
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 

 
ҚАЗАҚСТАН РЕСПУБЛИКАСЫ 

ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫНЫҢ  

Қ. И. Сəтпаев атындағы Қазақ ұлттық техникалық зерттеу университеті 

Х А Б А Р Л А Р Ы 

ИЗВЕСТИЯ 
 

НАЦИОНАЛЬНОЙ АКАДЕМИИ НАУК 
РЕСПУБЛИКИ КАЗАХСТАН 
Казахский национальный исследовательский 
технический университет им. К. И. Сатпаева 

N E W S 
 

OF THE ACADEMY OF SCIENCES 
OF THE REPUBLIC OF KAZAKHSTAN 

Kazakh national research technical university 
named after K. I. Satpayev

 
 
 

SERIES  
OF GEOLOGY AND TECHNICAL SCIENCES 

 
 

5 (437) 

SEPTEMBER – OCTOBER 2019 
 
 
 

THE JOURNAL WAS FOUNDED IN 1940 
 
 

PUBLISHED 6 TIMES A YEAR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ALMATY, NAS RK  



N E W S of the Academy of Sciences of the Republic of Kazakhstan 
  

   
2  

 
 
 

 
 
 
NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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PARTIAL DISCHARGES AND ELECTRIC BREAKDOWN  
IN COALS OF MAIKUBEN, EKIBASTUZ  

AND KORZHUNKOL BASINS 

 
Abstract. The paper is devoted to the study of the possibility of underground pyrolytic conversion of coal from 

Kazakhstan into combustible gases and tar by heating with electric current. The purpose of this work is to study the 
patterns of electrical breakdown of coal as a result of long partial discharges action. The breakdown between the 
electrodes leads to the forming of a low-resistance channel which is supposed to be used as a resistive heating 
element for heating and pyrolysis of a part of the underground formation. The paper presents the dependences of the 
voltage of occurrence of partial discharges and the voltage of breakdown of coal. Coals of Maykubensky, 
Ekibastuzsky and Korzhunkolsky basins were used for research. Steel rods were used as electrodes, the intere-
lectrode distance ranged from 5 to 30 cm. It was found that the average field of the occurrence of partial discharges 
and the average breakdown field decrease with increasing the electrode distance. It can be assumed that this tendency 
will be valid in the field conditions, which makes it possible to use electrothermal breakdown for underground 
heating and conversion of coal. Moreover, these dependences correlate with each other, which can be used to predict 
the breakdown voltage at a known voltage of the occurrence of partial discharges. 

Key words: coal, partial discharges, electric breakdown, subterranean gasification, heating element, voltage, 
electric field. 

 
Introduction. Recently, there has been a significant increase in attention to technologies for efficient 

processing of solid fossil fuels (black and brown coals, oil shale) and metamorphism research [1]. 
Underground conversion can claim to be one of the most efficient processing technologies. It does not 
require the extraction of rock to the surface, as well as the subsequent disposal of slag. 

To date, a large number of different methods of underground conversion have been proposed.                
A number of them offer oxidative gasification by incomplete combustion of coal directly in the reservoir 
[2-4], heating of the reservoir with heat-transfer agent [5, 6], electromagnetic heating using radio 
frequency [7-9] or microwaves [10], heating with electric heaters [11, 12], heating with fuel cells [13], 
heating by electric current [14, 15]. 

The use of electric discharge technologies can give a new approach in the development of 
underground conversion methods. We have previously found that electric discharge processes, such as 
partial discharges and the electrical treeing caused by them, can lead to the breakdown of certain types of 
solid fuels at relatively low voltages. This effect can be used for electrical breakdown and subsequent 
heating of a part of a subterranean formation by using the breakdown channel as a resistive heating 
element [16]. 

In order to study the applicability of Kazakhstan coal for conversion in this way, we studied the 
characteristics of partial discharges and breakdowns in coal taken from the coal mines Maykuben 
(Maykuben basin), Bogatyr (Ekibastuz basin) and Saryadyr (Korzhunkol basin). 
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Partial discharges (PD) occur in dielectrics under the action of an applied external high voltage. PD is 
an incomplete breakdown of the dielectric, leading to the electric locking of the part of the interelectrode 
distance by discharge channel. The cause of partial discharges is the uneven distribution of the electric 
field inside the material. For an inhomogeneous substance having inclusions of different materials, the 
electric field in the interelectrode space will be distributed inversely proportional to the dielectric constant 
of materials [17]: 

, 

where ED, EI – electric field in main part of dielectric material and in inclusion correspondingly,                      
εD, εI – permittivity of dielectric material and matter of inclusion correspondingly. Thus, the greatest field 
strength will be on elements with the lowest dielectric constant. As a rule, such are gas inclusions and 
pores. Moreover, the field on them will be the greater, the higher the dielectric constant of the rest of the 
dielectric. 

PDs are characterized by a number of characteristics, the main of which are the voltage and field               
of occurrence, intensity, apparent charge. The voltage and field of occurrence reflect the threshold value of 
the applied field, at which the recorded partial discharges appear. This value characterizes the dielectric 
inhomogeneity of the material under study. The intensity of partial discharges is the number of PDs 
occurring in a dielectric per unit time. In the case of coal, the voltage of occurrence and the dependence of 
intensity on voltage reflect the dynamics of electric discharge processes in coals and can be used as 
indicators of the treeing beginning and the treeing breakdown. The apparent charge is the amount of 
charge that passed through the external electrical circuit at the moment of PD. Thus, this is the amount of 
charge that can be fixed by the measuring device, in contrast to the true charge, which passed inside the 
inclusion at the moment of PD. The name "apparent" is associated with the assumption that this charac-
teristic is not equal to the true charge neutralized by a partial discharge. However, it is considered that this 
value indirectly reflects the value of the true charge. 

In homogeneous insulating materials the apparent charge can be used as an indicator of critical PDs 
that lead to dielectric failure [18, 19]. To do this, calibration measurements for each specific material are 
carried out. In the case of coals, this approach is not applicable, as a large dispersion of the apparent 
charge of critical PDs can be expected because of a sharp material heterogeneity. So we have investigated 
the voltage of PDs occurrence and the breakdown voltage of the interelectrode gap in coals as a function 
of interelectrode distance. 

Method of experiments. Measurement of the characteristics of partial discharges and voltage of the 
treeing breakdown is necessary to estimate the potential of applying these phenomena to develop 
underground pyrolysis technology. Thus, the low intensity of the PDs occurrence and the low voltage of 
the treeing breakdown indicate the possibility of producing a breakdown of a significant interelectrode 
distance at a technically realizable voltage value. 

Samples for measuring of the PDs characteristics were made in the form of bars (figure 1) by cutting 
out from a solid fragment of coal on a stone-cutting machine with an abrasive-cutting disc with a diamond 
coating. The length of the bar was selected on the basis of the required interelectrode distance so that from 
the electrode to the edge of the bar remained at least 30 mm. Samples with an interelectrode distance from 
5 cm to 30 cm were made from the target deposits coals. The width and height of the bar were selected in 
the range of 30-50% of the length. 

Rod electrodes were used to supply voltage, since such an electrode configuration is a reduced model 
of the proposed technology for the breakdown and heating of an underground coal bed. The electrodes 
were rods of carbon steel with a 10 mm diameter, which are tightly inserted into the pre-drilled holes. The 
electrodes were deepened into the sample at 60–80% of the sample height. 

The methods of measuring of the partial discharges characteristics are regulated by a number of 
normative documents [20, 21]. The measurement was carried out by applying a high voltage of industrial 
frequency to the sample and registering current pulses in an external circuit. Since the PD pulses have a 
higher frequency spectrum, in order to close PD current, a so-called coupling capacitor is switched on in 
parallel with the sample under test. Also in the circuit includes a recording device. The simplified elec-
trical circuit diagram of the power and measuring parts of the equipment is shown in figure 2. 
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Figure 1  A sample of coal for measuring of the characteristics of PD 
 

 
 

Figure 2  The electrical circuit of the laboratory equipment for investigation of the characteristics of partial discharges 
 

The equipment is supplied from an electrical network of alternating voltage of 220 V, which is fed to 
the regulating transformer TV1. This regulator with a rated power of 100 kW works as a variable magnetic 
coupling transformer. The voltage at its output can vary from 10 V to 220 V by moving the carriage 
placed inside the transformer. The voltage from the regulator output feed the step-up transformer TV2. 
This transformer with a rated power of 100 kW produces a voltage of 100 kV at an input voltage of 220 V. 
The voltage at the output of the TV2 transformer is monitored using a digital kilovoltmeter. 

The element Zf is used as a blocking impedance, which does not allow to high-frequency interference 
from the supplying network and transformers to flow into the measuring circuit. It also helps to ensure that 
the PD current pulses are closed in the circuit between the sample and the coupling capacitor. A highly 
inductive wire-wound resistor with a nominal resistance of 1 kΩ is used as Zf. The resistor has the shape of 
a tube, and a set of ferrite washers was placed inside of them to increase its inductance. 

Capacity C0 performs the function of a coupling capacitor in the circuit. The high-frequency current 
pulse of partial discharges closes through this capacitance. C0 was made from 5 220 pF ceramic capacitors 
connected in series. The total rated battery capacity is 44 pF, the maximum allowable voltage is 112 kV. 
According to international standard IEC 60270, the capacitance of the coupling capacitor was chosen 
close to the interelectrode capacitance of the sample under study. 

The element Zx is a test sample. Two resistors, designated in the circuit as Rm, work as current 
sensors, which are used for registration of partial discharge pulses. Physically measuring device (oscil-
loscope) removed a few meters from the sample under high voltage. The signal source is connected to the 
receiver by a shielded cable. To prevent interference, the cable line is matched by connecting resistors at 
both ends with a resistance equal to the cable impedance. In this case, these resistors simultaneously work 
as a shunt. Resistance of each Rm is 150 Ohms. 
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The signal from the output of the measuring shunt passes through a high-pass filter, in order to 
separate the low-frequency volume conductivity current from the current of partial discharges, whose 
frequency spectrum lies in the range of tens to hundreds of megahertz. Two signals come to the measuring 
device - directly from the shunt and from the output of the filter. The kilovoltmeter kV is a high-voltage 
resistive frequency-compensated divider, which is also connected to the oscilloscope. 

The voltage applied to the sample during the experiment was gradually increased from zero to the 
moment of sample breakdown at a rate of 100 V/min. Using an oscilloscope, the presence of partial 
discharges was recorded and the voltage applied to the sample was measured. 

Results and discussion. Samples of coal under the action of high voltage exhibit a capacitive-
resistive reaction with a predominance of the resistive component (figure 3). The phase shift between 
current and voltage is 15-20 degrees. The phase of the PD at the moment of their appearance corresponds 
to the amplitude of the flowing current. As the voltage increases, the PD phase range expands. 

 

 
 

Figure 3  Diagrams of voltage and current through the sample (horizontal scale 2 ms / div) 
 

The pulses of partial discharges current have a front duration of 5-10 ns (figure 4). This is the time of 
discharge plasma action in the gas pore. Then the pulse has an exponential decay, indicating the process of 
recharging pore capacity. 
 

 
 

Figure 4  Diagrams of a single PD current. The scale of the horizontal axis is 100 ns / div, the vertical axis is 27 μA/div 
 

The voltage of occurrence of partial discharges Uoc is the smallest voltage at which the partial dis-
charges appear. It can be assumed that the lower the voltage required for the occurrence of PDs, the lower 
the voltage cause the treeing and breakdown. Therefore, the voltage of PDs occurrence can be used as 
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Findings. The use of electric heating of underground coal beds may make it possible to create a new 
highly efficient technology for the processing of coal. Studies have shown the possibility of coal 
breakdown for using the breakdown channel as a heating element. The behavior of the dependence of the 
breakdown voltage on the interelectrode distance suggests that in field conditions the technically 
achievable voltage will allow to breakdown the interelectrode distance of tens of meters. 
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МАЙКӨБЕН, ЕКІБАСТҰЗ ЖƏНЕ ҚОРЖЫНКӨЛ КӨМІРЛЕРІНДЕГІ  

ІШІНАРА РАЗРЯДТТАР МЕН ЭЛЕКТРЛІК БҰЗЫЛУЛАР 
 
Аннотация. Мақала Қазақстан көмірін электр тогымен қыздыру арқылы жанғыш газдар мен шайыр-

ларды жерасты пиролиттік əдіспен қайта өңдеудеуін зерттеуге арналады. Бұл жұмыстың мақсаты ұзартылған 
ішінара шығарындылар нəтижесінде көмірдің электрлік бөліктерінің үлгілерін зерттеу болып табылады. 
Электродтар арасындағы бұзылудың нəтижесінде төменомды арна пайда болады, бұл жер асты түзілімін 
қыздыруға, пиролизге арналған резистивті қыздыру элементі ретінде қолданылады. Бұл мақалада ішінара 
разрядтардың пайда болу кернеуінің жəне көмірдің бұзылу кернеуінің тəуелділігі келтірілген. Зерттеулер 
үшін Майкөбен, Екібастұз жəне Қоржынкөл бассейндерінің көмірлері пайдаланылады. Электродтар ретінде 
болат құбырлар пайдаланылды жəне электрөткізуқашықтықаралығы 5-тен 30 см-ге дейін болды. Ішінара 
разрядтардың қашықтығы үлкендеуінен орташа қарқындылығы жəне электродтың аралық кеңеюімен, орташа 
сыну қарқындылығының төмендеуі анықталды. Бұл үрдіс жерасты жылыту мен көмірді қайта өңдеу үшін 
электротермальды бұзылуды қолдануға мүмкіндік беретін өріс үшін жарамды деп болжауға болады. Соны-
мен қатар, бұл тəуелділіктердің бір-бірімен байланысуы, ішінара зарядтардың пайда болу қарқындылығын- 
да бұзылу кернеуін болжау үшін пайдаланылады. 

Түйін сөздер: көмір, ішінара разряд, электр тогының бұзылуы, жерасты газдандыру, қыздыру элементі, 
кернеу, қарқындылық. 
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ЧАСТИЧНЫЕ РАЗРЯДЫ И ЭЛЕКТРИЧЕСКИЙ ПРОБОЙ В УГЛЯХ МАЙКУБЕНСКОГО, 
ЭКИБАСТУЗСКОГО И КОРЖУНКОЛЬСКОГО БАССЕЙНОВ 

 
Аннотация. Статья посвящена исследованию возможности подземной пиролитической конверсии 

углей Казахстана в горючие газы и смолы путем нагрева электрическим током. Цель проведенной работы 
состоит в исследовании закономерностей электрического пробоя углей в результате продолжительного дей-
ствия частичных разрядов. В результате пробоя между электродами образуется низкоомный канал, который 
предполагается использовать в качестве резистивного нагревательного элемента для нагрева и пиролиза 
участка подземного пласта. В статье приведены зависимости напряжения возникновения частичных разрядов 
и напряжения пробоя углей. Для исследований были использованы угли Майкубенского, Экибастузского и 
Коржункольского бассейнов. В качестве электродов использовались стальные стержни, межэлектродное 
расстояние составляло от 5 до 30 см. Обнаружено, что средняя напряженность возникновения частичных 
разрядов и средняя напряженность пробоя снижаются при увеличении межэлектродного расстояния. Можно 
предположить, что эта тенденция будет справедлива и в полевых условиях, что дает возможность использо-
вать электротепловой пробой для подземного нагрева и конверсии углей. При этом данные зависимости 



ISSN 2224-5278                                                                                Series of Geology and Technical Sciences. 5. 2019 
 

 
251 

коррелируют между собой, что может быть использовано для прогнозирования напряжения пробоя при 
известной напряженности возникновения частичных разрядов. 

Ключевые слова: уголь, частичные разряды, электрический пробой, подземная газификация, нагрева-
тельный элемент, напряжение, электрическое поле. 
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