and viscous flow regimes including

consideration of the three types of applied electric fields(constant,

sinusoidal, pulsed). Trajectories of particles for dielectrophoresis

with matrices are defined using the equations of motion for the

simulation of spherical particles passing through a matrix of rods

or beads with all the forces involved described by non-dimensional

groups. These trajectories computations allow for the determination

of the capture efficiency of a single matrix element and predict the

recovery of a full matrix at the starting stage. Another model is

described which deals with the forces equilibrium on the surface of

the particle buildup to determine its morphology — size and shape

— in the longitudinal case.

Additional phenomena susceptible to play an important part like

"dielectric flocculation" and presence of free charges are also

described using a novel approach.

Analytical and numerical calculations are performed to quantify the

phenomena described in the models and the importance of the

various non-dimensional groups is clarified with special attention

to the role of frequency for sinusoidal and pulsed fields. Other

calculations demonstrate the importance of secondary effects of

flocculation and electrophoresis.

Experimental results are reported for some particularly interesting

cases. Capture on a single rod is investigated with an optical system

allowing for observation of the particle buildup in real time, for the

three cases of orientation of the rod: longitudinal, transverse, axial.

Experiments for the three kinds of field are shown and analyzed

based on the theoretical concepts developed above. Other

experiments are performed using a full matrix to determine the

importance of the matrix type using mixtures of glass and steel

beads and an external field at 50 Hz. The influence of the field

intensity, feed amount and type are studied in depth for several

materials: iron, PVC, aluminum, and silicic acid powders. Solid/solid

separation is also attempted with slight success in non conventional conditions, namely a low conductivity and permittivity liquid and the frequency of the grid. These conditions are chosen to ensure economic feasibility for a dielectrophoretic process apt to separate solids.

Pilot scale systems are designed and built for experimenting in the

petrochemical industry and preliminary runs show the validity of the

method in its new design. The important finding is the efficiency of

using densely packed metal grids as electrodes and matrix since

excellent separation performance is attained at low voltage.

Optimization calculations for the ratio between the wires size and

their spacing distance show the need for closely packed grids.

This work is centered on the investigation of the governing mechanisms in dielectrophoretic separation. In addition to clarifying

the subject it emphasizes its great complexity on one hand and its

similarity to high gradient magnetic separation on the other. The

industrial applications are mentioned when describing the

experimental results both for petrochemical, mineral processing

and solid waste recycling schemes.

Most of the investigated aspects require continuation of the

research to obtain additional laboratory data as well as parametric

studies and optimization to design suitable devices for commercial

applications
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