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The article discusses the application of the electric pulse method of coal grinding for obtaining raw materials
for water-coal fuel. It is noted that the combustion efficiency of water-coal fuel is largely determined by its
granulometric composition, which is traditionally formed using mechanical mills. Despite their widespread
use, such systems are characterized by high energy consumption, intensive wear of working parts, and signif-
icant operational costs. Therefore, the use of electric pulse discharges as an alternative method of coal disin-
tegration is of particular interest. The study analyses the physical principles of electric pulse grinding, which
is based on the impact of short-term high-voltage discharges that cause local micro-explosions, shock waves,
and destruction of the material’s structure. Special attention is given to the electrode system of the electric
pulse installation operating in a heterogeneous “water-coal” environment, including the selection of materials,
electrode geometry, and discharge parameters. The design and operating principle of the experimental electric
pulse installation are described. The aim of the study is to justify and develop an effective electrode system
for the working channel of the electric pulse installation for obtaining water-coal fuel raw materials with min-
imal energy consumption and increased equipment reliability. It has been established that using the inner sur-
face of the working channel as the negative electrode increases the yield of the finished product with a pow-
der diameter ranging from D <0.04 mm to D < 0.2 mm. Additionally, there is a decrease in the size of the
coal powder with a diameter of 0.4 mm < D < 0.7 mm. The obtained results allowed us to choose the optimal
variant of the electrode system in the working channel during the grinding of raw materials using the electric
pulse method.
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Introduction

The use of fuel in thermal power plants significantly impacts their performance, as the correct process
and particle size distribution of the fuel facilitates more complete and efficient combustion [1-3]. Water-coal
fuel production involves grinding the feedstock coal to the required particle size distribution. Various types
of mills, such as ball mills, rod mills, and vibration mills, are used for this purpose. They operate in both dry
and wet modes, providing flexibility in the technological process. However, they have certain disadvantages
associated with the complexity of the design, high maintenance costs, and wear of the working parts. Wear is
particularly sensitive under intense mechanical stress, requiring replacement of parts and increasing costs. In
connection with the above, active research is being conducted aimed at developing new methods and tech-
nologies for coal grinding [4, 5].

From a scientific point of view, there is a number of experimental studies on the use of electric pulse
discharges for grinding raw materials and subsequent production of powdered materials. This technique is
based on the application of high-voltage short-term discharges, which create powerful electromagnetic pulses
that can induce extreme conditions in the material, such as rapid heating, expansion, and intense mechanical
stress. During this process, local microexplosions are created within microscopic pores and structural defects
in the material, leading to the destruction of aggregates and the separation of particles [6, 7].

Some types of electric pulse crushing devices have certain similarities (in terms of appearance and
electrode system), such as an electrode system consisting of a positive and a negative electrode. However,
the physical characteristic of electric pulse crushing is the high pulse voltage applied at intervals of 107 s or
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less, which significantly changes the approach to justifying the design and parameters of a high-voltage
electrode. Comparative indicators of energy consumption at the initial stage of electrical load allow us to
propose electrodes with increased working area and the range of action of electrodes for modes typical of
electric pulse grinding [8].

The electrode system of an electric pulse device for coal grinding is the main component of the system
that interacts with the electric discharge to form fragments of material in a medium consisting of a mixture of
raw materials and processed water. These systems are designed to transmit high-voltage pulses through the
coal pieces to break them into small particles. They are typically made of metal alloys that are resistant to
electrocorrosion and high temperatures, ensuring reliable operation and a long service life of the device.

The choice of electrode material and geometry is crucial for ensuring stable operation and preventing
wear and damage. It is also important to properly position the electrodes relative to the material being
processed and adjust the discharge parameters (voltage, frequency, and duration) to achieve optimal results
with minimal energy consumption. The purpose of this research is to present an effective electrode system
for the working channel of an electric pulse installation for extracting water-coal fuel raw materials.

Materials and Methods

The electric pulse installation consists of the following main components: a control unit for monitoring
the unit’s operating modes; a generator for converting the input alternating voltage into a constant voltage at
the output; a capacitor for storing energy; a protection system for disabling the unit when the capacitor’s
voltage exceeds the set safe discharge voltage; an ignition gap (forming gap) consisting of two conductive
hemispherical electrodes separated by an air gap, designed to generate an electric spark between the conduc-
tors; and a working chamber (working channel) for grinding coal [9].

Coal grinding by the electric pulse method is carried out as follows. Pieces of coal mixed with water are
placed in the working channel. After the generator is powered by the control unit, the high voltage at the
generator output is supplied in parallel to the capacitor. The voltage accumulated on the capacitor increases
to a value at which the air space between the hemispherical electrodes in the forming gap spontaneously
breaks down. Then, all the energy stored in the capacitor is instantly transferred to the positive electrode of
the working channel. Coal grinding occurs under the influence of electric pulse discharges formed between
the positive and negative electrodes in a heterogeneous medium, as well as when shock waves are generated
in the water by these discharges [10-14].

In order to provide an effective version of the electrode system in the working Channel, a metal rod
with a diameter of 6 mm corresponding to GOST ISO 3506 was used as a positive electrode. The upper part
of the positive electrode was powered by a switching power supply unit, which included a control unit, a
pulse generator, a pulse capacitor, and an air-cooled converter gap. The lower part of the electrode was
placed in a medium consisting of a mixture of coal and water.

In experimental studies, the preparation of pre-processing material was performed as follows:

— mechanical disassembly of a large piece of coal (Fig. 1);

— extraction of the necessary fractions from pieces of coal;

— determination of the mass of the coal fraction of the required granulometric composition.

Figure 1. Large piece of coal

Mechanical disassembly of a large piece of coal was carried out in a simple way. For this purpose, tools
that are widely used in everyday life were used. To dismantle the material, a large piece of coal was placed
in a special large-scale container and struck with a mechanical tool from the open part of the container. After
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each blow, pieces of coal in the range d = 13-28 mm were separated (Fig. 2, Table 1). To separate the
necessary fractions from the pieces of coal, a digital caliper was used, which has the simplest structure, one
of the most common measuring instruments and is distinguished by its versatility, high accuracy.

Figure 2. Pieces of coal between 13-28 mm

Determination of the mass of the coal fraction in granulometric composition was performed using elec-
tronic scales (maximum load — 1000 g; discreteness 0,001 g). d — in the table is the average diameter of the
coal fraction, mm; m is the average mass of the sorted coal fractions, g.

Table 1
Granulometric composition of the original product and mass of sorted pieces
Coal fragments Ne d, mm m, g |Coal fragments No| d,mm | m,g
1 7.326 26 6.265
2 7.727 27 7.827
3 6.215 28 6.443
4 6.412 29 6.892
5 6.947 30 7.364
6 8.768 31 7.767
7 6.037 32 6.095
8 7.044 33 6.564
9 7.330 34 8.028
10 7.181 35 6.934
11 6.166 36 6.362
12 6.355 37 8.146
13 13-28 7.163 38 13-28 | 7.861
14 7.889 39 7.384
15 8.762 40 7.576
16 8.282 41 8.343
17 7.273 42 8.124
18 8.937 43 7.565
19 7.099 44 8.129
20 6.129 45 6.662
21 6.902 46 6.433
22 6.831 47 6.927
23 7.917 48 8.851
24 6.761 49 7.744
25 6.386 50 6.583

In the work, the sorting of coal fractions in the range of 13-28 mm allows you to determine the yield of
the finished product after grinding the studied raw materials in electric pulse technology, select electrical and
geometric parameters of the material processing technology, design the structure of the disassembly and
grinding device. The mass of the coal fractions was assumed to be approximately the same before
processing.
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Results and Discussion

For the design of the working channel electrode system, various options for electrodes were considered.
The negative electrode was offered in variants such as:

— sole of the inner surface of the working channel made of steel;

— negative electrode height 4 = 4 mm, diameter d = 10 mm;

— negative electrode height 4 = 8 mm, diameter d = 10 mm.

The tests were performed at the following parameters: pulsed capacitor capacity C = 0.4 uF; pulsed
discharges formed in the air converter interval voltage U =25 kV, number of pulsed discharges N = 1000
discharges (Fig. 3).

After coal crushing works by the electric pulse method, the crushed raw materials were separated from
the water and dried. The granulometric composition of coal powder was determined by Standard sieves
according to GOST 12536-2014 “Methods for laboratory determination of Granulometric and micro-unit
composition”. The yield of the finished product was calculated as follows: K = (m/M). 100 %, where M is the
mass of the primary raw material, m is the mass of the powder material obtained by the electric pulse
method). The mass of the initial raw materials was constant for each experiment (M = 100 g).

The function of the negative Negative electrode height h=4 mm, Negative electrode height h=8 mm,
electrode is performed by the base of diameter d=10 mm diameter d=10 mm
the inner surface of the working
channel

0,02<D<0,04 mm

K, %

PNV

w

The function of the negative Negative electrode height h=4 mm, Negative electrode height h=8 mm,
electrode is performed by the base of diameter d=10 mm diameter d=10 mm
the inner surface of the working
channel

0,04<D<0,06 mm

K, %

The function of the negative electrode Negative electrode height h=4 mm, Negative electrode height h=8 mm,
is performed by the base of the inner diameter d=10 mm diameter d=10 mm
surface of the working channel

0,06<D<0,1 mm
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12,55

The function of the negative electrode Negative electrode height h=4 mm,  Negative electrode height h=8 mm,
is performed by the base of the inner diameter d=10 mm diameter d=10 mm
surface of the working channel

0,1<D<0,2 mm
K., %
93 9.27
92 -
9,1 +——

89 -
8,8 -
87 -
8,6 -
8,5 -
8.4 -

The function of the negative electrode Negative electrode height h=4 mm, Negative electrode height h=8 mm,
is performed by the base of the inner diameter d=10 mm diameter d=10 mm
surface of the working channel

0,2<D<0,4 mm
K, %

76,24
76

4 723
72

70

68

66

o 63,6

62

60

58

56 .

The funetion of the negative Negative electrode height h=4 mm, Negative electrode height h=8 mm,
electrode is performed by the base diameter d=10 mm diameter d=10 mm
of the inner surface of the working
channel

0.4 <D<0,7 mm

Figure 3. The output of the finished product, which depends on the type of negative electrode
in the working channel for crushing coal by the method

From the results of the research, it follows that the yield of the smallest product (0.02 <D < 0.04 mm)
when the base of the inner surface of the working channel performed the negative electrode function was
1.25 %, for the largest product (0.4 <D < 0.7 mm) — 63.6 %. When the negative electrode function was
performed by a metal rod with a height of #=4 mm d =10 mm, the smallest coal yield was 0.64 %, the
largest — 72.3 %. When increasing the height of the negative electrode # = 8 mm, these indicators changed
at intervals as follows: 0.71 % for coal powder 0.02<D<0.04 mm, 76.24 % for coal powder
0.4<D<0.7mm.

Experimental studies show that the configuration of the electrodes is important for the formation of fa-
vorable discharges in an environment consisting of a mixture of water and coal. In particular, when creating
such a discharge, the active area of the positive electrode is minimized, and the active area of the negative
electrode is increased. Such a circuit makes it possible to develop long and extensive electrical circuits—the

“Physics” Series. 2026, 31, 2(122) 95



A.K. Khassenov, D.Zh. Karabekova et al.

so-called ultra-long discharges between the electrodes. The basic idea is that by reducing the active part of
the positive electrode (that is, the part where direct contact with the liquid occurs) and simultaneously in-
creasing the area of the negative electrode, conditions are created to maintain a stable long discharge. This
change allows the discharge to “germinate” over long distances inside the liquid, and also promotes the for-
mation of thin luminous channels called streamers. These processes make it possible to form discharges with
a long length and a significant channel area capable of intensively releasing energy into the surrounding
space [11, 15-17].

Conclusion

Coal was crushed under the influence of electric pulse discharges, and the granulometric composition of
the resulting powdered product was analyzed. The yield of the finished product was determined and the coal
grinding was studied depending on the type of electrode in the working channel for coal grinding using the
electric pulse method. According to experimental data, it was found that using the bottom of the inner
surface of the working channel as a negative electrode increases the yield of the finished product with a
powder diameter from D < 0.04 mm to D <0.2 mm. At the same time, a decrease in the amount of coal
powder with a diameter of 0.4 mm <D < 0.7 mm was observed. The results obtained made it possible to
choose the optimal version of the electrode system in the working channel for grinding raw materials using
the electric pulse method. Analysis of experimental data has shown that the intensity of grinding of raw
materials can be increased using the proposed electrode system. The results of the study can be used in the
design of new types of devices that improve the energy efficiency of the technology of electric pulse
processing of natural raw materials.
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A K. Xacenos, JI.)K. Kapabekoa, M.M. bonat6ekoBa,
P. Opazbaes, JI.B. Unpkosa, P.M. Ceuron

KeMmip-cy 0TBIHBI IIMKI3aTHIH AJTYAbIH 3JIeKTPUMIYJbCTI KOHIBIPFBICHI
JKYMBIC aPHACBIHBIH JJIEKTPOATHIK KYHeCiH ko0anay

Makanana KeMip-Cy OTBHIHBIHBIH INHKI3aTHIH ajy YIIiH KeMIpAi YHTaKTayAblH JJIEKTPUMITYJIBCTI 9iciH
KOJIIaHy KapacThIpbUIbl. KeMip-Cy OTHIHBIHBIH JKaHy THIMIUIIrT KeOiHece OHBIH T'PaHyJIOMETPHUSIIBIK
KYpPaMBIMEH aHBIKTAIAbl, OHBIH KAJIBIITACYbl JOCTYPIL TYPAE MEXaHUKAIBIK AUIPMEHAEPAl KOIIaHy apKbUIbI
JKy3ere acelpbuiafpl. KeH TapanraHblHa —KapaMacTaH, MyHAAall KOHABIPFBUIAD JKOFapbhl HEPIHUs
CBHIMBIMABUIBIFBIMEH, JKYMbIC OOJIKTepiHiH KapKbIHABI TO3YBIMEH JKOHE aHTapiblKTail maiijamaHy
HIBIFBIHAAPBIMEH cunatTanansl. OceiFaH OaiiyIaHBICTHL KOMIp/i Je3MHTETpalusUIaydblH Oanama ofici peTiHae
JNIEKTPUMITYJIBCTI  Pa3psATapAbl KOJJAHy epeKIle KbI3BIFYIIBUIBIK Tynslpyna. JKymbIcTa JKeprilikTi
MHKPOYKapbUIBICTAp/IbI, COKKBI TOJKBIHIAPHIH XKHE MaTeprall KYPbUIBIMBIHBIH OY3bUTYBIH TYIIBIPATBIH KBICKA
Mep3iM/i JKOFaphbl BOJBTTHI Pa3psITapIbIH dCEpiHe HETi3AeNreH 3JIeKTPHUMITYIIBCTI YCaKTayAbIH (DH3HKAIBIK
Herizzepi Tanmangsl. «Kemip-Cy» TeTeporeHai opTachlHIa OpHATACATHIH AIEKTPUMITYJIBCTI KOHIBIPFBIHBIH
SMEKTPOATHIK KyHeciHe, COHTal-ak MaTepHalAapAbl TaHAAyFa, SIEKTPOATAPIBIH TE€OMETPHICHIHA >KOHE
paspsan mapaMeTpliepiHe epeKmle Hazap aynapeUIabl.  TOXKIPHOETIK 3IEKTPUMITYJIBCTI KOHABIPFBIHBIH
KYPBUIBIMBI JKOHE OHBIH XXYMBIC MPUHIUII CHINATTAIIBl. 3epPTTeyAiH MaKCaThl MHHHMAJABl YHEPTeTHKAIBIK
IIBIFBIHAAPMEH KOHE KaOIBIKTBIH CEHIMIUTTIH apTThIpa OTHIPHIN, KOMip-Cy OTBHIHBIHBIH IIHKI3aTBIH ary
YILIH 3JIeKTPHUMITYJIBCTI KOHIBIPFBIHBIH JKYMBIC apHACHIHBIH 3JIEKTPOJ KYHECIHIH THIMIII HYCKAaCBhIH Herizaey
JKoHe d3ipiey. JKyMbIc apHACBIHBIH iMIKI OCETiH Tepic AJIEKTPOJ PETiHAC MaiiianaHFaH Ke3ae YHTaK AuameTpi
D <0,04 mm-nen D <0,2 MM-re JeiiHTi JallblH OHIMHIH IIBIFBIMBI apTATHIHBI aHBIKTANAbL. CoHmaii-ak,
muametpi 0,4 MM <D <0,7 MM KeMip YHTaFbIHBIH MOJILIEPiHIH a3arobl OaiKanbl. AJIBIHFaH HOTHKeJep
HIMKI3aTTHl AJIEKTPOMMITYJIBCTI OMICIICH YHTaKTay Ke3iHIe >KYMBIC apHACBIHAAFBI MIIEKTPOATAP KYHeciHiH
OHTAIJIBl HYCKACKIH TaHAayFa MYMKIHIIK Oepi.

Kinm ce30ep: 3mMeKTpUMYJBCTI paspsiji, KOFaphl BOIBTTHI Pa3psil, MIMKi3aT, KOMIP-Cy OTBIHBI, JKYMBIC
ANEKTPO/IbI, KOMIP YHTAFbl, AC3UHTErPALUs, Pa3psi KepHeyi, JalblH OHIM MIBIFBIMBI, KOMIP-CY OTHIHBIHBIH
HIUKI3aThI

A K. Xacenos, JI.K. KapabexoBa, M.M. bonat6ekoa,
P. Opaz6aes, JI.B. Uupkosa, P.M. Ceuros

IIpoexkTHpoOBaHMe YJIEKTPOAHOM cCCTeMbl padouyero KaHajaa
JIEKTPOUMITYJILCHON YCTAHOBKH /IJISl MOJIYYEHUSA ChIPbS
YIOJIbHO-BOASIHOTO TOIJIMBA

B crathe paccMaTpuBaeTCsl NPUMEHEHUE 3JIEKTPOUMITYJIBCHOTO METOJa M3MENbYEHUs YIJIA Ul MOJTy4eHHs
CBIPBSI YTOJIBHO-BOASHOTO TorumiBa. OTMedeHO, YTO 3(GPEKTHBHOCTE CrOPAHHS yrOJNHO-BOASHOTO TOIUIMBA
BO MHOTOM ONpEJeNseTcs ero IpaHyJIOMETPHYECKHM COCTaBOM, (POPMHPOBAHHE KOTOPOTO TPaJHIHOHHO
OCYIIECTBIIIETCS C UCTIONb30BAHIEM MEXaHWIECKHX MeNIbHUIL. HecMOTps Ha MIMPOKOe pacipocTpaHeHHe, Ta-
KHE YCTAaHOBKM XapaKTE€PU3YIOTCS BBICOKOW PHEPTOEMKOCTBHIO, HHTEHCHBHBIM H3HOCOM PAabOYHMX OPTaHOB H
3HAUUTENBHBIMHU HKCILTyaTallMOHHBIMH 3aTpaTaMy. B CBsI3M ¢ 3TUM 0COOBIH MHTEpeC MpeCTaBIsIeT HCIIOIb-
30BaHUE HJIEKTPOHMITYJIbCHBIX Pa3psoB KaK albTEPHATUBHOTO CIIOc00a Je3uHTerpauu yris. B padore npo-
AQHANM3UPOBaHbl (PU3UUECKUE OCHOBBI DJICKTPOMMITYJILCHOTO H3MENIbUCHHUS, OCHOBAaHHBIC Ha BO3JCHCTBHU
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KPaTKOBPEMEHHBIX BBICOKOBOJILTHBIX Pa3psoB, BBI3BIBAIOIINX JIOKAIbHBIC MHKPOB3PBIBBI, YIaPHBIC BOJIHbBI 1
paspylieHue CTpYKTypbl Matepuaia. Oco0oe BHUMaHHE YIENCHO 3IEKTPOJHON CHCTEME JICKTPOUMILYJIbCHOM
YCTaHOBKH, ()YHKLIMOHUPYIOIIEH B FeTEPOreHHON cpelie «yrojib—BoJa», a TaKXkKe BBIOOPY MaTepHasioB, Ieo-
METpPHUH JIEKTPOJOB U HapaMeTpoB paspsaa. Omucana KOHCTPYKIHS SKCIIEPUMEHTAILHOH JIEKTPOUMITYIIbC-
HOHM yCTaHOBKH M NPHHIHUI €€ paboThl. Llenpio nccnenoBanus siBiseTcs 000CHOBaHHE U pa3paboTka dddex-
THUBHOT'O BapHaHTa JIEKTPOTHON CHCTEMBI pabodero KaHasia MJIeKTPOUMITYIECHOW YCTaHOBKH IS ITOTYICHUS
CBIPBS YTOJIBHO-BOJSTHOTO TOIUIMBA C MHHHMAIIBHBIMH 3HEPTeTUUSCKUMH 3aTPaTaMH U ITOBBIIICHHONW HaIEX-
HOCTBIO 000pYIOBaHHsA. Y CTAHOBIICHO, YTO IPH UCIOJIb30BAHWH BHYTPEHHEH MOBEPXHOCTH pabouero KaHaia
B KQueCTBE OTPHIATEIHLHOTO 3JIEKTPOia YBEINUHBACTCS BHIXOJ FOTOBOTO IPOAYKTA AUAMETPOM IOPOLIKA OT
D<0,04mm o D <0,2mm. Takke OTMEUEHO YMEHBIIECHHE Pa3MEpOB YTOJIBHOTO MOPOIIKA THAMETPOM
0,4 Mmm < D < 0,7 mM. [ToyueHHble pe3yabTaThl HO3BOJIMIN BEIOPAaTh ONTUMANIBHBIA BAPHAHT CHCTEMBI HJICK-
TPOJIOB B paboueM KaHajle IIPH U3METbYCHHH CHIPhS SIEKTPOUMITYIECHBIM METOIOM.

Knrouesvie cnosa: 3HeKTpOHMyHBCHBIfI paspian, BBICOKOBOJIBTHBIN pa3pan, CeIpbE, YTOJIbHO-BOAAHOC TOIIUBO,
pa60q14171 DJIEKTPOX, yFOHLHLIfI TIOPOIIOK, NE3UHTECTpallnsd, HAIPSDKCHUE paspsia, BbIXOJ TOTOBOTO NPOAYKTa,
CBIPEE YT'OJIbHO-BOASTHOI'O TOILIIMBA
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