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Abstract: A novel way for electrification of mineral particles by electron beam irradiation was proposed. The effect of irradiation dose
on charge/mass ratio was investigated experimentally. The charge/mass ratio of electrified mineral powders after irradiation was meas-
ured by an instrument based on the principle of electrostatic induction. The experimental results showed that the charge/mass ratio is lar-
gely dependent on radiation dose and electric physical properties of minerals. The mechanism of electrification by electron beam irradi-
ation is discussed. It is suggested that the essential of electrification by electron beam irradiation is a process of retardation and charge

deposition of incident electrons in materials.
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Electrical separation is based on the electrical prop-
erty differences of mineral particles. In the process, the
electrification methods such as conduction, induction,
corona and triboelectricity are commonly used [1]. A
common characteristic of those traditional processes is
that the electrical charges are distributed on surface of
mineral particle with instantaneity, heterogeneity and
dissipativeness.

Using ionizing radiation as an electrification method
in electrical separation of minerals was proposed by 1.
M.Plaksin in 1964 [2]. Unfortunately, the high invest-
ment in radiation source establishment, high cost of op-
eration and difficulty in waste source disposal become
barriers for its industrial application. Such an electrific-
ation method was regarded not practical for its applica-
tion.

With the development of particle accelerators and a
deep understanding of the radiation processing technol-
ogy, the cheap sources of high energy electron is read-
ily available and expanding its application in various
industrial fields [3]. This electrification method attracts
attention and interest in mineral processing once again.

The application of electron beam irradiation in elec-
trification of mineral particles has been investigated in
this laboratory, and the mechanism and feasibility of
this electrification method used for mineral electrical
separation are also analyzed and discussed.
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1 Experimental principle and materials

1.1 Principle and method for electrical charge me-
asurement of particles

In electrical charge measurement of conductor par-
ticles, the key factor of the process is the charge trans-
fer from tested conductor into instrument, then measur-
ed charge is obtained through measurement of electro-
static voltage. For insulators, however, the situation is
different from conductors, the electrical charge of in-
sulators cannot be transferred, and the charge is not al-
ways distributed evenly on the surface. The electrosta-
tic voltage varies with the different parts of the surface.
Therefore, it can't be measured by the contact or non-
contact electrostatic voltmeter that commonly used for
conductor. The measurement of electrical charge of in-
sulators must be conducted indirectly based on prin-
ciple of electrostatic induction by means of Farady
pails [4]. The Farady pails can also be used for charge
measurement of conductors. The principle diagram
used for measurement of electrical charge of insulators
is illustrated in figure 1.

Farady pails is made up of two metal pails which is
insulated with each other. The outer pail is connected
with ground, and the inner pail is insulated with the out-
er pail by polytetra fluoro ethylene or polystyrene in-
sulating materials. The outer and the inner pails have
metal covers with insulating hand knobs. If there were
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Figure 1 The principle of electric charge measurement by
Farady pails method.

no metal covers, the height difference between the out-
er and the inner pails must exceed 10% of the height of
the inner pail. When a measurement is conducted, the
height that electrified body occupied in the inner pail
should be less than 10% of height of the inner pail.

It can be known from Gauss theorem that opposite
sign electric charge will be induced in the inner wall of
the inner pail when electrified body is put in the inner
pail. And simultaneously, the opposite sign and uni-
form sign electrical charge will be induced in outer wall
of the inner pail and inner wall of the outer pail respec-
tively, which include the induced charge in the capaci-
tor of the instrument. Therefore, quantity and sign of
electrical charge can be measured by an electrostatic
coulometer. Or the electrostatic voltage between the
outer and the inner pails can be measured by electrosta-
tic voltmeter. The charge of the electrified body can be
calculated by the following equation:

O=(G:+G)U §))
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where C is the capacitance between the outer and the
inner pails; C, is the capacitance of the contact electro-
static voltmeter; O is the quantity of electric charge of
the electrified body; U is the potential difference.

If the mass and particle number of powder is known,
then the charge/mass ratio is:
%:(Cp +me)-U )

Suppose that powder is monodispersed, and the total
numbers is », the charge of each particle can be estim-
ated by following equation:

G+C) U

q — % _ ( F p b) (3)
1.2 Electrical properties of the experimental mater-
ials

Four samples including quartz, magnetite concen-
trate, calcite and pulverized iron ore with great differ-
ence in their dielectric constants were examined in ex-
periments. The electric properties of the experimental
materials are shown in table 1. All materials are ground
to minus 180 um, and then separated into subsamples
weighing 5 g each for experiments. Every subsample is
irradiated under a model GJ-5 high frequency and high
voltage electron accelerator in Tianjin Institute of
Technical Physics of China. The electrical charge of
each subsample is measured by a model EST—III dig-
ital electrostatic coulometer according to principle il-
lustrated in figure 1.

Table 1 The electrical properties of experimental materials

Name of materials Main component

Resistance /Q

Dielectric constant Conductibility

Magnetite Fe,0, 107%-107° 33.7-81.0 Conductor
Iron ore Fe,0, 10-10° 25.0 Conductor
Calcite CaCO; 107-10" 7.8-8.5 Non-conductor
Quartz SiO, 10"-10" 4.2-5.0 Non-conductor
2 Experimental results and discussion
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Figure 3 Effect of radiation dose on charge/mass ratio of
magnetite concetrate.
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quartz.
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Figure 5 Effect of radiation dose on charge/mass ratio of
calcite.

As shown in figure 2, charge/mass ratio of iron ore
particle rises with increase of irradiation dose from
zero to 500kGy. When the radiation dose increases
from 500kGy to 1000kGy, the charge/mass ratio of
iron ore particles decreases rapidly on the contrary. The
maximal charge/mass ratio reaches to 1.92x107C/g
when radiation dose is 500 kGy.

Charge/mass ratio of magnetite concentrate as a
function is illustrated in figure 3. The maximum of
charge/mass ratio reaches to 2.0x1077 C/g at radiation
dose of 300kGy. Then charge/mass ratio decreases

when the radiation dose ranges between 300 kGy and
600 kGy. When the radiation dose exceeding 600 kGy,
charge/mass ratio of magnetite concentrate maintains
at a low value.

For the quartz particles, as shown in figure 4, the
charge/mass ratio reaches their maximal value of
6.24x107C/g when radiation dose increased to
800kGy. And then it decreases rapidly. The maximum
of charge/mass ratio of calcite particle reaches to
5.52x1077 C/g at radiation dose of 500 kGy. And then it
decreases to a low value.

From the comparison of above experimental results,
one can find that the sequence of maximal charge/mass
ratio of four particles is: quartz> calcite > iron ore>
magnetite concentrate.

As shown in table 1, quartz and calcite are attributed
to dielectric body, magnetite concentrate is a conduc-
tive body. Iron ore is made up of multi-components.
Some of the components are metallic ores such as he-
matite, magnetite, chalcopyrite and etc. And others are
gangue minerals. Generally speaking, iron ore is attrib-
uted to a conductive body. Magnitude sequence of die-
lectric constant and the resistance of four tested mater-
ials is as follows: quartz > calcite > iron ore >magnetite
concentrate.

This is consistent with sequences of charge/mass ra-
tio of four particles. It implies that charge/mass ratio of
minerals electrified by electron irradiation is nearly
correlative with their electroconductivity. The large the
resistance is, the smaller the dielectric constant is, the
larger the maximal charge/mass ratio of particles be.

From experimental results shown above, it can also
be found that the radiation dose corresponding to the
maximum of charge/mass ratio is interrelated with
electroconductivity of materials. The smaller the die-
lectric constant of mineral is, the large the required
radiation dose corresponding to maximal charge/mass
ratio will be. Among four materials tested, the required
radiation dose corresponding to the maximum of
charge/mass ratio is 800 kGy for quartz, 500 kGy for
calcite and iron ore, 300 kGy for magnetite concentrate
respectively.

2.2 Mechanism of electrification by electron beam
irradiation

(1) Retardation and deposition of incident acceler-
ated electron in absorbing materials.

The most important process of incident high energy
electron beam interacted with atoms of irradiated ma-
terials are elastic and inelastic scattering and emission
of electromagnetic radiation (bremsstrahlung, or X
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radiation). This process involves the transfer of energy
from incident electrons to atomic electron and energy
loss due to inelastic collision [5]. In the course of slow-
ing down of incident high energy electron, large numb-
ers of electrons are being stopped and deposited their
charge in medium. Generally, the maximum of depos-
ited charges occurs in the position of all most incident
electrons stopping [6].

When radiation ceased, the deposited charge will be
dissipated. In the case of electrical conductor, the de-
posited charge is quickly ejected to surface up to fade
away. The charge in medium has the characteristic of
surface distribution. On the contrary, for dielectric ma-
terial, partial charge will be held up in the inner part of
medium. Dissipation time is dependent on dielectric
constant of medium. In the other word, the charge in
dielectric medium will be spacial or volumetric distrib-
uted.

(2) Limit of electrification by electron beam irradi-
ation.

In case of real dielectrics, different dielectric mineral
has its own breakdown voltage, namely withstand vol-
tage. Limit quantity of electrified charge of dielectric
minerals will dependent upon its breakdown voltage.
As a rule, the breakdown voltage of dielectrics, ex-
pressed as £*, is in the scope from hundreds keV to
1 MeV, viz. F*~1MeV/cm. Breakdown voltage is the
key factor which limits the electric charge accumula-
tion in dielectrics [7].

Electric field strength generated by spacial charge
layer in electrified dielectric can be expressed as the
following equation [2,8]:

E=pAx/ee, 4)
where Ax is thickness of electrified charge layer, It's
value approximate to the track of incident electron in
the medium; p is average charge density; ¢ and ¢, is ab-
solute and relative dielectric constant respectively.

Suppose that the breakdown voltage of dielectric is
E*, the limiting charge density can be expressed as
p¥=eeE*/Ax )

If charge accumulation is lower than the limit of-
charge density, electric field strength generated by spa-
cial charge layer will be very small, and the conduction
current induced by this electric field can be ignored.
Under such a condition, the charge density p will be in
direct proportion to charge deposited in medium. This
will make the altering of charge density possible by
changing radiation parameters (such as radiation dose
and beam density). Practically, the relationship of
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maximal electrified charge of materials with radiation
dose, which have been obtained from above experi-
ment results, is an experimental verification on this the-
oretical explanation.

In the process of electrification by electron beam ir-
radiation, the rate of electric charge accumulation in the
medium is determined by the equilibrium between
charge deposition and conductivity induced by radi-
ation. The conductivity induced by radiation plays a
very important role in the low conductivity medium.
With the increasing of charge accumulation, the charge
deposition will be affected by the electric field that gen-
erated by accumulated charges. The time required for
reaching the maximum quantity of electric charge will
be prolonged. In high-ohmic dielectric materials, the
accumulated charge will produce a strong electric field
that enough to reach the breakdown level. And then the
new equilibrium will be established [9]. Therefore, the
process of electrification by electron beam irradiation
has the peculiarity of pulsating. The electric break
down can produce micro-crack in inhomogenius mater-
ials, especially in multi-components ore [10]. This ma-
kes certainly the ore grinding process and the process
of mineral separation more efficient [9,10].

3 Conclusion

Quantity of electric charge of mineral dielectrics
electrified by electron beam irradiation is correlated to
electric physical properties of materials, such as dielec-
tric constant and resistance. The sequence of maximum
charge/mass ratio of four tested materials is as follows:
quartz > calcite > iron ore > magnetite concentrate. The
rule shows good agreement with sequence of dielectric
constant and electric resistance.

Radiation dose corresponding to maximum charge/
mass ratio is interrelated with electroconductivity of
materials. The smaller the dielectric constant of min-
eral dielectric is, the large the required radiation dose
corresponding to the maximum of charge/mass ratio.
For four tested mineral particles, the required radiation
dose corresponding to maximum charge/mass ratio is
800kGy for quarts, 500 kGy for calcite and iron ore,
and 300 kGy for magnetite concentrate respectively.

Electrification by electron beam irradiation is a pro-
cess of retardation and charge deposition of incident
electron in materials. The maximum of deposited
charges occurs in the position of all most incident elec-
trons stopping. In practice, the maximum of electrified
charge is predominantly determined by electroconduc-
tibility and electric field strength.



H.F. Wang et al., Electrification of mineral particles by electron beam irradiation 325

References

[1] Shuyi Liu, Principle of Magnetic and Electrical Beneficia-
tion [M] (in Chinese), central-south university of technology
press, changsha, 1994, p.261.

[2] A.T.Kovalyov, Possibility of applying radiative electrization
for electrical separation of pulverized mineral mixture [J],
Journal of Mining Science, 35(1999), No.2, p.199.

[3] V.L.Auslender, 1.G.Bochkarev, and A.P.Voronin, Radiation—
thermal process in solid Inorganic systems [J], Radtech—
Euroasia, 1999, No.2, p.112.

{41 Shanghe Lin, Guanghui Wei, and Zhicheng Liu, er al.. Elec-
trostatic Principles and Protection [M] (in Chinese), weapon
industry press, Beijing, 1999, p.364.

[5] Robert J. Woods and Alexeik. Pikaev, Applied Radiation
Chemistry: Radiation Processing [M], John Wiley Sons Inc.,
1994, p.59.

[6] ICRU (1984). International Commission on Radiation Unit

and Measurements, ICRU Report 35 ( International Com-
mission on Radiation Unit and Measurements, Bethesda,
Maryland). [in Chinese],p58-60.

[7]1 Hanru Li, Introduction to Dielectric Physics [M] (in Chinese),
Chengdu University of Science & Technology press, Che-
ngdu, 1990, p.418.

[8] A. T.Kovalyov, Generation of electic fields in inhomogeneous
minerals by electron beam irradiation [J], Journal of Mining
Science, 33(1997), No.3, p.269.

[9] G.R.Bochkarev, V.A. Chanturiya, and V.E. Vigdergaus, et
al., Prospects of electron accelerators used for realizing ef-
fective low-cost technologies of mineral processing, [in] H.
Hoberg and H. V. Blottnitz eds., Proceedings of the X X
IMPC [C], Aachen, Germany, 1997, p.231.

[10] A.M. Milkhilov, and V.I. Rostovtsev, Mechanism of the
weakening and fracture of mineral by an electron beam [J],
Journal of Mining Science, 34(1998), No.2, p.180.



