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PARTICLE SEPARATION/PURIFICATION
SYSTEM, DIFFUSER AND RELATED
METHODS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/378,118, filed May 15, 2002,
the disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to the material
separation or purification arts and, more particularly, to a
particle separation/purification system including a non-ver-
tically oriented separator, a diffuser capable of use with such
a system, and related methods.

BACKGROUND OF THE INVENTION

The separation or purification of physical mixtures of fine
particles (called “beneficiation” in the vernacular) is accom-
plished primarily by establishing a bipolar charge on the
constituent particle species and then using mechanical or gas
conveyance to move the particles through selectively
charged electrical fields. In the example of the typical
arrangement shown in the schematic diagram of FIG. 1, the
particles (only one oversized particle P shown for purposes
of illustration) are carried by or entrained in a gaseous
medium and passed through a diffuser R (including possibly
with a co-flow of gas G devoid of particles) such that the
direction of conveyance or flow direction F, is generally
parallel to the direction of gravity (Y-axis or direction), or
“vertical.” One or more electrodes (usually elongated plates,
not shown) positioned adjacent to the flow create the electric
field E to effect separation of particles having a selected
charge (either positive or negative, depending on the charge
on the electrode, but shown as having a like charge in FIG.
1) by deflecting them. In the usual arrangement, the elec-
trode(s) are positioned such that a direction of the electric
field force F, is applied perpendicular to the flow direction
F (that is, aligned with the X-axis or direction in FIG. 1, or
the horizontal plane). As a result, the particle P having the
selected charge is deflected in the X-direction and its tra-
jectory T changes as it travels through this electric field
“zone,” such that it may be selected out of or separated from
the flow stream and collected.

Generally speaking, Newton’s Laws of classical mechan-
ics govern the motion of charged particles having diameters
near or greater than atomic dimensions. Consequently, when
suspended or entrained in a gas and under the influence of
an electric field and gravity, the principle forces acting on a
particle (assuming laminar flow, Stokes drag, no image force
and Brownian motion) include:

(1) gravitational force (F =mg); [1.1]

(2) electric field force (F,=qE); [1.2]

(3) viscous force (F,=6umn#¥); and [1.3]

(4) inertial force (Fy=m(dV/dt)), [1.4]

where:
E=electric field strength
p=viscosity of medium
V=particle velocity
g=acceleration due to gravity
y=direction perpendicular to the electric field
g=charge on the particle

10

15

20

25

40

45

55

60

65

r=radius of the particle
m=mass of the particle
x=direction parallel to the electric field

Summing up the forces for a vertically oriented separation
system in which the gravitational force is in the Y-direction
(see FIG. 2), the following is obtained:

2 = Fuoy=Fiey™0 [1.5]

ZF,=F¢Fipy=0 [1.6]
In the X-direction, the forces are:

Fo=FoyFigy™0 [1.7]

Substitution from Equations 1.1, 1.2, 1.3 and 1.4 into
Equation 1.7 yields:

ey —mYe o [1.8]
qE —6arpVy —m— = =
In the Y-direction:
FFypy=0 [1.9]
Substitution yields:
dv, [1.10]
mg — mW =0

Consequently, when oriented in the vertical orientation such
that a direction of the electric field force F, is perpendicular
to the direction of gravity (Y-direction), only this force acts
to deflect or move the charged particle P in the X-direction.
The viscous force and inertial force actually oppose this
deflection, rather than assist it.

Accordingly, a need is identified for a separation/purifi-
cation systems where the forces present, including the
gravitational force acting on the particles, are used to
advantage, including for separating lower density particles
considered impurities from higher density particles in a
particle mixture.

SUMMARY OF THE INVENTION

In accordance with a first aspect ofthe invention, a sepa-
rator for intended use in at least partially separating at least
one species of selectively charged particles from a particle
mixture carried by a fluid flow is disclosed. In one embodi-
ment, the separator comprises a tubular, elongated body for
receiving the fluid flow and a first electric field for deflecting
the selectively charged particles in at least a portion of the
body through which the fluid flow passes, and a first
partition defining first and second channels adapted for
receiving first and second portions of the fluid flow after
entering the first electric field, with at least one of the
portions of the fluid flow including selectively charged
particles deflected by the first electric field. To take advan-
tage of the influence of gravity of the particles, the electric
field is created such that a direction of an electric field force
acting on the selectively charged particles passing through
the first electric field is not perpendicular to a direction of
gravity. In a most preferred embodiment, the direction of the
electric field force is aligned with and generally parallel to
the direction of gravity and generally perpendicular to a






