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DIELECTRIC PROPERTIES OF THE COALS
OF MAYKUBEN AND EKIBASTUZ BASINS

Abstract. The paper describes the measurement of the frequency dependences of electrical conductivity,
permittivity and loss factor in the frequency range from 25 Hz to 1 MHz for coals of Maykuben and Ekibastuz
basins. Measurements were made on plates 2-4 mm thick in a two-electrode measuring system. The technique of
preparation of samples and results of measurements are described. From the point of view of electrophysical
characteristics fossil fuels refer to weakly conducting materials with heterogeneous structure. The frequency
dependences of their dielectric properties are mainly investigated for the development of high-frequency heating
technologies. Thus, the heat release under the action of the applied field depends on the electrical conductivity
(resistive losses) and the loss tangent (dielectric losses). In addition, the process of electric discharge phenomena in
such materials also depends on the dielectric properties.

Key words: coal, dielectric properties, permittivity, conductivity, loss factor.

Introduction

Fossil fuels are the most valuable raw material for energy production and chemical synthesis.
Effective technologies for their processing can allow receiving products with high added value without
damage to the environment. A number of such technologies can be based on pyrolytic processing. These
include aboveground and underground pyrolytic conversion and gasification. Aboveground gasification of
coal has a long history with periods of rapid development and recessions [1, 2]. To date, apart from
traditional and industrially developed technologies, more promising ones have been developed, such as
plasma, catalytic, layer gasification with reversed blowing [3, 4].

Underground conversion is realized by heating of the coal bed in situ and taking of pyrolysis products
through the wells. This way of the coal deposits development looks the most promising and
environmentally safe [5]. Access to the formation in this case organizes via wells. Heating can be realized
by incomplete oxidation of the coal [6], heat-conducting heating [7, 8], electric heating [9, 10, 11], etc. In
our opinion, one of the effective methods for coal heating is electrophysical heating, based on the action of
an electromagnetic field of high voltage [12, 13].

From the point of view of electrophysical characteristics fossil fuels refer to weakly conducting
materials with heterogeneous structure. The frequency dependences of their dielectric properties are
mainly investigated for the development of high-frequency heating technologies [14-17].Thus, the heat
release under the action of the applied field depends on the electrical conductivity (resistive losses) and the
loss tangent (dielectric losses). In addition, the process of electric discharge phenomena in such materials
also depends on the dielectric properties. For example, the maximum electric fieldstrength on the gas
pores is determined by the relative permittivity [18]. Therefore, the dielectric properties will affect the
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heat release, the electrical discharge phenomena (partial discharges, triaging) and, as a consequence, the
technical characteristics of the equipment necessary for heating.

The paper describes the technique and results of measuring of frequency dependences of the specific
electric conductivity, relative permittivity and loss tangent, measured in the coals taken from the
Maykuben, Bogatyr and Saryadyr strip mines (Kazakhstan).

Research methodology

Measurement of dielectric properties requires the samples in the form of plates with a thickness of no
more than 5 mm [19, 20]. Samples were cut from solid fragments of coal by a stone cutting machine with
an abrasive-cutdiamond-coated disc.

It is impossible to cut the plates directly from the coal fragment because of the cracks and low
mechanical strength. To avoid the destruction, the samples were prepared as follows. A bar with
dimensions 55 x 55 x 100 mm was cut out from the initial fragment of coals (Figure 1,a). Then the bar
was wrapped in a polyethylene film and poured into a solid ificated polyester resin (Figure 1,b).

10 mm 10 mm
a) b)

Figure 1 — Preparation of samples for dielectric properties measurement:
a) coal bar; b) bar, filled in polyester resin

Polyester resin gives the workpiece a mechanical strength and retains the coal during cutting. In this
case, the layer of polyethylene film does not allow the resin to penetrate into the sample and further affect
to the measurement results.

Then the resulting workpiece was cut into plates using an abrasive-cut diamond-coated disc (Fig. 2).

10 mm
—

Figure 2 — Sample in the form of a plate for dielectric properties measurement
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Since sedimentary rocks, including coal, have a layered structure, anisotropy of their dielectric
properties is possible. If the applied electric field is oriented in the same direction as the layers in the coal,
the value of the measured quantity can differ from the measurement, in which the applied field is oriented
perpendicularly to the layers. Since in the developed technology of in-situ gasification the voltage applied
to the electrodes will be oriented predominantly along the bedding layers of coals, the samples for
measurement were made in such a way that the field of the measuring device was oriented along the layers
of the sample.

Measurement of dielectric properties was carried out by the immittance meter E7-20 (MNIPI, Minsk,
Belarus). The device generates a sinusoidal voltage of a specified frequency, applied to the measuring
electrodes, and measures the electromagnetic response of the object. The meter has a PC-compatible
interface RS-232C and can work under the control of a computer. Since measurements for the entire
frequency range required the registration of a large number of measured values, software for controlling
the instrument was designed to simplify the procedure.

In accordance with standard [19], measurements were made by the use of disk electrodes. Tool setis
shown in Figure 3.

Figure 3 — Tool set for the measurement ofdielectric properties:
a) without a sample, b) with an installed sample

The sample in the clamp is clamped between two disk aluminum electrodes with a diameter of 50 mm
and a thickness of 3 mm. The thickness of the sample to ensure the necessary measurement accuracy
should not exceed 5 mm.

The electrodes are connected to the immittance meter, and the measured values are recorded. The
directly measured values are the loss tangent, the sample capacitance and the sample resistance. The
specific permittivitye is then calculated as the ratio of the measured capacitance of sample C and the

capacitance of a similar air capacitorCy:
C

The capacitance C, was measured in the absence of a sample and with inter electrode distance equal
to the thickness of the sample. Specific electrical conductivity o of the coal is defined as the ratio of the
sample thickness % to the electrode area S and the measured resistance of the sample R:

h

T=TR

For each of the investigated deposits, measurements were taken on 5 samples, after which the results
of the measurements were averaged.

— 4) ——
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Results and discussion
Electric conductivity
The electrical conductivity ¢ characterizes the ability of a material to conduct an electric current.
From the point of view of pyrolytic conversion technologies, the electrical conductivity along with the
field strength E determines the heat energy P that will be released in the material from the flowing current:
P=o0-E?

Heating of materials having a low electrical conductivity value requires so high intensity of the
applied field that industrial equipment for such heating is technologically unfeasible.

The measured frequency dependence of the electrical conductivity of investigated coals is shown in
Figure 4.
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Figure 4 — Electric conductivity

In terms of the electrical conductivity, the coals are located on the boundary between semiconductors
and dielectrics and belong to weakly conducting materials. Unlike materials with a homogeneous
composition, coals tend to have a significant increase in electrical conductivity (by 3-4 orders of
magnitude) with a frequency increasing from 25 Hz to 1 MHz. Presumably, this is connected with their
mixed structure and the inclusion of a large number of crystallites and molecular clusters. At the
boundaries of these macroscopic elements the energy structure of the electron shells of atoms and
molecules is distorted, which is why free charge carriers with limited mobility and lifetime can arise in
these places. The higher the frequency, the more such charge carriers can participate in conducting an
electric current.

Since the electrical conductivity is very low at a low frequency, direct resistive heating of the
investigated coals is possible only at high field strengths. Thus, by an electrical conductivity of 10 S/cm,
field strength of 10° V/cm should be created to release the 1 kW of thermal energy.

Permittivity

The permittivity ¢ is an indicator of the polarization ability of the material. The higher its value, the
greater the capacitive current can circulate through the material under the action of an alternating voltage.
The results of measurements of the relative permittivity of the investigated coals are shown in Figure 5.
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Figure 5 — Relative permittivity

As for most heterogeneous materials, the permittivity of coals decreases with an increasing of
frequency from 25 Hz to 1 MHz in 3-5 times. For most mineral rocks in this frequency range ¢ is 3-10. For
the coals in considered frequency range, the ¢ amounts to several tens, which indicates a very high
polarization ability of the constituent components. Such components with high polarizability are water
(sorbed, ion-bonded), OH groups, carboxyl groups, pyrite and other sulfur compounds.

In addition to the large value of the capacitive current, a high value of ¢ leads to an uneven
distribution of the applied external voltage. As a result, significant field strength caused by the Maxwell-
Wagner effect is concentrated in the pores and gaseous inclusions. In accordance with this phenomenon, a
charge accumulates at the boundaries between the solid and gaseous phases, the value of which is
proportional to the ratio of the permittivities. Thus, because of the high ¢ value of the coals, when the
external electromagnetic field is applied to the coal, the significant part of the field will fall on the pores,
causing partial discharges by a relatively low value of the voltage.

Loss tangent

The loss tangent fan(d) shows the ratio of active power to reactive power when applying an
alternating voltage to a fragment of a dielectric material. Active power, which is the power of dielectric
losses, arises as a result of the displacement of polar atomic groups under the action of an external field.
For the most of dielectric materials the value of fan(d) decreases with increasing of frequency having a
resonance maximum at some frequency. At this frequency the rate of change of the external field and the
velocity of the free mobility of the dipoles of matter coincide. For materials with the mixed structure the
frequency dependence of the loss tangent will be the envelope of the resonant peaks of the various
components (Figure 6).

FAE A

I\ I\I\ \
AVARVARVAR WA
/X X \
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Figure 6 — Typical form of the curve fan(d) = f (w) for dielectric materials with the mixed structure [21]

This property is used in methods of high-frequency material heating, as, for example, by heating a
subterranean oil reservoir, described in [22,23]. The measured frequency dependencies of fan(d) are
shown in Figure 7.
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Figure 7 — Dielectric loss tangent

The measured dependencies shows that the peak values of tan(0) for the coals are outside the range of
the considered frequencies. Therefore, the heating of these coals only due to dielectric losses needs to use
the electromagnetic field of the frequency range > 1 MHz. The cost of powerful equipment operating at
such frequencies is quite high. Thus, it can be assumed that the heating of the coals due to the dielectric
losses of the high-frequency electromagnetic field is unlikely to be advisable. If we try to produce
dielectric heating in the frequency range of <1 MHz, a very large area of the electrodes will be required to
provide heat release sufficient for heating.

Conclusions

The reaction of a substance to an electromagnetic field depends on the dielectric properties. For coals
of different deposits, the dielectric properties can vary considerably. The described measurement results
can be useful in the development of coals processing technologies which uses electromagnetic action, such
as heating, enrichment, or electric discharge destruction. The described technic of samples making can be
useful in carrying out similar measurements on solid fuels of other deposits.
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l«KeMip XUMUSACHI XKoHe TexHojaorus nHCTUTYTh JKIIIC, Acrana k, Kazakcran
2TOMCK MOJUTEXHUKAIIBIK yuuBepcureTi, Tomck, Peceit

MAMKYBbI )KOHE IKIBACTY3 KOMIP BACCENH/IEPIHIH
JUIJIEKTPUKAJIBIK KACUETTEPI

Annoranus. Makanaiga Maiikyoen xone Exibacty3 Oaccelinaepinin kemipiuepi ymrid 25 I'i-gen 1 MI'm xwuiik
JTUAITa30HBIHAA 3JICKTP OTKI3TIIITITiHIH, TUICKTPIIK OTIMIUITIHIH KOHE TAHTCHC JXOFally OYPBIIIBIHBIH JKHALTIK
TOYEJALIITIH OJIIey CUIaTTanaabl. EKi 3IeKTpOITHI emiey KyHeciHae KaIBIHABFE 2-4 MM TUIACTHHKAIApAa eIy
KYprizingi. Yirinmepai naisiaaay oaicTeMeci JKoHe KYPTi3iireH emeMIepIiH HOTIKeIepl CHIaTTaFaH.

Kaz0a OTBIHBI 37€KTpO(H3UKANBIK CHIIATTaAMAaNap TYPFBICHIHAH TreTepodaszasl KYPBUIBIMIBI OJICI3 OTKI3TilI
MaTepuangapra xaraisl. JMANEeKTpIiK KacHeTTePiHIH JKUUTIKTIK TOYEeNIUIIri, HeTi3iHeH, >KOFapbl >KALTIKTI JKBLTY
TEXHOJIOTHSUIAPbIH 93ipiiey MakcathiHAa 3eprreneni. Ocbuiaiiina, OepilireH epicTiH dCepiHEeH KbLIy 0eily IJeKTp
OTKI3rimTirine (Pe3uCTHBTI IIBIFBIHAAP) JKOHE MAMIICKTPINIK IIBIFBIHHBIH TAHTCHC OYPBIMIBIHA (IHIICKTPIIIK
HIBIFBIHAP) OaiiaHblcThl. MyHIall MaTepuaniaparbl JIeKTP HMUPONM3IHIH aFbIMbl JKbUIYAbl OHIIPY YpHICTEpiHe
acep eTeTiH QUANEKTPIIK KacHeTTepre, BJIEKTP pa3psiThl KYObUIBICTApIbIH arblHbIHA (iliHapa pa3psarap, KUCHIK
CBI3BIK) aca TIYeI/Ii.

Tyiiin ce3maep: KoMip, AUIIEKTPUKAIIBIK HIBIFBIHIAD, JUJICKTPHUKAIBIK OTIMIIUIIM, JICKTP OTKI3TIIITIK, IIBIFHIH
k03 punmenTi
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'TOO «MHCTUTYT XMMUH YITIsl M TEXHOJIOTHIY, I AcTaHa, KasaxcTau
2TOMCKHI{ TIOUTEX HUUECKHIA yHuBepcurert, Tomck, Poccust

JUAJIEKTPUYECKHUE CBOMCTBA YIJIEM MAUKYBEHCKOI'O
1 DKUBACTY3CKOI'O BACCEMHOB

AnHOoTauussi. B cratbe onuMcaHo M3MEpEHHWE UYACTOTHBIX  3aBHCHUMOCTEH  3JIEKTPONPOBOIHOCTH,
JIUAJIEKTPUYECKON MPOHUIIAEMOCTH U TaHT€HCa yTiia MOTeph B YaCTOTHOM Auanazone oT 25 I'n go 1 MI'u nns yriei
MaiikyOeHCcKOoro i DKH0acTy3cKoro bacceiiHOB. 3MepeHus MpoBeACHBI Ha IIACTUHKAX TOJIIUHON

2-4 MM B IBYXDJICKTPOIHON U3MEpUTENBHON crcTeMe. OniicaHa METOIMKA TIOATOTOBKH 00paslioB U PE3YIbTATHI
MIPOBEACHHBIX M3MEpeHUH. VIckomaeMble YT C TOYKH 3PEHUS JICKTPOPHU3MUECKUX XapPAKTEPHCTUK OTHOCATCS K
CITa0OTIPOBOIAIIIMM MaTepraliaM reTepoazHoro cTpoeHus. YacTOTHBIE 3aBHCHMOCTH UX TUAIIEKTPUIECKUX CBOWCTB
UCCIIEIYIOTCS, B OCHOBHOM, C LIEJIbI0 Pa3pabOTKK TEXHOJIOTHI BHICOKOYACTOTHOTO Harpesa . Tak, BbIJEJICHUE TeIuia
MOJ ICHCTBHEM HIPUIOKEHHOTO TOJS 3aBHCUT OT JJIEKTPOIIPOBOTHOCTH (PE3UCTUBHBIE ITOTEPH) M TAHTEHCA yria
TIUDJIEKTPUIECKUX TOTEPh (AUAIEKTpHUUECKUe oTepH). [IpoTekaHue IeKTpONUpon3a B TAKUX MaTepranax CHIbLHO
3aBUCUT OT JIUAJICKTPUYECKUX CBOWCTB, KOTOpbIE BIMSIOT HA TMPOLECCHl BbBIJENIEHUE TEIUla, MPOTEKaHUE
AJIEKTPOPA3PSAIHBIX SIBICHUH (YaCTHUHBIC Pa3psiibl, TPUUHT).

KuaioueBble cj10Ba: yroyib, AUAJEKTPUUECKHE IMOTEPU, AUDIEKTPUUECKAs MPOHHULAEMOCTb, 3JIEKTPONPOBOI-
HOCTb, KOO (QHUIUEHT IT0TEPh
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