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ELECTROPHYSICAL PROPERTIES OF CARBON
MATERIAL BASED ON COAL OF “SARYADYR” DEPOSIT

Abstract. The article presents the results of heat treatment (carbonization) of grade G coal of the «Saryadyr»
deposit («Pyatimetrovyy» layer) in the temperature range 250-550 °C at a heating rate of 10-15 °C/min and holding
at 550 °C for 1, 2 and 3 hours. As a result of carbonization, carbon materials (CM) were obtained. Using the methods
of thermogravimetric, energy dispersive X-ray spectroscopy, electron microscopy, we studied the technical,
elemental composition, and surface morphology of the obtained products. The electrophysical characteristics of the
CM were determined by measuring the electrical resistance (R), electric intensity (C), and dielectric constant (e) of
the samples in the temperature range 293-483 K. Based on the data obtained, the band gap (AE) of the samples was
calculated. The carbon material obtained at 550 ° C for 3 hours has a dielectric constant of 740 thousand at 293 K
and will increase to 1.1 billion at 453 K, i.e. up to 109 degrees to colossal values and is a very attractive material for
microelectronics, i.e. at 453 K, e CM is higher than the reference BaTiO3by about 540 thousand times.

Key words: carbon material (CM), chemical composition, electrophysical properties, electrical resistance,
electrical intensity, dielectric constant.

Introduction. Recent decades have been marked by a surge of scientific activity in the development
and study of carbon materials (CM). This is reflected in the targeted synthesis of allotropic forms of
carbon (carbohydrates, fullerenes, nanotubes, compasses, etc.), as well as in the creation of a wide range
of porous materials in a series of mixed (transitional) forms of carbon, which are of practical interest as
adsorbents, catalysts, and carriers for catalysts, substrates in new generation current sources (lithium-ion
batteries, supercapacitors, ionistors and fuel cells) etc. [1-7].

Promising devices for the accumulation and storage of electrical energy, combining both high energy
intensity and relatively high output power, are supercapacitors (SC) and capacitive deionization systems
capable of reversibly accumulating charge on the surface of electrode material [8-11]. In [12-14], based on
the porous - carbon material of carbon nanotubes, the production of materials with pore sizes up to
angstroms for flexible and printing devices with a short response time, as well as nanoparticles of
transition metal oxides and nitrides for pseudo-capacitors, which are the latest achievements, was
developed and organized in the field of supercapacitors. Natural materials, such as coconut shells, wood,
resins, coals, or synthetic materials, such as polymers, are commonly used as precursors. Carbon materials
used in capacitors are usually pretreated to remove moisture and most of the functional groups present on
the carbon surface to increase stability during cycling, since they can cause wilting of the capacitance and
aging ofthe capacitor [15].

Electrophysical properties is as the main indicator of the carbon material used in electrothermal
processes [16], as well as for the manufacture of superconducting materials, capacitors and fuel cells from
them. The aim of this work is to study the electrophysical properties of a carbon material based on coal
from the Saryadyr deposit (Pyatimetrovyy layer) (Kazakhstan). Coal belongs to high-ash, gas grade "G".
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Research methodology. Samples of carbon material were obtained at the “Institute of Coal
Chemistry and Technology” LLP (Nur-Sultan) by heat treatment in a tube furnace in the temperature range
0f250-550 °C at a heating rate of 10-15 °C/min and holding at 550 °C for 1, 2 and 3 hours.

The elemental composition, structure, and dimensionality of the samples were studied by energy
dispersive X-ray spectroscopy on an SEM instrument (Quanta 3D 200i) with an attachment for energy
dispersive analysis from EDAX. The energy ofthe exciting electron beam in the analysis was 15 keV.

The heat of combustion of coal and the resulting products was determined by the calorimetric method
on the device "Calorimeter VOBMA K"

Results and its discussion. The results ofthe elemental analysis, presented in table 1, show that after
heat treatment of coal, most of the heteroatoms (oxygen, hydrogen, sulfur, nitrogen) are removed in the
form of gaseous products. Accordingly, the carbon concentration decreases from 82.98 to 67.80 wt. % and
the structure of flat aromatic rings developing, uniting into basic structural units or elementary graphite
crystallites, develops.

Table 1- The chemical composition of the carbon material from coal of the «Saryadyr» deposit («Pyatimetrovyy» layer)

Content
Indicators Initial coal CM, CM, CM,
1 hour exposure 2 hours exposure 3 hours exposure

Humidity, Wa % 1.68 1.36 164 2.24
Ash content, Ad % 37.33 23.72 26.13 27.92
Volatility, Vdf, % 26.35 1411 10.57 8.48
Sulfur per working mass, ScHf, % 0.59 0.32 0.27 0.28
Carbon content, CcH, % 82.98 67.97 68.17 67.80
Hydrogen content, Hdf, % 5.59 3.07 178 0.68
Oxygen content, Ockf, % 7.88 3.58 2.45 2.09
Nitrogen content, Nd % 1.38 134 1.20 123
Aluminum content, Al, % 2.30 1.90 212 2.36
Silicon content, Si, % 5.48 4.50 4.12 4.03
Calorific value, Q, kcal/kg 5215 6271 5987 5689

The data from table 1show that a noticeable effect ofthe exposure time of coal during heat treatment
affects the calorific value ofthe obtained product [17]. At the shortesttime (t = 1 hour), the calorific value
is the highest and amounts to 6271 kcal/kg, which significantly exceeds the same parameter of the initial
coal (5215 kcal/kg). With a further increase in the exposure time, this parameter decreases.

Figures 1-2 show micrographs of samples ofthe initial coal and carbon materials (with an increase of
5,000 and 50,000 times).

When analyzing the surface morphology of the samples, it was found that the cleaved surface is
represented by heterogeneity of the structure and has dense formations with strong agglomerates. Despite
the presence of an increased content of the mineral component, the structure is characterized by flocculent
inclusions in the carbon matrix; it is also seen that there are elevations and depressions on the surface. This
is due to the heterogeneity ofthe composition and the natural origin of coal.

The results of the analysis of micrographs show that after heat treatment the surface structure changes
with smaller particle sizes (up to ~ 170 nm). In CM products, crystallites are arranged irregularly, the gaps
between them are filled (or blocked) with amorphous carbon, which is formed upon decomposition of
resinous substances. As a result of carbonization, volatile (moisture and partially resin) substances are
released from raw materials. At the same time, primary macroporous structures with a diameter of 2 to
30 microns are formed in it.

Figure 1- Electron microscopic images of the Initial coal of the “Saryadyr deposit”
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c)
Figure 2 - Electron-microscopic images of CM from coal of the Saryadyr deposit:
a) 1hour exposure, b) 2 hours exposure, ¢) 3 hours exposure

An analysis of micrographs (figure 2) at various magnifications indicates that the surface of the
CM is represented by an inhomogeneous structure with local clusters of cluster-like (dendritic) and
isometric shapes, overlays (secondary textures) are interspersed and streaked. The figures show that finely
dispersed carbon nanoparticles with diameters from -100 to 700 nm were formed on the surface of the
sample, this may be due to the fact that, as a result of carbonization, the reactive radicals forming interact
with each other with the formation of new substances. The most likely cause of the appearance of
nanoparticles on the surface layer is synthesis from the gas phase. The nucleation and growth of ordered
carbon during the heat treatment of coal can occur through self-organization of carbon nanoparticles
without the participation of the mesophase. Measurements of the electrophysical properties were carried
out according to the procedures [18,19].

The study of electrophysical properties (dielectric constant and electrical resistance) was carried out
by measuring the electric capacity of the samples on a LCR-800 serial device (Taiwan) at an operating
frequency of 1 kHz continuously in dry air in thermostatic mode with a holding time at each fixed
temperature.

Plane-parallel samples were preliminarily made in the form of disks with a diameter of 10 mm and a
thickness of 5-6 mm with a binder additive (-1.5%). Pressing was carried out under a pressure of
20 kg / cm2. The resulting disks were fired in a silica furnace at 200 °C for 6 hours. Next, they were
thoroughly double-sided grinding.

The dielectric constant was determined from the electric capacity of the sample at known values of
the thickness of the sample and the surface area of the electrodes. To obtain the relationship between the
electric induction D and the electric field E was used a Sawyer-Tower circuit. Visual observation of the
D (E-hysteresis loop) was carried out on a C1-83 oscilloscope with a voltage divider consisting of a
resistance of 6 mOhm and 700 kOhm, and a reference capacitor of 0.15 ~F. The frequency of the
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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 oftemperature change is ~5 K / min. The value ofthe dielectric constant at each temperature was
determined by the formula: s = C/CO, where COis the capacitance of the capacitor without the test
substance (air).

Below are the results of measurements of the electrophysical characteristics of carbon materials from
coal ofthe Saryadyr deposit.

Table 2 - Electrical properties of CM based on Saryadyr coal (Pyatimetrovyy layer)
(¢ = Lhour) (C - capacity, R - electrical resistance, e - dielectric constant)

T, K C,nF R, Ohm S lgs IgR
293 0.24402 2220000 1335 3.13 6.35
303 0.26692 2101000 1460 3.16 6.32
313 0.33632 1860000 1840 3.26 6.27
323 0.43216 1622000 2364 3.37 6.21
333 0.48451 1535000 2650 342 6.19
343 0.50585 1508000 2767 3.44 6.18
353 0.51147 1483000 2798 345 6.17
363 0.50135 1489000 2742 344 6.17
373 0.53663 1458000 2935 3.47 6.16
383 0.61584 1315000 3369 3.53 6.12
393 1.0248 1025000 5605 3.75 6.01
403 1.8592 716400 10169 401 5.86
413 3.3245 504000 18184 4.26 5.70
423 4.7521 387200 25993 441 5.59
433 6.5738 317000 35957 4.56 5.50
443 8.5247 276200 46628 4.67 5.44
453 11.202 245900 61273 4.79 5.39
463 13.877 230500 75904 4.88 5.36
473 17.703 219700 96837 4.99 534
483 21.427 211300 117201 5.07 5.32

CM obtained at 550 °C for 1 hour, in the entire studied temperature range exhibits semiconductor
conductivity. The dielectric constant at the indicated AT is also low.
The calculation ofthe band gap was determined by the formula 1

nr 2KTJr2 Rj
AE = — lg—,
043(T-T) R

)

where k - is the Boltzmann constant; for calculating AE, itis 8.6173303-105eV K -1
The calculation of AE was performed in the range 293-483 K. At a temperature of 293 K, the
electrical resistance is 6.35, and at 483 K, log R = 3.32.

_2x0,000086173 x293 X483I 6.35_ 24.3902

g = x1.1936 = 0.36eV
0.43(483 - 293) 532 817

This carbon material can be attributed to narrow-gap semiconductors.

Table 3 presents the dependence of electrical resistance (R), electric capacity (C) and dielectric
constant (e) on temperature (CM based on Saryadyr coal (Pyatimetrovyy layer) (« = 2 hours).

As can be seen from the data in the table, a CM with up to 383 K exhibits a low dielectric constant,
then at 463 K it exhibits a relatively high dielectric constant (1.89 million). In the temperature range under
study, the CM exhibits semiconductor conductivity; there are small temperature jumps at 333-373 K,
which can be neglected. Calculation ofthe band gap, at T = 293 K, log R = 6.62; T = 483 K, log R = 4.85.

AL - 2X0.000086173x293x 483 6.62_ 24,3902
0.43(483 - 293) 485 817

xjn.?:brﬂgy: 0.4leV
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Table 3- Electrical properties of CM based on Saryadyr coal (Pyatimetrovyy layer) («= 2 hours)
(C - capacity, R - electrical resistance, e - dielectric constant)

T K C,nF R, Ohm e Ige IgR
293 0.05706 4160000 452 2.65 6.62
303 0.03489 4512000 276 2.44 6.65
313 0.03116 4173000 247 2.39 6.62
323 0.0299 4417000 237 2.37 6.65
333 0.02452 4645000 194 2.29 6.67
343 0.02557 4403000 202 231 6.64
353 0.05134 3217000 406 261 6.51
363 0.07499 3481000 594 2.77 6.54
373 0.04192 4031000 332 2.52 6.61
383 1.0483 730600 8299 3.92 5.86
393 6.2496 342500 49477 4.69 553
403 11.135 255300 88154 4.95 541
413 19.302 195500 152810 5.18 5.29
423 32.592 162100 258024 5.41 521
433 69.704 111500 551833 574 5.05
443 113.14 86600 895707 5.95 4,94
453 194.56 70440 1540293 6.19 4.85
463 239.31 65340 1894570 6.28 4.82
473 60.347 104200 477755 5.68 5.02
483 133.0 71250 1052935 6.02 4.85

This CM can also be attributed to narrow-gap semiconductors. Figures 3 and 4 below show the
temperature dependence ofthe samples in the range 293-483 K.

a) b)

Figure 3 - Temperature dependence of CM based on coal from the Saryadyr deposit
(e = Lhour) in the range 293-483 K: a) dielectric constant; b) electrical resistance

a) b)

Figure 4 - Temperature dependence of CM based on coal from the Saryadyr deposit
(¢ =2 hours) in the range 293-483 K: a) dielectric constant; b) electrical resistance

Table 4 below shows the results of measuring the electrophysical characteristics of CM based on coal
from the Saryadyr deposit, at a holding temperature of 3 hours.
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Table 4 - Electrical properties of CM based on Saryadyr (Pyatimetrovyy layer)
() = 3hours) (C - capacity, R - electrical resistance, s - dielectric constant)

TK C,nF R, Ohm e Ige IgR
293 65.899 148600 739879 5.87 5.17
303 15.198 234800 170635 523 5.37
313 217.17 42510 2438268 6.39 4.63
323 1927.1 15120 21636446 7.34 418
333 2529.8 11450 28403239 7.45 4.06
i3 3630.1 8885 40756817 7.61 3.95
353 4884.2 7061 54837180 7.74 3.85
363 6286.9 5780 70585944 7.85 3.76
373 8504.2 4963 95480600 7.98 3.70
383 11653 3991 130833639 8.12 3.60
393 15050 3385 168973335 8.23 353
403 22778 2764 255739177 841 344
413 31371 2290 352216776 855 3.36
423 44725 1833 502148332 8.70 3.26
433 61763 1469 693441866 8.84 317
443 77146 1212 866153946 8.94 3.08
453 97302 1103 1092454712 9.04 3.04
463 2156.9 20030 24216517 7.38 4.30
473 13834 23290 15532074 7.19 4.37
483 2454.3 18670 27555565 7.44 4.27

As can be seen from the data obtained, the CM in the interval 293-453 K exhibits semiconductor
properties, at AT = 453-473 K - metal and at AT = 473-483 K -the semiconductor nature of conductivity.

Figure 5 below shows the temperature dependence of the CM Saryadyr (Pyatimetrovyy layer)
(t = 3 hours) in the range 293-453 K.

The calculation of AE was performed in the range of 293-453 K. At a temperature of 293 K, the
electrical resistance is 5.17, and at 453 K, log R = 3.04.

_2X0,000086173X293X453l 5.17  22.8753

AE g
0.43(453 - 293) 3.04 68.8

x 1.7007 = 0.57eV

a) b)
Figure 5- Temperature dependence of UM based on coal from the Saryadyr deposit
(« = 3hours) in the range 293-483 K: a) dielectric constant; b) electrical resistance

The obtained carbon material in the range 293-453 K exhibits semiconductor conductivity
characteristic of narrow-gap semiconductors. This CM have large values of dielectric constant, which
from 740 thousand at 293 K reaches up to 1.1 billion at 453 K, i.e. up to 109 degrees to a colossal value
and is very attractive as a promising material for microelectronics, i.e. at 453 K, s of CM exceeds the
reference BaTiO3by about 540 thousand times.
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This is explained by a phase transition and the formation of carbon nanoparticles ranging in size from
100-700 nm on the surface of the sample, which is evidenced by electron microscopic images (3 hours
exposure) (figure 2).

Conclusion. Thus, a chemical analysis of carbon materials from coal from the Saryadyr deposit
(Pyatimetrovy layer) was carried out in the work. In the temperature range 293-483 K, their
electrophysical characteristics C, R, s were determined. The analysis showed that the obtained carbon
material from Saryadyr coal is promising as a capacitive material, fuel cell and semiconductor, as well as
for the manufacture of electrodes.
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No. IRN BR05236359 “Scientific and technological support for coal processing and production of high-
value coal products” and project No. IRN AP05130707 on the theme “Development of technology and
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Science ofthe Republic of Kazakhstan.
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'«KeMip XMMUSICbI YK3HE TEXHOMOr WS MHCTUTYTbI» XKLLIC, Hyp-CynTaH, “a3akcTaH;
2)K. AbuLLeBa aTbIHAArbl XMMUKO-MET/ITYPIUSIbLL MHCTUTYTHI, KaparaHgpl, ~a3akcTaH;
XHauuoHanbHbIA nccneaoBaTenbCKuiA TOMCKMIA NOMUTEXHUYECKIA YHBEPCUTET», TOMCK, Poccus

«CAPBIAAbIP» KEH OPHbIHbL, KOM1P1 APLbI/1bl ANTBIHT AH
KOM1PTEKT1 MATEPUANALIH 3NTEKTPO®PUN3INKATbILW, LACUETTEP1

AHHOTauua. Makanaga «Capblagblp» («MSTUMETPOBLIV» KabaTbl) KeH OpHbiHAATbl [T MapKanbl Kemipgi 250-550 °C
Temnepatypaga 10-15 °C/MuH xangamiplikta >aHe 550 °C-Ta 1, 2 »3He 3 caTtaT Kenemiuge TepmusibiK eugeyary, (kap6oHu-
3auR) HaTUXenepi kenTipinreH. KapboHusauma HaTWxeciHae KeTpTekn mateprangap (KM) anbiHabl. TepMorpaBUMETPUSILDK;,
3HeproAucnepcuabIK PEHTrEHAIK CNEKTPOCKONWS, 3M1EKTPOHbI MUKPOCKONWA SAI0TEPLL KOMJaHa OTbIPbIM, aibiHTaH eHiMHLL,
TEXHUKbIK, 3/IEMEHTTIK Kypambl MeH 6eTTX mopdonoruscel 3epttendi. KM-gbll, 3n1eKTpodmsmKanbik cunattamaiapbl
293-483 K Temneparypa [Avana3oHbliHAATbl YArifepaw, anekTp/mk kegepriciH (R), anekTp cCbibiMabinbTel (C) >KaHe
[AVISNEKTPUKTXK ETKISFILWTIrH (S) eNlley apKbiibl aHbIKTasgbl. AbIHTaH MaiMeTTep Henswde YArwepAw, TbiibIM Ca/bIHTaH
aimak e T (AE) ecenteniHgi. 3 catar wiwae 550 °C TemMnepaTypaga anblHTaH KemipTeri matepuan Y/KeH AV3NneKTpniK TepaKTbl
M3Hre e, OHbIL, M3HI 293 K-ae 740 MblHHaH 453 K ke3wge 1,1 MnpA.-Ka feliH xeTegi, aTHU 109 eiiHri YNIKeH M3Hre 1e XaHe
MMKPO3/IEKTPOHMKA YLLILLI NEPCMeKTUBTI MaTepuan 60/bin Tabbinagpl, ATHY 453 K Ke3wae AM3NeKTPUMK eTKI3MLWTIr S 3Ta/loH
BaTiO3-TeH wWamamMeH 540 MblL, ece acaabl. YArinepaiH aNeMeHTTIK Kypambl, KypbUibiMbl Xx3He enlemi SEM (Quanta 3D 200i)
KypasiblHAa 3Heprus aucnepcnsnbik Tangay EDAX TeMenMeH 3HeprusfibiK UCNEPCUASBIK PEHTTEHDK CMEKTPOCKONUSA TeMen-
MeH 3epTTengi. Tangayaatbl 3MeKTPOHAb! C3Y/EHIH aHeprusckl 15 KaB. IneMeHTTK Tangay HITUxenepi Kemipai TepMusibiK
eHfeyaeH KeliiH reTepoatomaapabll, ken 6eniri (oTTeri, cyTeri, KYKIpT, a30T) ra3 Tapisgi eHimaep TyprHae 6eniHedi. TiucLuwe,
KemipTeri KoHUeHTpauyscel 82,98-aeH 67.80 mac. %-Ta [eiliH TemeHfelai XaHe KapanalibiM KypbUibIMAbIK 610KTapTa Hemece
KapanalibiM rpacmT KpucTanMTTepLUe GipiKTipinreH apomatThbl CaK/HaIapAbIL, KypbUibiMbl JaMuabl. MUKpocypeTTepai Tangay
HATVDKeNepi TepMOeHAEYAeH KeliH GeTTK KypblibIMbIHAA Killi Genwektep (~ 170 HM AeiiH) naiiga G0nTaHbIH KepceTefi.
KM eHimMgepiHOe KpUCTanMTTep TypaKTbl eMec OpHasiacafbl, Ofapibll, apacbHAaTbl caubliaynap Laibipabl 3aTTapfbil
blgblpaybl Ke3wge naiiga 6onatbiH amopdThl KeMipTeriMeH TOATbIPbUTTaH. KapboHM3aums HITWDKECIHAE YTDHGITT 3aTTap
LUMKi3aTTaH 6eniHin, avameTpi 2-geH 30 MKM-re feiiHri GacTankbl Makponop/bl KypblibiMaap navga 6omadbl. SNeKTpmk
KacmeTTepfi (aneKTp eTKIi3rillTiK neH anekTp Keaeprici) 3epTrey LCR-800 cepuisinbl KOHABIPTLICbIHAATBI (TaliBaHb) YArinepaiH
3NEKTP CbIMbIMABILITLIH 1 KL, TYpaKTbl XXMLLKTEN KypTak ayafa TepMOCTaTVKa/bIK peXmMMae ap 6enrileHreH TemnepaTtypaja
ycTan Typy yakbITbIMeH enilley apkbiibl XKYprisingi. 550 OC Temnepatypaga 1 catatTa anbiHTaH KM, 3epTTe/reH Temneparypa
[ManasoHbIHAA HKapTbllail eTKisriwTik kacueT kepceTefi. KepceTinreH AT AMANEKTP/DK KOHCTaHTaHbIL, M3Hi e TeMeH.
Byn KeMipTeKTi MaTepuanabl Tap aliMaKTbl XapTbinali eTKi3riluTepre »alpiyTa 6omagpl. 550 OC Temneparypaga 2 carar iLliHge
383 K pelwH anbiHTaH KM TeMeH An3neKTp/mK TypakTsl, an 463 K keswe canbicTbipMasibl TYPE oTapbl AV3NEKTP/IK TYpaKTbl
(1,89 MnH) KepceTedi. 3epTTenLl XaTkaH TeMnepaTypa AvanasoHbiHaa KM >kapTbinaii eTKisriwTik KaceTke ve, 333-373 K Tem-
nepaTypaga Kiwiripim aybITKynap 6aiikanagpl, onapapl eckepmeyre 6onagpl. T =293 K, IgR =6.62 T =483 K, IgR = 4.85 ke3w-
[ TbiibIM Ca/lbIHTaH aliMak el ecentenrsy (AE). Byn KM-abl xapTbinaii eTKisriluTepre fe »aTkbidyTa 60Magpl. 3 catar ycray
TemnepaTypacblHAa anbiHTaH 293-453 K anana3oHbIHAA XKapTblnaid eTKi3riwTik KacueTTepi 6ap, AT = 453-473 K - mMeTanngbIK
3He AT = 473-483 K KesLwuge - »apTbinali eTKisriwTik. AE ecentey 293-453 K apanbiTbiHga XKYprisingi, 293 K Temnepatypaga
anektp kegepnc 517, an 453 K temnepatypaga R = 3.04. AnbiHTaH Temlpten matepuangap 293-453 K gvanasoHbiHAa
YKapTblnai eTKIi3riluTikke ne. Byn KM auaneKTp/mK eTKI3rilTiK M3l eTe xoTapbl, onap 293 K-ge 740 MblHHaH 453 K 1,1 mun-
nvapaam xeTtear ATHU 109 fapexeciue AellHN Y/IKeH M3HTe Ue dX3He MUKPO3NEKTPOHMKA YLLULL NepcrnekTBa mMatepuan 60bin
Tabbliaabl. MyHbl (hasaHbll, aybiCybIMeH >xaHe Y/riHW, OeTwge menwepi 100-700 HM-re AeilH 6onaTbiH  KeMipTekTi
HaHo6enwekTepaiH TY3inyiveH TYCiHaipineai, SNeKTPOHAbI MUKPOCKOMUANbIK CypeTTepMeH asnendeHedi. COHbIMEH, XyMbIC
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6apbicbiHaa «Capblafblp» KeH opHbl KelVipiHeH («MsTMMeTpoBbI» KaTnapbl) anbiHTaH KeMipTeKTi MaTepuanta XMMUsNbIK Tanaay
Xypn3war 293-483 K TemnepatypanibIk AvanasoHfa onapablL 3NeKTpoduanKanbk cunattamManapsl C, R, e aHbikTangpl. Tangay
HaTWkeci Capblagblp KeMIpiHEH aNbiHTaH KeMIpTeKTi MaTepuan CbiibIMAbUIbIK MaTepuas peTilie, OTbIH 3M1eMEHTI dX3He
KapTbinaii eTKI3rill PeTLLAe, COHAat-aK aM1eKTPOATAP eHAIPICH YLLIH NEpCreKTUBTI MaTepra eKeLH KepCeTTi.

TYViH ce3gep: KemipTekTi Matepuan (KM), XMMUANBIK K pambl, 37EKTPOGM3VKaIbIK KacueTTep, 3neKTpKeaepri,
3NeKTPCbIAbIMABIbIK, AU3NEKTPUKTIK ETKI3MILLTIK.

M. K. KaszaHkanoBal, b. T. Epmaram6et], b. K. KaceHos2 H. ¥. Hypranues]
XK. M. KaceHoBal, E. E. KyaHbiwbekos2 A. T. Haypbizbaesal C. M. MapTeMbsiHOB3

*TOO «HCTUTYT XMUM Y5 1 TexHoorum», Hyp-CyntaH, KasaxcraH;
2XMMWKO-MeTaNNyprvecknii MHCTUTYT uM. XK Abuesa, KaparaHaa, KasaxcTaH;
3TOMCKWIA NOAUTEXHUYECKIIA HALWIOHANBHBIA MCCNeA0BaTeNbCKNA YHUBEPCUTET», TOMCK, Poccus

ANEKTPODUINYECKWE CBOVICTBA YIJIEPOAHOIO MATEPUASIA
HA OCHOBE YT 1A MECTOPOXXAOEHNA «CAPbIAObIP»

AHHOTauus. B craTbe npuBeseHbl pesybTaTbl TEPMUYECKOA 06paboTKM (KapboHM3aLmm) yras Mapku [T MecTopoxaeHus
«Capblagblp» (NnacT «IMaTMMeTPOBLIN») B HTepBasne Temnepatyp 250-550 oC npum ckopocTu Harpesa 10-15 dC/MuH 1 C Bbigep-
KKOV npy 550 dC B TeyeHue 1, 2 1 3 4acoB. B pesynbTaTe kapboHM3aLMKM NosyYeHbl YraepoaHble Matepuansl (YM). MeTogamm
TEPMOrpaBYMETPUYECKOTO, 3HEPrOAWCIIEPCUOHHON PEHTIEHOBCKOM CMEKTPOCKOMWUW, 3/IEKTPOHHOW MUKPOCKOMUM  U3YYeHbl
TEXHWUYECKWIA, 3MEMEHTHBIA COCTaB, MOP(IOMOrMA MOBEPXHOCTU MOMyYeHHbIX MPOAYKTOB. OnpefeneHbl 3neKTpodm3nNyecKme
XapakTepucTuk YM nyTeM v3MepeHus anekTpoconpotusneHns (R), anekTpoeMkocTy (C) 1 AW3NeKTPUYECKO NPOHNLIAEMOCTH
(e) obpasuos B MHTepBasie TemnepaTyp 293-483 K. Ha 0CHOBaHWM MOMYyYeHHbIX AaHHbLIX pacCcuMTaHbl LUMPUHA 3anpeLLeHHO
30HbI ([1B) 06pa3uoB. YrepoaHbIi MaTepuan, Noy4YeHHbIR npy 550 aC B TeveHre 3 yYacoB, 06/1a4aeT 6OMbLUMMM 3HAYEHNAMM
[V3NEKTPUYECKON NPOHMLLaeMocTy, koTopas oT 740 Thic. npu 293 K gocturaet o 1.1 mapg npu 453 K go 109 ctenewu Ao
KO/10CCa/TbHOTO 3HAYEHUS U AIB/IAETCA OUEHb MPUB/IEKATE/bHBIM B KAYECTBE NMEPCNEKTUBHOIO MaTepuaa 41 MUKPO3/IEKTPOHUKMN,
npw 453 K e YM npeBblwwaeT atanioHHoro BaTiO3npumepHo B 540 Thic. pas. ViccnegoBaHune 3n1eMeHTHOMO COCTaBa, CTPYKTYpbl
pasmMepHOCTV 006pa3LoB MPOBOAWIM METOAOM SHEPrOAMCMEPCUOHHON PEHTTEHOBCKOW CMEKTPOCKONMM Ha npubope SEM
(Quanta 3D 200i) ¢ Np1CTaBKO A/t 3HEProANCMEPCUOHHOIO aHanm3a 0T EDAX. 3Heprus Bo30Y>XKAAOLLEr0 MyyKa 3NeKTPOHOB
npy aHamse 6bina 15 KaB. Pe3ynbTaTbl NPOBEAEHHOTO 3/1IEMEHTHOTO aHanW3a Mokasanu, YTo 6ofbLuas YacTb reTepoaTomoB
(kvicnopog, BOAOPOA, Cepa, a3oT) YAaseTca B BUAe rasoobpasHbiX NpPoAyKToB. COOTBETCTBEHHO YMEHbBLLAETCS KOHLEHTpaLms
yrnepoga ¢ 82,98 fo 67,80 mac. % 1 pasBMBaeTCA CTPYKTYpa M/I0CKMX apoOMaTUYecKmX Kosel, 0ObeANHSHOMXCS B OCHOBHbIE
CTPYKTYpPHble €AUHMLI AN 3N1EMEHTapHbIe FPadMTOBble KPUCTa/UTLL. Pe3ynbTaTbl aHam3a MUKPOCHUMKOB MOKA3bIBAtOT, UTO
noc/ie TePMUYECKOW 06paboTKy MOBEPXHOCTHas CTPYKTypa WM3MEHSIETCS C MeHbLUMMM pasmepamMy YacTul (go —70 Hm). B
npoaykTax ¥YM KpuCTanauTbl PacrofoXeHbl HeperynspHo, MpOMEXYTKM MEXOYy HWMMW 3anosiHeHbl (MM 610KMPOBaHbI)
aMOp(HbIM YT/IEPOAOM, KOTOPbI/ 06pa3yeTcs MPY PasNoKEHNU CMOMMCTbIX BeLLECTB. Kak M3BECTHO, B pesy/ibTaTe KapboHu3aLmm
M3 CbipbS BbIOENAOTCA NleTyume (Bnara M 4YaCTUYHO CMOMbI) BellecTBa. OAHOBPEMEHHO B HeM 06pasytoTc MepBUYHble
MaKpOMopucTbIe CTPYKTYpbl AvaMeTpom OT 2 A0 30 MKM. MccriefoBaHue 3neKTPOPU3MYECKUX CBOWCTB (AM3NEKTPUHECKON
MPOHULLZEMOCTU U 3/IEKTPUYECKOrO COMPOTMB/IEHNS) NMPOBOAWIOCH MYTEM M3MEPEHUS 3EKTPOEMKOCTY 06pasLoB Ha CepuiiHOM
npubope LCR-800 npu paboueli yactoTe 1kl L, HENpepbIBHO B CYXOM BO3ZyXe B TEPMOCTATHOM PEXMME CO BPEMEHEM BblAEPKKM
MpU KaXa0i (MKCMPOBaHHOW TemnepaType. YM, nonyyeHHbIi npu 550 oC B TeyeHre 14aca, BO BCEM MCCeayeMOM VUHTepBasie
TemnepaTypbl MPOSB/ISET MOMYNPOBOAHNKOBYHO MPOBOAVMMOCTL. [ManeKTpryeckas MPOHMLAEMOCTb Takke MpU YKa3aHHOM
[OT HeBbicOKasA. [aHHbI YriepoaHblii MaTepmas MOXHO OTHECTM K Y3KO30HHbLIM MONYNPoBOAHMKaM. YM, NoydeHHbId npu
550 oC B TeueHue 2 yacos, 0 383 K MpoSBASET HU3KYIO AV3NIEKTPUYECKYHO NMPOHMLIAEMOCTb, Aanee npu 463 K oH npossnser
OTHOCWTE/bHO  BbICOKYIO [VI3NIEKTPUYECKYO MNPOHMUaeMocTb (1.89 MiH.). YM nposBnseT B WCCMefyeMOM WHTepBasie
TemnepaTypbl NOMYNPOBOAHWMKOBYHO NPOBOAVMOCTb, €CThb HeOOMbLLME CKauky TemmnepaTypbl Npy 333-373 K, KOTOPLIMU MOXKHO
npeHe6peyb. PaccunTaHa LMpyHa 3anpeLleHHon 3oHbI Npu T = 293 K, Ig R=6,62; T =483 K, Ig R=4,85. [aHHbl1 ¥YM MOXHO
Taloke OTHECTU K Y3KO30HHbIM MOMYMpOBOAHUKAM. YM, MOMyYeHHbIA Npu TemrepaType BblAepkku 3 4aca B WHTEpBa/Ie
293-453 K, nposiBnseT NonyrnpoBoAHNKOBbIE CBOMCTBa, Npu AT = 453-473 K - metanmueckyto u npu OT = 473-483 K -
MOMyNPOBOAHMKOBbIV XapakTep nposoaymocTy. PacueT JE npousseseH B MHTepBasie 293-453 K. Mpu Temnepatype 293 K anek-
TpoconpoTueneHne coctaBnseT 5.17, a npu 453 K Ig R = 3.04. MonyyeHHbIli YrnepoaHblii Matepuan B MHTepBase 293-453 K
MPOSIBASET MO/YNPOBOAHUKOBYHO MPOBOAMMOCTb, XapaKTEpPHYH) Y3KO30HHbIM MOMYNpoBOAHMKAM. [aHHbIA YM o6nagaet
6OMBLUMMM 3HAYEHNAMMN AN3NEKTPUYECKOI MPOHNLIREMOCTH, KoTopas oT 740 Tbic. npu 293 K gocturaet go 11 mnpa npu 453 K,
T.e. [0 109cTeneHn [0 KONOCCA/IbHOTO 3HAYEHWS U ABMIAETCA OYeHb MPYB/EKATeIbHbIM B KAYeCTBe MepCreKTUBHOIO Matepuasia
NS MUKPOINEKTPOHMKW. ITO 0OBACHSETCA (PA30BbIM NEPexXofoM M 06pa3oBaHMEM YIIEPOAHbIX HAHOYacTWL, pasMepoM OT
100-700 HM Ha MOBEPXHOCTW 06pa3La, O YeM CBUAETENLCTBYHOT 3/IEKTPOHHO-MUKPOCKONUYECKME CHUMKL. Takmm 06pa3oMm, B
paboTe TMpOBEAEH XUMMWYECKWA aHa/in3  YrAepofHbIX MaTepuaiioB M3 yrns  MectopoxaeHns «Capblagbip»  (nnact
«[MATUMETPOBLIN»). B uHTepBane Temnepatyp 293-483 K onpeaeneHbl MX 3neKTpodmanyeckvie xapaktepuctukn C, R, e
MpoBefeHHbIN aHaM3 MokKasasl, YTo MOMYyYeHHbIN YriepoaHbIi MaTepuan u3 CapblafbIpCKOro Yris npeacTaBseTcs nepcnek-
TWBHBIM B Ka4YECTBE EMKOCTHOIO MaTtepuasia, TOM/IMBHOIO 3/1EMEHTa 1 MOYNPOBOAHVIKA, a TaKKe /11 U3rOTOB/EHNS 3/IEKTPOAOB.

KntoueBble CnoBa: YrnepogHbiin Matepuan (YM), XUMUUECKMIA COCTaB, 3MEKTPO(M3NYECKe CBOMCTBA, 3M1EKTPOCOMPO-
TVBJIEHVIE, 3/TEKTPOEMKOCTb, AM3NEKTPUYECKas NPOHNLAEMOCTb.
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