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Analytics

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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ELECTROPHYSICAL CHARACTERISTICS
OF THE COAL ASH OF THE MAYKUBEN BASIN

Abstract. In this work, the temperature dependences of the electrophysical characteristics (electrical
capacitance, electrical resistance, dielectric permittivity) were investigated in the range of 293-483 K for coal ash of
the Maikuben basin (Kazakhstan) in its initial form, after electromagnetic (EM) and electrical discharge (ED)
treatments. The temperature ranges in which the material exhibits both semiconductor properties and metallic
conductivity are established. The band gap width (AE) was calculated for the studied samples. The measurement
results showed that in comparison with the initial ash and ash after the EM treatment, the ash after the ED treatment
has the highest values of electrical capacitance and dielectric permittivity and the lowest electrical resistance.
Analysis of the research results showed that coal ash after ED treatment seems promising as a prepared raw material
for its further thermochemical processing with the extraction of such valuable components as rare metals, silica,
alumina, as well as a capacitive material (capacitor) and semiconductor.

Key words: coal ash, electrical resistance, electric capacity, dielectric permittivity, electric discharge treatment,
semiconductor conductivity, metallic conductivity, band gap.

Introduction. When coal is burned, mineral components are converted into ash and slag, which are
stored as waste products of energy production in ash and slag dumps. Despite the fact that ash dumps are
classified as waste of the fifth hazard class (practically safe), they negatively affect the environment.

In Kazakhstan, the concept of transition to a "green" economy was approved. In accordance with it,
all sectoral and regional development programs should be analyzed for compliance with the principles of a
"green" economy. Strengthening control over compliance with environmental standards by industrial
enterprises and the introduction of stringent requirements for including ash and slag waste disposal (ASW)
projects into TPP projects determines the relevance of ash processing facilities.

Coal-fired power plants are suitable for cost-effective use in various industries by extracting many
valuable components from ASW: aluminosilicate and magnetic microspheres [1], silica [2], alumina [3-5],
rare metals [6-11] and using the remaining mass of ash as a raw material for the production of building
materials [1,12,13].

Traditionally, fossil coals are attributed to semiconductors, since their electrical conductivity at
constant current and room temperature is in the range of 10°-10° Q "m™'. In a sufficiently large
temperature range up to 200° C, the electrical conductivity increases with increasing temperature, which is
characteristic of semiconductors [14-16]. Therefore, the study of these properties of the mineral part of
coal, taking into account the widespread use of ash and slag waste, is of definite scientific and practical
interest.

The purpose of this work is to study the electrophysical characteristics of ash from coal combustion
of the Maikuben basin (the Shoptykol deposit, Kazakhstan).
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Earlier, we conducted similar studies to determine the electrical characteristics of the initial and
activated shale of Kendyrlyk field [17].

Research methodology. Ash and slag wastes from coal combustion of the Maikuben basin
(hereinafter Maikuben coal) were used as feedstock, which were kept in a muffle furnace at 815 °C for
1.5 hours to remove underburning (carbon part of ASW).

The objects of research are samples of ash of Maikuben coal (after removal of underburning) in its
initial form, after processing on an electromagnetic apparatus (hereinafter EM treatment) for fine grinding
of ash, and after electric discharge treatment (hereinafter ED treatment) for weakening and/or breaking
chemical bonds in an aqueous solution of ash.

EM processing of ash samples was carried out on an electromagnetic apparatus EMA-1, consisting of
an inductor, a working chamber and a tripod. Electric parameters of EMA-1: rated current - 8 Amps;
nominal electromagnetic field strength in the center of the inductor (at 220 V) — 40-45 kA/m; active power
—0.15-0.2 kW; The power and capacity of capacitors to compensate for coso is 400 microfarads.

Before EM treatment, the ash was mixed with magnetic granules (2-3 mm in diameter) (mass-to-mass
ratio of magnetic granules — 1:10; magnetic granules occupied 70-80% by volume of the working
chamber) and then poured into the working chamber installed inside the inductor (in the middle). During
processing (3 times for 8§ minutes), the ash was thoroughly mixed and crushed due to the strong rotating
and colliding actions of the magnetic granules, which is caused by the induction of the vortex electric field
due to the alternating electromagnetic field. Visually, it was found that the size of the ash particles after
electromagnetic treatment decreased markedly compared with the particles of the original ash.

The ED treatment of coal ash was carried out on a laboratory electrical discharge installation
consisting of a power regulator, a capacitor unit, a step-up transformer (from 220 V to 30 kV), a reactor
(200 ml capacity) with two electrodes. Ash (40 g) and water (80 ml) were thoroughly mixed and the
resulting solution was poured into the reactor. The installation was turned on via a special remote control
and the solution was treated with an electric discharge for 3 minutes and then dried to a dry state.

The elemental composition of the ash of Maikuben coal was studied by energy dispersive X-ray
spectroscopy on a scanning electron scanning microscope SEM (Quanta 3D 200i) with an attachment for
energy dispersive analysis (EDAX). The samples were fixed on a copper holder with conductive adhesive
paper. Previously, a thin conducting layer of carbon was deposited on the surface of the samples in a
special vacuum unit for the best passage of charges. The energy of the exciting electron beam in the
analysis was 15 keV, the working distance was 15 mm.

Measurements of the Maikuben coal ash electrophysical properties were carried out according to the
procedures [18,19]. The study of electrophysical characteristics (permittivity € and electrical resistance R)
was performed by measuring the electrical capacity of samples C on a LCR-800 serial instrument
(Taiwan) at a working frequency of 1 kHz continuously in dry air in a thermostatic mode with a holding
time at each fixed temperature.

Previously, plane-parallel samples were made in the form of disks with a diameter of 10 mm and a
thickness of 5-6 mm with a binding additive (~ 1.5 %). Pressing was performed under a pressure of
20 kg/cm®. The resulting disks were fired in a silica oven at 400 °C for 6 hours. Then they were
thoroughly double-sided grinding.

The dielectric permittivity € was determined from the electrical capacity of the sample at known
values of the sample thickness and the surface area of the electrodes. To obtain the relationship between
the electrical induction D and the electric field strength E, the Sawyer-Tower circuit was used. Visual
observation of D (£ hysteresis loop) was performed on a C1-83 oscilloscope with a voltage divider
consisting of a resistance of 6 mQ and 700 kQ and a reference capacitor of 0.15 pF. The frequency of the
generator is 300 Hz. In all temperature studies, the samples were placed in a furnace, the temperature was
measured with a chromel-alumel thermocouple connected to a B2-34 voltmeter with an error of £0.1 mV.
The rate of temperature change is ~5 K/min. The magnitude of the dielectric permittivity at each
temperature was determined by the formulag = £, where Cj = 05
0

— the capacitance of the

capacitor without the test substance (air).
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The calculation of the width of the forbidden zone (AE) of the test substance was determined by the
formula: AE = (2kT,T,)/(0,43(T, —T;)) - (lgR; — lgR,) (where k — Boltzmann constant, equal to
8.6173303-10° eV-K'l; R;— resistance at T;; R,— resistance at 15).

Results and discussion. The results of elemental energy dispersive analysis of coal ash, shown in
Table 1, show that the main macroelements of ash are acidic and amphoteric oxides of silicon, aluminum
and iron, the total concentration of which is 85.06 %, which is comparable with similar data obtained in
[20] for the ashes of the Maikuben coal (84.31%).

Table 1 — The chemical composition of the mineral part of the Maikuben coal

Content, %

SiO,

AlLO;

F6203

CaO

MgO

TiO,

SO;

P205

K20 + N320

50.16

26.63

8.27

5.84

2.79 1.05

0.93

0.87

1.16

The results of measurements of the Maikuben coal ash electrophysical characteristics in its initial
state, after the EM and ED treatments in the range of 293-483 K, are given in tables 2-4 and figures 1-3.

Table 2 — Dependence of electrical resistance (R), electrical capacitance (C)
and dielectric permittivity (¢) on temperature (coal ash in its initial form)

T, K C,nF R,Q € lge IgR
293 0.02053 7208000 163 2.21 6.86
303 0.04537 5566000 359 2.56 6.75
313 0.18698 2827000 1480 3.17 6.45
323 0.64511 1509000 5107 3.71 6.18
333 1.5823 946300 12527 4.10 5.98
343 3.7755 567400 29890 4.48 5.75
353 8.5853 346200 67968 4.83 5.54
363 18.691 210100 147973 5.17 5.32
373 37.243 132200 294845 5.47 5.12
383 72.458 84260 573636 5.76 4.93
393 121.55 59750 962287 5.98 4.78
403 152.67 51220 1208658 6.08 4.71
413 124.82 61420 988175 5.99 4.79
423 9.708 362600 76856 4.89 5.56
433 1.4072 1127000 11141 4.05 6.05
443 0.35224 2415000 2789 3.45 6.38
453 0.07079 5306000 560 2.75 6.72
463 0.02075 8575000 164 2.22 6.93
473 0.01138 7107000 90 1.95 6.85
483 0.0096 6003000 76 1.88 6.78
Table 3 — Dependence of electrical resistance (R), electrical capacitance (C)
and dielectric permittivity (g) on temperature (coal ash after EM treatment)
T7,K C, nF R, Q € lge 1gR
293 0.11632 3981000 1088 3.04 6.60
303 0.34158 2130000 3196 3.50 6.33
313 1.4915 984100 13955 4.14 5.99
323 6.1317 447800 57370 4.76 5.65
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Continuation of table 3

T,K C, nF R, Q € lge 1gR
333 15.199 256000 142205 5.15 5.41
343 30.494 165300 285309 5.46 5.22
353 56.837 108900 531779 5.73 5.04
363 104.7 72710 979596 5.99 4.86
373 101.25 76420 947317 5.98 4.88
383 45.854 125500 429020 5.63 5.10
393 12.499 301400 116943 5.07 5.48
403 0.96776 1499000 9055 3.96 6.18
413 0.02377 9965000 222 2.35 7.00
423 0.00699 8370000 65 1.82 6.92
433 0.0061 4731000 57 1.76 6.67
443 0.00568 2586000 53 1.73 6.41
453 0.00549 1891000 51 1.71 6.28
463 0.00569 828900 53 1.73 5.92
473 0.00527 1498000 49 1.69 6.18
483 0.00565 3416000 53 1.72 6.53

Table 4 — Dependence of electrical resistance (R), electrical capacitance (C)
and dielectric permittivity (¢) on temperature (coal ash after ED treatment)

T,K C,nF R, Q € lge IgR
293 89.205 28610 770420 5.89 4.46
303 102.89 26190 888611 5.95 4.42
313 140.56 21370 1213948 6.08 4.33
323 185.14 17820 1598964 6.20 4.25
333 260.53 13610 2250070 6.35 4.13
343 362.6 10160 3131599 6.50 4.01
353 497.02 7641 4292519 6.63 3.88
363 710.51 5586 6136327 6.79 3.75
373 948.76 4405 8193976 6.91 3.64
383 1278.1 3418 11038325 7.04 3.53
393 1602.9 2815 13843463 7.14 3.45
403 1815.5 2590 15679585 7.20 3.41
413 1162.9 4156 10043398 7.00 3.62
423 536.08 10650 4629861 6.67 4.03
433 208.62 33220 1801749 6.26 4.52
443 82.004 87670 708228 5.85 4.94
453 23.295 192800 201188 5.30 5.29
463 2232 808900 19277 4.29 591
473 0.17871 3219000 1543 3.19 6.51
483 0.0604 5514000 522 2.72 6.74
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Figure 1 — Temperature dependence of the dielectric permittivity (a)
and electrical resistance (b) of coal ash in its initial form
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Figure 2 — Temperature dependence of the dielectric permittivity (a)
and electrical resistance (b) of coal ash after EM treatment
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The results of the obtained data showed that the samples of the initial ash and ash after the
EM treatment in the temperature ranges 293-403 K and 293-363 K, respectively, exhibit semiconductor
properties, in the intervals 403-463 K and 363-413 K, they exhibit metallic conductivity, in the intervals
463-483 K and 413-463 K — semiconductor properties. In addition, the ash after the EM treatment in the
range of 463-483 K exhibits metallic conductivity again. In contrast to these samples, the ash after the
ED-treatment has only one temperature interval of 293-403 K, where it exhibits semiconductor
conductivity, and the metallic conductivity exhibits in the interval of 403-483 K. Thus, the ED-treatment

Figure 3 — Temperature dependence of the dielectric permittivity (a)
and electrical resistance (b) of coal ash after ED treatment

—— 208 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

of ash leads to the expansion of the temperature range when heated, in which the metallic conductivity is
manifested.

A comparative analysis of the electrophysical parameters shows that if the initial ash and ash after the
EM treatment are approximately comparable, then after the ED-treatment these parameters differ
significantly, mainly in the range of 293-453 K. Thus, the electrical intensity of the ash after the
ED-treatment varies 89-1800 nF, which is substantially more than in the initial ash (0-153 nF) and the ash
after the EM treatment (0x105 nF). The dielectric permittivity of the ash after the ED treatment (~107) is
an order of magnitude greater, unlike the samples of the initial ash and ash after the EM treatment (~10°).
The ash after the ED treatment is also characterized by lower values of electrical resistance compared to
other test specimens.

It should be noted that the highest values of C and ¢ and the lowest electrical resistance for all
samples are observed at the points of transition from semiconductor to metallic conductivity (up to 403
K). At the same time, the highest values of R are reached at the points of transition from metallic to
semiconductor conductivity (with the exception of ash after ED-treatment, where this transition point is
the final temperature of metallic conductivity of 483 K)

The calculation of the width of band gap (AE) of the investigated substances was carried out on the
basis of the following parameters (based on tables 2-4) given in table 5.

The results of the calculation of AE are:

— for the initial ash 1-s1 3052 AE ~0.63 3B;

— for the ahs after EM treatment: 1% zone AE ~ 0.83 eV, 2™ zone AE = 1.81 eV;

— for the ahs after ED treatment: AE = 0.56 eV.

The calculation of AE for the initial ash in a very narrow interval of 463-483 K has no practical
meaning.

Table 5 — Initial data for calculating the width of the band gap (AE)

1st interval of semiconductor conductivity 2nd interval of semiconductor conductivity
A T, K 7, K Ig Ry, Q Ig Ry, Q T, K 75, K Ig R, Q Ig Ry, Q
Initial 293 403 6.86 4.71 - - - -
After EM treatment 293 363 6,60 4.86 413 463 7.00 5.92
After ED treatment 293 403 4.46 341 - - - -

As can be seen from the calculated data, the value of AE for ash after the EM treatment
increases when going from the 1% to the 2™ forbidden zone. The obtained values of the band gap
(AE = 0.56-1.81 V) show that virtually all the ash samples studied are narrow-gap semiconductors.

Findings. The results of the study showed that the high-voltage electric discharge treatment of the
ashes of the Maikuben coal leads to a significant change in its electrophysical characteristics. This can be
practically used in the process of preparing coal ash for the purpose of its further thermochemical
processing with more complete leaching of valuable components (rare metals, silica, alumina) and/or the
possibility of carrying out the process at lower values of technological parameters (temperature,
concentration of reagents, exposure time of solutions etc.), compared with the original ash. Moreover, as
shown by the analysis, coal ash after ED-treatment seems promising as a capacitive material (capacitor)
and semiconductor.

Work funding. This work was carried out as part of the scientific and technical program No. IRN
BR05236359 " Scientific and technological support of coal processing and production of high-conversion
products of carbon chemistry”, funded by the Committee of Science of the MES of the Republic of
Kazakhstan.
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b. T. Epmaraméer’, b. K. Kacenos?, H. VY. HypraJmeBl, E.E. KyaHblIl.lﬁeKOBz, 7K. M. KacenoBa'

! «KeMmip XHMUSCHI 3KoHE TeXHOMOrHs MHCTHTYT JKIIIC, Hyp-Cyirran, Kasakcra;
K. O6ileB aTbIHAAFbI XUMHA-METaLTyprust HHCTUTYThI, Kaparanmsl, Kasakcran

MAMKYBEH BACCEMHI KOMIP KYJIIHIH SJIEKTPO®U3UKAJIBIK CUTIATTAMAJIAPBI

Annoranus. XXymeicta Maiikyoen 6acceitninin (Kaszakcran) kemip KysiHe KatbicThl 293-483K nHTepBaNbIHIA
AIIEKTPMArHUTTIK JKOHE 3JIEKTPOPaspsATHIK OHJICY/AEH KeWiHri OacTamkbl TypAeri AJeKTpOo(U3UKAIBIK CHIaTTamMa-
JapAbIH (3JEKTP OTKI3TILITIT, SEKTP KeAeprici, AUAISKTPIIK OTKI3TIIITIr) TeMIIepaTypalblK TOYEI I 3epTTelIi.
Kemip KyJiiH 3JeKTPOMAarHUTTI OHACY MHIYKTOPJAH, )KYMbIC KaMepachl MEH LITaTHUBTEH TypaThiH OMA-1 anekTpo-
MarHuTTI annaparbiHia 8§ MUHYTTaH 3 peT xkyprizinai. DMA-1 annaparbiHbIH 3JEKTPIIK HapaMeTpIiepi: HOMHUHAI b
TOK - 8§ AMmep; MHIYKTOP OpPTACBIHAAFbI 3JEKTPOMATHUTTIK OPICTIH HOMHUHaNIbI KepHeyiiri (220 B kesinze) -
40-45 xA/M; Gencenai kyarsl - 0,15-0,2 kBT; cos¢ KoMIeHCalUsChiHA apHAIFaH KOHJECHCATOpJIAp KyaThbl MEH
CBIABIMIBLIBIFBL - 400 MK®D. DJIEKTPOMArHUTTI OHICYNEH OYPBIH KyJI AMamerpi 2-3 MM MarHutTTi TYyHipIIiKTepMeH
apangacThIpblIaabl (YHTAKTAIATEIH MAaTepHall MACCAChIHBIH MarHUTTI TYHIPIIIKTEp MaccachiHa KaThiHACH! 1:10) jxoHe
OJlaH KeiliH MHIYKTOP OpPTACBIH/Aa OPHATBUIFAH XKYMbIC KamepachiHa Teriieai. Kemip KyiiH 3JeKTp 3apsaThl OHICY
KyaT PEeTTEerillTeH, KOHAEHCATOp OJIOrblHAaH, KOFapblIaTtarbiH TpaHcdopmaropaan (220 B-ran 30 kB-ka aeitin),
kesiemi 200 MIT eKi 3JIeKTPOITHI peaKTOp/IaH TYPAThIH JIEKTP 3apsiaTay KOHIBIPFbIChIHIA x)yprizinmi. Kymnai (40 r)
xoHe cyapl (80 MII) MYKHMST apanacTbIpblll, ajJblHFaH EPITIHAIHI peakTopra Ky#HIbl. ApHaiibl MyJIbT apKbLIbI
KOHJIBIPFBIHBI KOCBII, €PITIHIIHI 3 MUHYT 3JIEKTP pa3psibIMEeH OHJICH, OllaH dpi Kyprak Kyiire AeliH KenTipeni.
DrekTpoHu3UKaIbIK cunarraManapasl enmey 1k['1 )KyMbIC KHLTIrT Ke3iHIe TEPMOCTATThl PeXKUMIIE KYPFaK ayana
Y3AIKCi3 TEPMOCTATThl PEKUMJE Op TIPKEIreH TeMIeparypajga YCTay YakbITbIMEH YITUIEpAiH 3JeKTp KaOblima-
FBIITHIFBIH oJey apKpuibl LCR-800 (Taiwan) cepusiiblk acriaObiHAa )KYpriziiai. JIuanekTpaik eTKi3riTiri YriHig
KaJIBIH/IBIFBI MEH 3JIEKTPOATap OeTi ayAaHbIHBIH OENTijl MOHIHJE YITIHIH AJIEKTP ChIHBIMIBUIBIFBIHAH AHBIKTAJIJIBI.
D anektp uHAyKuusickl MeH E syiekTp epiciHiH KepHeyniri apachlHmarbl Toyenaitikri any yurH Coiiep-Tayap
cxemachl KoJiaHbuiibl. Busyannel Oakpuiay 6 MOM sxone 700 kOM KezmeprilieH TypaThiH KepHeEy Oeuirimil yoHe
0,15 Mr® osrtanonablk koumeHcatopbl O0ap C1-83 ocmwmiorpadeinga D (E rucrtepesuc inmeri) skyprisiiml.
I'eneparopabiy xuiniri 300 'u. bapnbik TeMneparypaibik 3epTTeyiepae Yiuriiep neike OpHaIaACThIPbUIFaH, TEMIIe-
parypa +0,1 MB karemiriven B2-34 BoJbTMETpiHE KOCBUIFAH XpPOM-aJIOMENbIl TepMOOapaMeH OJIIICHTeH.
TemneparypanblH e3repy xbuigamabirbl 5 K/Mun. TeliibiM canbiaran aiimak eHin ecentey (AE) temmneparypa meH
3JIEKTP KEAEPTiHiH OacTanKpl OHE COHFBI MOHIHE CYHEHE OTBIPBIN JKYPri3uimi. AJIBIHFAH MAJIMETTEP HOTHKEIEPI
OacTankbl KyJ MEH KYJIIH YJAruIepi 3JeKTpoMarHuTTik eHaeynen keiin 293-403K »xone 293-363 K temmnepa-
TypaJIbIK apajblKTapJa >KapThulail eTKI3TIIITIK KACHETTep, OTKI3TIIITIKTIH MeTau cunatel coikeciniie 403-463 K
xone 363-413 K apanbirsiama, an 463-483 K sxone 413-463 K apansirbinaa KalTa jkapThUlail ©TKI3TIIITIK KACHETTEP
OaiikanaTeiHbIH KepcerTi. byan 6acka, 463-483 K apaibIfblH/ia 2JIEKTPOMAarHUTTIK OHJIEYACH KeHiHT1 Ky KailTagaHn
MEeTaJlI OTKI3MIITICH KepceTei. DIeKTp 3apsAThl OHJEeYAeH KeHiHT1 KYJIH OChl YJrIepiHeH albIPMAIbLIBIFbl TEK
6ip 293-403 K TeMmneparypaliblk HHTEpBaJ 00Ja/ibl, OHJA KAPThUIAi OTKI3TIITIKTIK KACHET KOPCETINIel, al MeTasll
cexinai etkisrimTikti 403-483 k MHTepBaNbIHIA Kepcereai. bysl HoTKenepnl Tanaay KYJIi SJIEKTp paspsaray
apKbUIbl OHJICY METAII OTKI3TIIITIK Maiiia 00JaThIH KbI3ABIPY OapBICHIH/IA TEMIIEPATYPANIBIK THANa30HIbI KeHEHTe 1.
DJ1eKTpOPHU3UKAIBIK MapaMeTpIIep/iH CalbICTHIPMaIIbl Tal/Iaybl, €rep JIEKTPMArHUTTIK OHACYJCH KEHiHT1 Kyl MEH
Gactankel KyJizne mamameH Oipneit Oosica, OHAA 3MEKTPOPa3psAATHl OHACYACH KeHiH Oy mapaMmeTpiep HeriziHeH
293-453 K uHTepBanblHAa aiiTapiblKrail epekiieneHeni. COHbIMEH, JJIEKTP PaspsAATHIK OHACYISH KeHiHI KyJaiH
aneKTpChIbIMabLIBIFBl 89-1800 nF apaseirbiaga e3repei, Oy 6acranke! kyire (0-153 nF) xoHe 31€KTPOMarHUTTIK
enjeynen keitinri kynre (0-105 nF) kaparanpa aiTapiiblkrail Kerm. DIeKTpOpaspsiIThl OHICYACH KEHiH KyJaiH
JMANEKTPIIK OTKI3rimTiri (~ 107) 3MeKTpoMarHuTTiK eHaeyIeH Keilin GacTanKbl Kyl MEH KyJl yiIriiepine KaparaHia
(~10% Gipuemre ece Kxem. DNEKTp 3apsATHI OHICYICH KeHiHri Ky 6acka 3epTTeseTiH yIrilepMeH CalbiCThIPFaHIa
3JIEKTP KEACPriCiHIH a3 MOHIMEH epeKIIeIeHeIl. DICKTP OTKITIIITIKTIH KOHE MUICKTPIIK OTKI3TIIITIKTIH YIKESH
MOHI JKOHE OapJibIK YIITiIepiHe KAThICThI a3 AJEKTP KeAepri »apThuUlail OTKI3TIITeH METAIbIK OTKI3TIIITIKKEe OTy
nykrenepinge (403 K-re neitin) Oaiikanamel. COHBIMEH KaTap, 3JCKTP KEAEPTiCIHIH €H YJIKEH MOHI METajIbIK
OTKI3TIIITIKTEH >KapThUlail OTKI3TIIITIKKE 6Ty HYKTeJIepiHie xerell (6Ty HYKTeCl MeTaJbIK OTKI3TIIITIKTIH COHFbI
temrnepatypacsl 483 K 0oJIbIl caHanaThIH 3JIEKTP pa3psiaTay OHIMIHEH KeHiHri KyJii KocraraHna). ThIAbIM CalbiH-
FaH aiiMak eHiH ecenrtey HoTIKecl (AE) Gacrankpl Ky yiuiH AE ~0,63 3B (1-m1i aiiMak), 21eKTpOMarHuTTi OHIeyAeH
Keiinri kyare KatbicTbl AE = 0,83 3B (1-1mi aiimak) xxone AE =~ 1,81 3B (2-1i aiimMak), 31eKTpopaspsaThl OHIeYICH
ketinri Kyiare KaTeicTel AE =~ 0,56 3B. TrliibiM canbiHFad aitMak eHiHiH anbiarad MoHI (AE = 0,56-1,81 3B) kynaig
OapibIK 3€PTTENICTIH YiriIepi Tap alMakKThl KapThUTall OTKI3TIII OOJBIN CaHAIaThIHBIH Kepceremi. Ochuraiiiia,
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KYprisiireH 3eprrey HoTikedaepi MaiikyOeH KeMip KyJliHIH JKOFapbl KepHEyle SJIEKTP paspsAThl OHAEY OHBIH
ANeKTPGU3UKAIIBIK CUIIATTAMAIAPBIHBIH Al TapJIbIKTall e3repyiHe oKeeTiHIH kepceTTi. MyHbI KeMip KYJIiH JaiibiHaay
yIepiciame OHBI OmaH opi Kapail TEPMOXHMHUSUIBIK OHJIEY MaKCaTBIHIA, KYHBI KOMIOHEHTTepHi (CHpEeK MeTas,
KpEeMHe3eM, TJIMHO3eM) HEFYpPJIbIM TOJBIK €pITIHAIre OTKI3yMEH >KOoHe/Hemece OacTankbl KYJIMEH CallbICTBIPFaH/ia
TEXHOJIOTHSUTBIK TIApaMETPIICPAiH HEFYPIIBIM TOMEH MOHIEpi (TeMmreparypa, peareHTTep KOHIIEHTPAIMACHI, epiTiH-
JIIep/Ii YCTay yaKbIThI )KoHE T.0.) Ke3iHle yIepicTi xKyprizyre naiaananyra Oonansl. COHbIMEH KaTap, KYpri3iiren
Tangay SKYMBICTApBl KOPCETKEHICH, DJEeKTp 3apsAThl OHACYACH KeWiH KeMip Ky CHIMBIMABUIBIK MaTepHa
(KoHEHCATOP) JKOHE JKAPThUIAN OTKI3rilI PeTiHe KOJMAaHy THIMII OOJIBIIT CaHANaIbI.

Tyiiin ce3mep: kemip KyJi, 2JIEKTP KEOCPrici, 3JCKTP CHIABIMABUIBIFBI, TUIICKTPII OTKI3TIIITIK, JJICKTP
Ppa3psAATH OHJIEY, JKAPThUIAI OTKITIIITIK, METAJIIbI OTKI3TIIITIK, HIEKTEYIi aiiMakK eHi.

b. T. Epmaraméert’, b. K. Kacenos?, H. VY. HypraJmeBl, E.E. KyaHblIl.lﬁeKOBz, 7K. M. KacenoBa'

'TOO «MucTHTYT XMMUH, YIS 1 TexHoTorumy, Hyp-Cynran, Kaszaxcran;
X IMHKO-MeTaTyprudecknii nHcTHTYT uM. JK. AGumesa, Kaparama, Kasaxcran

JIEKTPO®PU3IUUYECKHUE XAPAKTEPUCTHUKH 30.1bl YI'JISI MAMKYBEHCKOI'O BACCEMHA

B pabote uccnenoBanbl TeMIepaTypHbIE 3aBUCHMOCTH 3JIEKTPOPHU3MIECKUX XaAPAKTEPUCTHK (3JIE€KTPOSMKOCTb,
ANIEKTPOCOIIPOTHBIICHHE, TUAIEKTPUIECKas MPOHUIIAeMOCTh) B uHTepBasie 293-483 K mns 30me1 yroost MaiikyOeH-
ckoro Oacceitna (KazaxcraH) B MCXOTHOM BHJIE IMOCIE SJEKTPOMArHUTHOTO W AJIEKTPOPA3PSTHOTO BO3ACHCTBHMA.
DNEeKTPOMarHUTHYI0 00pabOTKy 30JIBI YTIIA MPOBOIMWIN 3 pa3a Mo § MUHYT Ha MEKTPOMarHUTHOM ammapate OMA-1,
COCTOSIIIEM U3 WHAYKTOpa, pabodell KaMephl U MITaTUBa. DIEeKTpHYecKue mapameTpsl DMA-1: HOMHHAIBHBIA TOK —
8 Awmmep, HOMUHAIBHBIA HANPSDKEHHOCTH SJIEKTPOMArHWTHOTO TONA B LeHTpe uHAykTopa (mpm 220 B) —
40-45 kA/m; monrHocTh aktHBHAS — 0,15-0,2 KBT; MOIIHOCTS U €MKOCTh KOHICHCATOPOB IS KOMITCHCAIIUU COSP —
400 mx®. Ilepex 3meKTpPOMarHUTHONH 0OpaOOTKOH 301y MEpeMEIINBAIN C MAarHUTHBIMU TpaHyJIaMH THAMETPOM
2-3 MM (COOTHOIIIEHNE MacChl H3MEIhYaeMOro MaTepraia K Macce MarHUTHBIX Tpanyn — 1:10) u 3aTeM BEICHITIAH B
pabouyio Kamepy, yCTAaHOBICHHYIO MOCEPEAMHE BHYTPH HHIYKTOpA. DJIEKTPOPa3psaHyr0 00pabOTKy 30Jbl yIiis
NPOBOAMINA Ha 3JIEKTPOPa3psHON YCTAHOBKE, COCTOSIIEH W3 PEryisropa MOIIHOCTH, OJIOKa KOHJECHCATOPOB,
TpaHcdopmaropa, noseimatoniero (or 220 B go 30 kB) peakropa oobemom 200 My ¢ IBYMSI 3JIEKTPOAAMH.
[IpensaputensHo 301y (40 1) 1 Boay (80 M) TIIATETTFHO CMEIIMBAJIH U MOJyYEHHBII PacTBOP CIMBAIU B PEAKTOP.
UYepes cnenuanbHbIA MyJIbT BKIIFOYATH YCTAHOBKY U 00pabaThIBaNIN pacTBOP ICKTPHUECKUM Pa3psAIoM 3 MUHYTHI U
Janee CyUIMIM J0 CYyXOro COCTOSIHUSI. M3MepeHHs 3neKTpO(U3MUECKUX XapaKTePUCTHK MPOBOAWIN IyTeM
H3MEPEHHUsT JJIEKTPOEMKOCTH 00pas3ioB Ha cepuitHom mpubope LCR-800 (Taiwan) mpu paboueii gacrore 1kl
HETPEPHIBHO B CYXOM BO3IyX€ B TEPMOCTATHOM DPEXHME CO BPEMEHEM BBIIEPKKH NMPH KaXKAOH (PUKCHPOBAHHOMN
TemnepaTrype. JW3IeKTpHUecKy0 NPOHHUIAEMOCTh OIPEACIUI M3 JJIEKTPOEMKOCTH O0pasla IMpH H3BECTHBIX
3HAYCHHUAX TONIIMHBI 00pasia W IUIOMAgN IOBEPXHOCTH JJIEKTPOAOB. IS TMONTydeHHs 3aBHCHMOCTH MEXIY
ANEKTpHYECKON MHIYKIeH D M HampspKeHHOCTBIO 3JeKTpUUecKoro mois E ucrons3oBaHa cxema Coifepa-Tayapa.
Busyansnoe mabmonerne D (E mernn rucrepesuca) mpoBogmwiock Ha ocimuniorpadge C1-83 ¢ menurenem Hamps-
YKEHUSI, COCTOSIIMM 13 conpoTuBiieHuss 6 MOM u 700 kOM, 1 dTasioHHBIM KoHIeHcaTopoM 0,15 Mx®. YacToTa rene-
patopa 300 I'm. Bo Bcex TeMmepaTypHBIX HCCIEIOBaHUAX 00pa3Ibl IOMEIIAINCEH B MIeUb, TEMIepaTypa U3Mepsiach
XPOMEIb-aJIFOMENIEBO TepMOIIapoi, MOIKII0YeHHONH K BoabTMeTpy B2-34 ¢ morpemmocteio 10,1 mMB. CkxopocTth
n3MeHeHHs TeMiepaTypsl ~5 K/mMuH. Pacuer mmpuHb! 3anpemenHon 30H61 (AE) IpOBOIIIN, UCXOSI U3 HAYAIBHBIX
1 KOHEYHBIX 3HAYCHUH TEMIIEPaTyphl U 3JIEKTPOCONPOTHUBICHUSA. Pe3yIbTaThl MOMyYeHHBIX JAHHBIX IOKA3ajH, YTO
00pa3ipl KCXOIHOM 30J1bI M 30J1bI TIOCIIE DJIEKTPOMArHUTHOH 00pabOTKU MPOSBISIOT MOJIYIPOBOIHUKOBBIE CBOIMCTBA
COOTBETCTBEHHO B TeMmIlepaTypHbIX uHTepBanax 293-403K u 293-363 K, merammudeckuii xapakTep MpOBOIUMOCTH
cooTtBeTcTBeHHO B MHTepBanax 403-463 K u 363-413 K, a B untepBanax 463-483 K u 413-463 K — cHOBa moirympo-
BOJHHUKOBBIEC CBOKCTBA. Kpome TOro, 30712 TOCTIE DIIEKTPOMAarHuTHOM 00paboTku B nHTEpBasie 463-483 K mposiiser
OISITh METAJUIMYECKYIO ITPOBOAMMOCTD B OTJIMUME OT JAaHHBIX 00pPAa3I0B 30JIbl MOCIIE ANEKTPOpa3psAHON 00paboTKH,
HMeeT TOJBKO OJUH TemIeparypHbIii mHTepBan 293-403 K, rae mposBiseT MoynpoBOAHUKOBYIO MIPOBOJUMOCTD, a
METAJUIMYECKYI0 MPOBOIUMOCTH MposBisier B mHTepBae 403-483 K. Amanmm3 3TuxX pe3yapTaToB IOKasaji, YTO
aNeKTpopaspsaaHas obpaboTKa 307bI MPUBOAUT K PACHIMPEHHUIO TEMIIEPAaTYpHOTO IHAna3oHa NPH HArpeBaHWH, B
KOTOPOM TMPOSIBIISIETCS METAJUTMYECKasi MPOBOAMMOCTh. CpaBHHUTENBHBIA aHANN3 3JIEKTPOPHU3UIECKUX MapaMeTpoB
MTOKA3BIBAET, YTO €CIHM Y MCXOJHOM 30JBI M 30JIbI TOCIE 3JIEKTPOMATHUTHOW 00pabOTKHA MPUMEPHO COCIIOCTaBUMBL,
TO TOCJIE ANEKTPOPa3psAHON 00pabOTKH JaHHbBIE MapaMeTphl CYIECTBEHHO OTIMYAIOTCS, B OCHOBHOM B MHTEpBae
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293-453 K. Tak, 3JeKTPOEMKOCTh 30JIbI IIOCJIE DJIEKTPOPa3PsAHON 00paboTky m3MeHsercs B npeaenax 89-1800 nF,
9TO CyIEeCTBEHHO Oombine, yem B ucxoxHou 3oie (0-153 nF) m 30me mocie >IeKTpOMarHUTHOW 00pabOTKH
(0-105 nF). JlmdpekTprdeckas MPOHHIIAEMOCTh 30JIBI MOCTIE JIIEKTPOpaspsiaHoii 06padoTkn (~ 107) Ha mopsmok
GoJIbIIe, B OTIMYHE OT 0OPA3IIOB HCXOMHOM 30JIbI M 3071bI [IOCIIE AMEKTPOMArHUTHOH 06paboTku (~10°). 3oma mocmne
AIIEKTPOPA3PSIIHON 00PaOOTKH TAKKE OTIIMYASTCS MEHBIIUMHU 3HAYSHUSIMH DJIEKTPOCONPOTUBIICHHS TI0 CPABHEHHIO C
JIPYTHUMHU HCCIeqyeMbIMU oOpasiamu. HanOompmmme 3HAaYeHHS SJEKTPOEMKOCTH W IWAIICKTPUYECKOH MpOHHUIIae-
MOCTH M HalMEHBIIIEe JIEKTPOCOIPOTHUBIICHNE U BCeX 00pas3moB HAOMIONAIOTCS B TOYKAX HEepexona M3 MOJIyIpo-
BOJHUKOBOW B MeTaJuIn4ecKyio nmpooanmMocts (1o 403 K). Bmecrte ¢ TeM, Haubospmme 3Ha9CHUS HIIEKTPUIECKOTO
COTIPOTHUBIICHUS JOCTUTAIOTCS B TOYKAaX Iepexoja M3 METAIUIMYECKOH B IOIYNPOBOJHHUKOBYIO HMPOBOIAMMOCTH (32
HCKJTFOUYEHHEM 30JIbI TIOCIIE AJIEKTPOPa3psAOHOl 00pabOTKH, TAe NAaHHOH TOYKOW Mepexoma SBISETCS KOHEYHas
TemmepaTypa Metamtndeckor mposoaumoctu 483 K). PesynbraTsl pacuera mUpHHBL 3anpelieHHon 3016 (AE) coc-
TaBWJIU ISl UICXOAHOH 307161 AE ~0,63 5B (1-s1 30Ha), 7151 30161 MTOCIIE JIEKTPOMaraHuTHON 06paboTku AE ~ 0,83 5B
(1-51 30H2) 1 AE = 1,81 3B (2-5 30Ha), A7 306 TIOCIIE NIEKTPOPa3psaHoii o0padotku: AE = 0,56 3B. [lomyuennsie
3HA4YEHMs IIMPHHBI 3arperieHHoi 30Hbl (AE = 0,56-1,81 3B) moka3biBaioT, 4To (DaKTHYECKH BCE HCCIEAyeMbIe
00pa3sipl  30Jibl  SIBJSIFOTCS  Y3KO30HHBIMH  IIOJIyIPOBOJHMKAMH. TakuM 00pa3oM, pe3ylibTaThl MPOBEJCHHOTO
MCCIICIOBAHMS MTOKA3aJIH, YTO AJIEKTPOpas3psiiHas o0paboTKa BBHICOKMM HANpsDKEHHEM 30Jibl MaikyOeHCKOro yriis
NPUBOJUT K CYIIECTBEHHOMY HW3MEHEHHIO €€ 3JIEKTPOPH3MUYECKUX XaPAKTEPUCTUK. DTO MOXKHO HPAKTHYECKU
MCIIOJIb30BAaTh B IPOLECCe MOATOTOBKU YrOJBHOW 30JIbI C LIENIBIO €€ JNalbHEUIIelH TePMOXUMUYIECKON MepepaboTKu ¢
Oosiee TOJNHBIM BBILIEIAYMBAHUEM LEHHBIX KOMIIOHEHTOB (PEIKHX METaJUIOB, KpeMHe3eMa, IJIMHO3eMa) W/WIIU
BO3MOKHOCTBIO IIPOBEICHHS TIpoLiecca IpH Oosiee HU3KUX 3HAYCHHSIX TEXHOJOTMYECKUX MMapaMeTpoB (TeMIeparypa,
KOHIICHTPALUS PEareHTOB, BpeMsI BBIIEPKKH PaCTBOPOB M T.1.), IO CPABHEHHUIO C HCXOAHOM 3010i. Bonee Toro, kak
MOKa3aJl TIPOBEICHHBIN aHAJIN3, 30714 YIS MOCTe AIEKTPOPa3psAaHoil 00pabOTKH MpeACTaBISIeTCs] IEPCTIIEKTUBHON B
Ka4yecTBe EMKOCTHOTO MaTepraia (KOHISHCATOP) U MOTyIIPOBOTHUKA.

KiroueBble cjI0Ba: 307a YIS, 3JEKTPOCOIPOTUBIICHUE, 3IEKTPOEMKOCTD, AUAIEKTPHUIECKasi TPOHUIIAEMOCTb,
ANIEKTpopaspsiiHas 00paboTKa, MOJYMPOBOJAHUKOBAS IMPOBOAMMOCTb, METAJUIMYECKas MPOBOAWMOCTb, IIMPHHA
3aIpEIICHHON 30HbI.
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