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Abstract. This article deals with the method of
mineral particles separation according to their electric
conductivity. This process was carried out in the model
condenser by induction charging and dependence of the
minimum charge of the particles breaking away from the
charging electrode on the electric field strength was
studied.

Comparison of obtained results with the theoretical
calculation shows that, from the three forces — adhesion,
gravity and electrical acting on the particles, adhesion
force, acting between the particles and electrode, can be
neglected in case the minimum charge of the particle
breaking away from the electrode, because the particles

in this case have no time to change the orientation.
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Introduction

Recently, a strong electric field is widely used in
technological processes among methods of mineral
reaching, in particular in electron-ionic technology
(EIT).

EIT processes are widely applied in electric sepa-
rators, where particles separation takes place according
to different physical properties. Among these, particles
separation according to electric conductivity during
their induction charging, is very often used [1]

Efficiency of electric separation is related to determi-
nation of forces arising during induction charging. To
analyze processes taking place on the electrode charging
the electric separator during induction charging, it is
better to view particles charging and forces acting on
them in a uniform field of a plane condenser and

generalize obtained results for a real electric separator.
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Main part
The balance of the forces acting on the particles in a
uniform field can be written as follows:
Fer - Fyy - Fag =0

Where F,, - electric force, Fy,

- gravity force, F 4 — par-
ticle adhesion force with electrode.

Electric force acting on particles is defined as a
force arisen by acting of bound charges, formed as a
result of particles polarization in an electric field,
which reaches its peak at the beginning of charging,
also by action of free charges. After polarization,
formed free charges interact with own reflection and
because of this total force acting on particles is

calculated as follows:

0,5d%(e2-1)+dg—0,51 o
(25dale-) B2,
Where F, - force acting along the vertical axis

B

b,c — semiaxles of particle equivalent to ellipsoid
&y - dielectric constant

E — electric field strength

K, B and I are defined as follows:

K=1+(g; — 1)dg, f =—2L— 1= [ cos®0d,,

mbcegE’ ~ mbc Ys1

Where d, — depolarization coefficient

S, — particle surface area excluding area of particle
contact surface with electrode

Gravity is defined as follows:
F,=mg :%'gn'ahel “bpe Chet’Vp "9
Where y,, - particle density

g — gravitational acceleration

Ap o1 " b et Ch ey - semiaxles of ellipsoid equivalent
to particle volume

Assuming that adhesion force is zero, then particle
breaks away from charging electrode with its minimum
free charge magnitude.

One of the important issues is to determine along
which semiaxle particle lies on the electrode. In the
initial stage the particle lies on the electrode in the
most likely, comfortable and stable position. This is

with a minor semiaxle along the field vector [fig. 1].
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With this orientation particle perimeters are: apq =
2Ch ets bner = Qets Cher = bpei- The coefficients are

determined according to these data:

ﬁ_bhel _Chel
anet’ ' aner

Coefficient of depolarization d, is determined by
means of these coefficients.

Later on, while charging particles, shape of which is
not strictly symmetric, it is under the action of rotating
moment. Because of this, it begins rotation and orien-
tates with its major semiaxle along the vector of an
electric field (Fig.1.). This phenomenon is confirmed
both visually and by distribution of the particles brea-
king away probability function [3]. Accordingly,
particle can break away from the electrode during any

position shown on fig.1.

Fig. 1. Orientation of the particle positioned on
the electrode in the electric field

To determine coefficient I analytically it is neces-
sary to turn real semiellipsoid into rotating semisphe-
roid i. e. into spheroid. This requires bp o = Cpe =
i/b_el' Cer- At this time, the main determining para-
meter magnitude value of the main semiaxle directed
along the field is retained, but the change of the two
others by their average geometric values for real
particle, gives 3-4% error.

Accoridng to the obtained specific parameters
points, it is possible to determine theoretically mini-
mum charge magnitude for a particle breaking away

from charging electrode.
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Such measurements were practically carried out as
follows: from conducting fraction of rutile was selected
the three groups of particles. Each of which contained
10 particles about of one size-minor, mean and large.
Average radius of each group was calculated as equiva-
lent radius to sphere as follows a_(eq sp) = 3 (a_el)-b_el-
c_el. Particle average magnitude in each group fluctua-
tes within 7-8%. Ten particles of one of the groups
were placed into the central part of the flat condenser
charging electrode. Experiments were carried out in
five series i.e. initial number of particles was 50. When

high voltage was supplied, particles after being charged
x10™C| Lbr aw min
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02

broke out from the lower electrode directing to the
upper electrode.

As the surface of upper electrode was covered with
a thin layer of insulation, charged particles sticked and
stayed on them. We removed them by the use of a thin
plate and put into charge measuring electrometer.

Minimum measured charge values for one of the
groups of the particles, in case of different field strength
values, are given on fig.2. Their theoretical values for
different orientation of particles are also given (Fig.1_a

and Fig.1 c). The same results were obtained for the

rest of particles.

Fig. 2 Dependence of minimum charges of particles on the

voltage of electric field

3-particle oriented along the least semiaxle
4-particle oriented along the largest semiaxle
Rutile a,; = 106 um, bg; = 72um, ¢, = 54pm, g 5p =
74um, y, = 4,25-10° kg/m? ,
1-g, =31, 2-¢, =173
Considering that dielectric permeability of the rutile
was unknown, calculation was carried out according to

literary data.

Conclusion
In compliance with the obtained data, it is possible

to conclude:
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1. The minimum charge magnitude of the particles
broken away from the electrode increases with the
increase of the field strength

2. Breaking away from the charging electrode, partic-
les with the minimum charge do not have time to
change orientation and they break away from them
with the semiaxle in the oriented position

3. Considering the experimental data of the minimum
charge the adhesion force acting on the particle, as
compared with the both gravity and electric forces,

can be neglected.
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AnHoraiua. B paGore nponcxopnuT MHAYKUMOHHAS 3apPSAAKA MUHEPAIBHBIX YaCTHL, B OZHOPOAHOM SJIEKTPH-
YeCKOM I10JIe IIOCKOTO KOHeHcaTopa. M3 Gasarca cul, AeHCTBYIOWUX Ha JacTHIle, He YINTHIBAETCS CHJIA a/ire3Un
¥ Ha OCHOBE TEOPeTHYeCKHX pacdyeTOB IIOTy4YeHbl Te MUHMMAaJIbHbIE 3HAYEHUA 3aPSAJJ0B YaCTHUIl, KOTOPbIe yAOBJIeT-
BOPAIOT yCJIOBHA WX OTpBIBA OT 3apAfHOTO ayeKkTpoza. IIpm pacdeTe yuuThIBalOTCA /ABa KpaltHUX IIOJIOKeHMA:
HaxOXJeHre HechepHUIeCKUX YaCTUI, Ha 3apALHOM 3JIeKTPOZe M IOJIydeHHbIe 3HAaYeHHS MUHHMAJIBHOTO 3apAAa,

OTPBIBAIOMIETO YaCTHUIL OT 3JIEKTPOJAA, COIIOCTABJIAIOTCA COOTBETCTBYIOIIHE X DKCII€PUMEHTA/IbHBIM 3HAYE€HUAM.

KJIIO‘IEBBIe CJIOBA: JEmOIsIpU3alinsd; MUHUMaJIbHBIN 3apsan; OpHEeHTanusa 4YaCTHUIBI; CHJId aATe3nH; IJIE€KTPO-
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