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Abstract

Purpose. The aim is to conduct experimental research into graphitization process of anthracites from the Donbass basin
using shock heating, which is characteristic of furnaces with electrothermal fluidized bed.

Methods. Graphitization was carried out in an electrothermal furnace at the heating rate of 1000 K/min and exposure time
of 10 minutes. The temperature range of the studies was 1973-2873 K. The structure of the material was studied by X-ray
diffraction and the electrical conductivity of the coal particles layer was determined using a CamScan 4DV scanning elec-
tron microscope with Link760 attachment. The changes in ash and sulfur content were determined.

Findings. It was found that with an increase in the processing temperature, the interlayer distance doo, decreased from 0.350
to 0.341 nm, the ash content decreased from 3.46 to 0.4%, and the relative electrical conductivity increased by 4 times. The
absolute value of anthracite graphitization degree significantly differed from the values characteristic of artificial graphite.
This may be due to insufficient exposure at the studied temperatures, as well as the production of a porous, insufficiently
densified coal structure during high-speed heating to 1573 K.

Originality. The principal possibility of obtaining graphitized anthracite using shock heating in furnaces with electrother-
mal fluidized bed and the possibility of assessing anthracite graphitization degree by the value of the relative conductivity of
coal particles layer are shown.

Practical implications. The practical implementation of the new technology is possible after determining the optimal pa-
rameters for graphitization of anthracites, which provide a deep structural adjustment characteristic of artificial graphites.
First of all, this concerns the preliminary heating of anthracite to the temperature of 1273-1373 K, as well as choosing the
temperature and exposure during graphitization. Determination of these parameters will allow to evaluate the technical and
economic indicators of the new technology and to adjust the design parameters of furnaces with electrothermal fluidized bed.
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1. Introduction

Coal is one of the most important energy resources,
whose share in global energy consumption is 28%, and the
share in Ukraine’s electricity generation is about 44%. That
is, coal is a resource that ensures the country’s energy securi-
ty. However, one of the main trends in the development of
the coal industry in the world is reduction in the production
and consumption of coal. This is happening due both to the
economic crisis and increased competition in the energy
market, as well as to the decarbonization of the economy and
the fulfilment of obligations to reduce greenhouse gas emis-
sions. Thus, the volume of emissions by 2050 should not
exceed 1000 Gt CO2, and this can only be realized if 88% of
the world’s proven coal reserves remain in the ground. This
applies both to the energy industry, where solar and wind
power plants are being actively commissioned, and to metal-
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lurgy developing hydrogen-free coke technologies. Pilot
projects aimed at replacing coke with hydrogen are already
being implemented in a number of European countries.

In this situation, the development of coal consumption as a
raw material resource for the chemical industry and a carbon
source for producing carbon materials and artificial graphite is
of particular importance for the coal industry. The integrated
development of the coal industry, on the one hand, ensures the
stability of its functioning, on the other hand, it allows the
production of products with added value, which will positively
affect the economic performance of the coal industry.

In recent years, markets for electric batteries have been
actively developing, consumers of which are power plants
based on renewable energy sources, electric vehicles, gadg-
ets, etc. The forecast of graphite consumption for anodes of
lithium-ion batteries will be about 1600 thousand tons per
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year by 2027 [1]. The increase in the share of electric steel
production among traditional metallurgical technologies re-
quires an increase in the production of electrode products [2]-
[4]. The development of metallurgical technologies involves
the use of a large number of carburizers — pure carbon materi-
als for carburizing steel and synthetic cast iron [5].

The most promising material for producing graphitized
products is anthracite. The issues of its heat treatment for the
purpose of graphitization have remained relevant for several
decades [4], [6]-[8]. The purpose of the present research was
to determine the influence of processing parameters (temper-
ature, processing time, composition of the gas atmosphere,
pressure) and the initial structure of the graphitized material
on the formation of the structure and properties of artificial
graphites, as well as the mechanisms and kinetics of anthra-
cite restructuring.

Industrial technology for the thermal treatment of anthra-
cite includes two stages:

— the first stage — preliminary heat treatment (calcination)
to obtain thermoanthracite. When processing in fuel furnaces
(rotary, retort), the heating is carried out to a temperature of
1173-1473 K. This is accompanied by the removal of vola-
tiles and partially sulfur, the beginning of a change in the
structure of the material and a sharp decrease in electrical

resistance. In the case of processing in an electrocalcinator,
the material is heated due to the heat of the exhaust gases to a
temperature of 1173-1473 K, and then by direct electric
heating in a dense layer to temperatures of 1873-2073 K [3].
When heated to 1873-2073 K, sulfur removal is completed
and the process of structural adjustment of the material con-
tinues, its density increases, while the electrical resistance of
the material changes slightly.

— the second stage — graphitization process at temperatures
up to 3273 K in the Acheson furnace, Castner furnace or LWG
furnace. Final processing at high temperatures is characterized
by a decrease in the ash content and electrical conductivity of
the material, by ordering its structure, approaching that of a
natural graphite [9]. The duration of anthracite treatment at all
stages is from an hour to several dozens of hours, including the
time of heating the material to the exposure temperature. The
choice of heat treatment modes in the study of anthracite
graphitization corresponded to practical modes.

Table 1 are the heat treatment modes used to study the
graphitization processes of anthracites from various deposits [6],
[10]-[19]. Analysis of these modes shows that the heating rates
in the experiments were 2-10 K/min, and the exposure time was
60-240 min. In [10], [11], the exposure time was lower, but the
low heating rate of the material, in fact, leveled this indicator.

Table 1. Anthracite graphitization modes used in the research

Material Calcination Graphitization References
t, K 7, min V, K/min t, K 7, min  V, K/min Gas

Anthracite of the Gorlovsky basin - - - 1473-2273 0-240 - - [10]
ﬁg;r;rk:f;:snof the Nazarailok deposit, B 3 3 up to 1473 120 5 3 [12]
Low metamorphosed anthracites, nitro-
samples from particles 0.03-2.5 mm 1273 240 1.7 1473-2773 180 5 [6]
with a binder from coal tar pitch gen
Donbass anthracite - — — up to 2273 0-240 10 argon [11]
Taixi anthracite, China, sample 2x1 cm - — — up to 3273 180 10 argon [13]
AF Anthracite from Villablino, Spain 1273 60 2 2273-3073  60-240 10 argon [14]
Taixi anthracite, China, sample 2-3 cm - — — 2273-3273 180 10 argon [15]
Taixi anthracite, China,
after grinding in a ball mill - - - 1673-3073 180 25 argon [16]
PSOC1515 semi-anthracite and DECS21
anthracite, Pennsylvania, USA, 250 um 1693 60 4 3273 1440 - argon [17]
samples, chemical demineralization
%r(])thracite from Pennsylvania, USA, B 3 3 2973-2873 60 10 argon [8]
-60 mesh samples
AF and ATO Anthracite from
Villablino, Spain, 200 um samples 1213 %0 2 %m0 &0 10 - [18]
Anthracite grade A according to ISO
11760 from Douro basin, Portugal,
and Alto Chicama, Peru, grade C 1273 60 2 1773-2773 60 10 argon [19]

anthracite from Pefarroya
Belmez-Espiel basin, Spain

In contrast to traditional graphitization process in Ache-
son or Castner furnaces, heat treatment in furnaces with
electrothermal fluidized bed (EFB) provides fast heating of
carbon materials and does not require pressing the workpiece
using pitch and other binders [20]-[22]. Studies of the ther-
mal treatment of oil coke in furnaces with electrothermal
fluidized bed [22] showed that the influence of the heating
rate affects the formation of the material structure during the
first stage of heating associated with the release of volatiles.
In these experiments, the formation of a closed porous struc-
ture was observed. In this case, XRD showed that the degree
of graphitization, according to [23], for cokes of different
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initial structures was g = 72-86%. However, the authors do
not indicate the temperature of the treatment and the duration
of exposure. At the same time, it is known that the heat treat-
ment process in EFB furnaces does not exceed 30 minutes,
and the average temperature of the layer is 2773-3273 K.

Thus, the heating rate and the short exposure time are
factors which significantly affect the results of the graphitiza-
tion process. This effect on anthracites graphitization has
been insufficiently studied. The present article aims to ana-
lyze the above issue, which, in our opinion, will allow to
approach the development of technology for the thermal
treatment of anthracite in electro-fluidized bed.
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2. Experiment

2.1. Materials and graphitization process

In the experiment, we used Donbass anthracite with the
ash content of 6.61%. The sulfur content was 1.27%. XRD
pattern of the initial anthracite showed the presence of a
turbostratic structure (Fig. 1). Material with particle sizes less
than 0.5-2.0 mm was studied.
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Figure 1. XRD of original anthracite

Thermal treatment of anthracite was carried out in a
special electrothermal furnace, allowing heating at a high
speed close to the heating rate in EFB furnaces [24]. 15-20 g
of the original material was placed in the cavity of the heater
(Fig. 2) to be heated to a temperature of 573-673 K at a speed
of about 100 K/min to remove moisture.

Further, heating was carried out to predetermined
temperatures of 1973, 2273, 2573 and 2873 K at a speed of
about 1000 K/min. The exposure time at these
temperatures was 10 minutes. Processing was carried out
in argon atmosphere.
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Figure 2. Scheme of a laboratory electrothermal furnace:
1 -heater; 2 -current leads; 3-thermal insulation;
4 —inert gas supply
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2.2. Analysis and testing

XRD spectra were obtained on a DRON-3M diffractome-
ter equipped with a computer system for fixing the diffrac-
tion pattern and a graphite monochromator. The power pa-
rameters of the x-ray tube with a copper anode were 20 mA
and 30 kV. Scanning of samples was carried out in incre-
ments of 0.05 degrees. with exposure at each point for 4 s.
Ash content and sulfur content were determined using a Cam-
Scan 4DV scanning electron microscope with Link760 at-
tachment. The electrical resistance of the powder material after
heat treatment was determined on a stand according to GOST
4668-75 with axial compression of the sample 9.6 MPa.

Changes in the structure of anthracite during graphitization
were assessed by the value of interlayer spacing doo2 calculated
according to the Wulff-Bragg’s law and the crystallite sizes L
calculated by the 002 reflection and the Scherrer equation with
a value of k = 0.9. In addition to this, an indirect characteristic
of the change in the structure of the material is the dependence
of its electrical conductivity; this approach was successfully
demonstrated in [25]. Studies of the electrical conductivity of a
dispersed carbon material [3]-[5], [26] show that its specific
electrical conductivity © is determined by several factors: the
size of particles in the layer, the pressure compressing them,
the electrical conductivity of the particle material Qo. It is the
latter indicator that can indirectly characterize the change in
the structure of the graphitized material. The general view of
the dependence of electrical conductivity has the form:

2=0-A, @)

where complex A includes the particle size distribution,
compression pressure, and other characteristics of the dis-
persed material.

Thus, to analyze the change in the structure of the particle
material, we used the relative value of the specific electrical
conductivity referred to the electrical conductivity of anthra-
cite after heat treatment at the temperatures of 1273-1473 K —
Q[ 1000. The choice of the base temperature of 1273-1473 K
is associated with the type of dependence of anthracite electri-
cal conductivity on temperature. Figure 3 shows the results of
measuring the electrical conductivity of the anthracite layer at
different temperatures and compression pressures [27], from
which it follows that when heated to 1273-1473 K, the electri-
cal conductivity increases by three orders of magnitude. With
further heating, the electrical conductivity continues to grow,
but the growth rate decreases sharply. This fact is well known
from numerous experimental works [4], [11], [28].
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Figure 3. Dependence of anthracite electrical conductivity on the
processing temperature: 1 —compression pressure 62 KPa;
2 — compression pressure 2 KPa
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3. Results and discussion

The XRD analysis — XRD curves, the interlayer spacing
dooz and the crystallite sizes L — are presented in Table 2 and
Figures 4-6. As expected, the results show that an increase in
the anthracite treatment temperature causes structural order-
ing, decrease in the interlayer spacing and an increase in
crystallite sizes. At the same time, comparison of these de-
pendences with the known experimental data (Figs. 5 and 6)
shows that an increase in the heating rate to 1000 K/min and
a decrease in the duration of exposure to 10 min negatively
affect the structural rearrangement of anthracite. Depend-
ence 6 (Fig. 5) is significantly higher than analogues, regard-
less of the initial structure of the studied anthracites and their
chemical composition. However, the value of crystallites L.
obtained in our studies is lower than the results presented in
the literature [10], [14], [18] (Fig. 6).

Table 2. The results of Donbass anthracite graphitization

Graphitization  dooz, Le, C% S % Q/_.Qlooo,_
temperature, K nm nm relative units
1973 0.350 291 96.54 0.96 1.09
2273 0.349 429 9700 0.6 1.41
2573 0.345 10.19 98.85 0.22 2.18
2873 0.341 10.19 99.60 0.02 4.00

— 2873K
— 257K
3 — 227X
g — 197K
>
2
2
=
A =
20 30 40 50 60 70
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Figure 4. XRD curves of anthracite after heat treatment at tem-
peratures of 1973, 2273, 2573 and 2873 K with exposure
of 10 min and speed of about 1000 K/min
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Figure 5. Dependences of the change in the interlayer spacing
doo2 On the treatment temperature of anthracites from

various deposits: 1 — Anthracite AF Villablino [14];
2 — Anthracite ATO [18]; 3 - Anthracite Pennsylva-
nia [8]; 4 — Anthracite Taixi [13]; 5 — anthracite of the
Donbass basin [2]; 6 —anthracite of the Gorlovsky ba-
sin [10]; 7 — experimental data (Table 2)
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Figure 6. Dependences of changes in the crystallite height L. on
the treatment temperature of anthracites from various
deposits: 1 — anthracite AF Villablino [14]; 2 — anthracite
ATO [18]; 3 -anthracite of the Gorlovsky basin [10];
4 — experimental data (Table 2)

First of all, the phenomena treated above can be explained
by the kinetics of the graphitization process, which was stud-
ied in detail for petroleum coke and pyrolytic graphite [29]-
[31]. The kinetic dependences of the decrease in the interlayer
spacing dogz On the exposure time at various processing tem-
peratures presented in these studies showed that, at a tempera-
ture of 2873 K, the graphitization process, depending on the
initial structure of the graphitized material, ranged from
40 min (petroleum coke) [30] to dozens of hours for pyrocar-
bon [29]. Thus, graphitization of anthracite in the studied
temperature range 1973-2873 K requires an increase in the
exposure time or an increase in the anthracite treatment tem-
perature to 3273 K when graphitization process is intensified.

This conclusion can also be confirmed by a change in the
ash content during anthracite processing. It is known that one
of the features of the anthracite graphitization process is the
catalytic effect of ash inclusions (Si, Al, Fe, Ti), which form
carbides during high-temperature treatment. Their decompo-
sition results in the formation of active carbon which elimi-
nates structural defects of the initial material [8], [19].
Changes in the carbon content of anthracite (Table 2) lead to
a decrease in ash content with an increase in the processing
temperature from 3.46% in the initial material to 0.4% in the
material processed at 2873 K. It is known from [20]-[22],
that increase in the processing temperature allows to reduce
the ash content of the material to 0.05% and lower. To assess
the temperature conditions for the formation and decomposi-
tion of carbides during the heat treatment of coal, the chemi-
cal composition of a multicomponent system was simulated.
The initial composition of this system corresponds to the
chemical composition of anthracite, at temperatures of
1300-3300 K and pressure p = 0.1 MPa. The simulation was
carried out using the TERRA package [23], which allows to
calculate the maximum equilibrium states and implements a
method based on the maximum entropy of the system: dS =0
and dzS < 0. The simulation results showed that the formation
of iron carbide FesC is observed at 1450 K, while at 2450 K
iron carbide in condensed form is absent in the chemical
composition of anthracite. The presence of condensed titani-
um carbide TiC can be traced from 1500 to 3000 K.

The second reason for the decrease in the efficiency of
anthracite graphitization during shock heating is the influ-
ence of the first stage of heat treatment associated with the
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removal of volatile components, increasing density and for-
mation of the coke residue structure. In industrial processes,
the speed of preliminary firing of electrode products or
graphite blocks is limited by the need to minimize the for-
mation of cracks in finished products. In experimental stud-
ies (Table 1), either preliminary firing is performed at a tem-
perature of at least 1273 K with a heating rate of 2-4 K/min,
or the initial anthracite is heated at a low speed. In this case,
pyrolytic carbon is deposited in a dense layer in the pores
and on the surface of the calcinated material. Thus, its
strength and density increases, while the porosity decreases.
It is known that low heating rates contribute to the formation
of the microporous structure of anthracite, and high heating
rates result in meso- and macro- porosity [32]. So, heating
anthracite in a fluidized bed at a rate of 1000 K/s led to dou-
bling of porosity. Similar effects were confirmed in [22]
during the rapid heating of petroleum coke in electrothermal
fluidized bed.

As an indirect estimate of the change in the material
structure during graphitization, the dependence of the relative
specific conductivity of the anthracite particle layer on the
decrease in the interlayer spacing dooz Was studied (Table 1).
Figure 7 presents the data from Table 1 and [10], which clearly
shows the correlation between the change in the interlayer
spacing and the relative electrical conductivity of the anthra-
cite layer obtained at different processing temperatures (1573-
2873 K) for Donbass and Gorlovsky anthracites, with different
exposure times (10-240 min). The graph is approximated by
an exponential dependence with a correlation coefficient
R?=10.94. Similar results were obtained by the authors of
experimental works [25], [31]. They present empirical de-
pendences that relate the increase in the electrical conductivity
of a carbon material to an increase in the crystallite size L, [31]
and a decrease in the interlayer spacing doo2 [25]. Thus, meas-
urement of the electrical conductivity of anthracite particle
layer can fairly accurately characterize the degree of anthracite
structure ordering during graphitization in fluidized bed.
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Figure 7. Dependence of the relative conductivity /21000 On the
interlayer spacing dooz for anthracites of the Donbass
and Gorlovsky deposits: 1 — anthracite of the Donbass
basin, exposure 10 min (Table 1); 2 — anthracite of the
Gorlovsky basin, exposure 60 min [10]; 3 — Gorlovsky

basin anthracite, exposure 240 min [10]

The results showed a fundamental possibility of obtaining
graphitized anthracite using shock heating in furnaces with
electrothermal fluidized bed. The use of these furnaces will
improve the uniformity of heat treatment and the quality of
thermoanthracite due to an increase in the processing tem-
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perature compared to electric calcinators. In this case, the
energy intensity of the process will remain at the same level.
This will improve the quality of the electrode products used
in steel and aluminum production.

The practical implementation of the new technology is
possible after determining the optimal parameters of anthra-
cite graphitization, which will provide a deep restructuring
characteristic of artificial graphites. First of all, this concerns
the preliminary firing of anthracite to the temperatures of
1273-1373 K, as well as the choice of temperature and expo-
sure during graphitization. The determination of these pa-
rameters will allow to evaluate the technical and economic
indicators of the new technology and to adjust the design
parameters of furnaces with electrothermal fluidized bed.

4. Conclusions

The research into graphitization of Donbass anthracite
was carried out at a heating rate close to heating in electro-
thermal fluidized bed and a short exposure time. It was found
that the dynamics of changes in the structure of coal corre-
sponds to the known dependences on the processing tem-
perature, but the absolute value of graphitization degree (the
value of the interlayer spacing doo2) is significantly higher
than that of artificial graphites. The main factors determining
the rearrangement of coal structure are:

— short exposure, which for the studied temperature range
should be at least 30-40 minutes, or the processing tempera-
ture should be increased;

— intense heating of anthracite in the temperature range
up to 1573 K leads to the formation of a porous coal struc-
ture, which prevents its compaction and impedes further
graphitization.

The research has shown that it is possible to assess the
degree of anthracite graphitization by the value of relative
electrical conductivity of a coal particles layer.
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BnuuB mokoBoro HarpiBy Ha rpagirusaniio anTpauuty Jlondacbkoro 6aceiiny

A. Cubip, M. I'youncekuii, C. ®emopos, C. I'youncekuii, T. Benencoka, B. besyrmmii

Merta. ExciepuMeHTa IbHE TOCTIIKEHHS Tpotiecy rpaditusamii anTpanutiB JJorbackkoro 6aceifHy mpu BUKOPHCTaHHI IIOKOBOTO Harpi-
BY, XapaKTEpHOTO I Iedel 3 eNeKTPOTEPMIYHUM KUIUISTYUM IapoM.

Metoauka. I'padiTusaiiiss mpoBOAKIACS B €IEKTpOTepMiuHii meui mpu mBuakocti Harpisy 1000 K/xB Ta yaci Butpumkn 10 XBHJIHH.
Temnepatypuuii miamazoH pociimkens 1973-2873 K. JlocmipkeHHST CTPYKTYpH Matepiaily IPOBOIMIOCS METOAOM PEHTTeHOrpadidHOro
aHai3y Ta BU3HAUSHHS €JIEKTPOIPOBIIHOCTI Iapy YaCTHHOK BYTULIS, 13 BUKOPHCTAHHSAM CKaHYIOUOTO eJeKTPOHHOro Mikpockona CamScan
4DV 3 npucraskoro Link760. Bu3HaueHo 3MiHM 30JIbHOCTI i BMICTY CIpKH.

Pe3yabraTu. BeranosneHo, mio 3i 301IbIIEHHSIM TeMIepaTypi 00poOku MikinapoBa BifacTadb Jooz 3mermmunacs 3 0.350 no 0.341 um, 30-
TbHICTB 3MeHImacs 3 3.46 1o 0.40%, BiTHOCHA eleKTPONPOBIAHICTS 3pocia B 4 pa3u. AGCONIOTHE 3HAUSHHS CTyHeHs rpaditarii aHTpammTa
3HAYHO BiJPI3HIIOCS BiJl 3HAYECHB, XapaKTEPHUX I MTYy4HOro rpadity. OmHak abCOMOTHE 3HAYEHHS CTyNeHs rpadiTamii aHTpauTy 3HAYHO
BIJIPI3HAUIOCS BiJl 3HAUEHb, XapaKTEePHUX Ui MTy4HOTo Tpadity. Lle Moke OyTH MOB’s3aHO 3 HEIOCTATHHOI BUTPUMKOIO MPHU JOCIHIIKESHUX
TeMIepaTypax, a TAKOX OTPHMaHHSIM MOPUCTOI, HEJOCTAaTHBO YIIITFHEHOT CTPYKTYPH BYTLJLIS MPH MIBUIKICHOMY HarpiBaHHi 10 1573 K.

HaykoBa HoBu3Ha. [Toka3aHi MPUHIUIIOBAa MOXKIIUBICTh OTPUMAaHHs TPpadiTi30BaHOTO aHTPALMTY 3 BUKOPHUCTAHHSAM HIOKOBOTO HAarpiBy B
neyax 3 eNEKTPOTEPMIUHMM KHUIUITYMM IIapOM i MOXKJIMBICTH OL[HKH CTyNeHs rpaditaiii aHTpaluTiB 3a BEJIMYMHOIO BiIHOCHOI MUTOMOT
€JIEKTPOIIPOBIJHOCTI LIapy YaCTUHOK BYTLILIS.

MpakTnyna 3HaYUMicTh. [IpakTH4HA pearizalis HOBOT TEXHOJIOT1i MOXKITUBA ITICIIsl BU3HAYCHHS ONTHMAIIFHUX ITapaMeTpiB rpaditu3anii
AHTPAIHNTIB, IO 3a0e3MeuyIoTh IMTHOO0KY NepeOynoBy CTPYKTYpH, XapaKTepHy I ITyYHHUX rpaditiB. B mepmry gepry me crocyeTses more-
pEeIHBOTO BHUIANY aHTpaluTy 10 Temneparypu 1273-1373 K, a takox BHOOpY TeMIlepaTypH i BUTPUMKH TpH rpadiTamnii. BusHaueHHS 1ux
TapaMeTpiB JJO3BOJUTH OLIHUTH TEXHIKO-€KOHOMIYHI ITOKa3HMKH HOBOi TEXHOJOTII Ta CKOpEeryBaTH KOHCTPYKTHBHI IapaMeTpH mnedeil 3
SJIEKTPOTEPMIUHIM KHUIULSTYUM IIApOM.

Knwwuosi cnosa: epapimusayis, anmpayum, woko8uil HASPI8, eNeKMPOMEPMIUHUL KUNIAAYUL wap, PEeHmMeeHoSpapiunull ananis,
eneKmponposionicmo

Bansinue m0koBoro Harpesa Ha rpadguTH3anuio anrpanuta Jlon6acckoro 6acceiina

A. Cubupsp, M. I'younckuii, C. ®enopos, C. I'younckwii, T. Brenenckas, B. be3yrmbiit

]_[e.m,. 3KcnepHMeHTaanoe HUCCIICAOBAaHUC ITpoLecca Fpa(i)I/ITI/I3aHI/II/I AHTpaluTOB HOH6aCCKOFO Oacceiina IIpU UCIIOJIB30BaHUHU HIOKOBO-
T'O HarpeBa, XxapakTe€pHOIro Ajis reuen ¢ QJIEKTPOTCPMUYCCKUM KUIISIIIUM CJIIOEM.
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A. Sybir, M. Hubynskyi, S. Fedorov, S. Hubynskyi, T. Vvedenska, V. Bezuglyi. (2020). Mining of Mineral Deposits, 14(3), 43-49

Metomuka. ['paduri3aius MpoBOIUIACH B DICKTPOTEPMHYECKOM meun npu ckopoctu HarpeBa 1000 K/MuH M BpeMeHH BBIACPKKH
10 munyTt. TemneparypHslii quana3on uccinenoBanuii 1973-2873 K. VccenenoBanue cTpyKTypbl MaTeprala MpOBOIMIOCH METOIOM PEHTTe-
HOrpaduuecKoro aHaM3a 1 ONpPEeICHUs HICKTPONPOBOAHOCTH CJIOS YaCTHIL YT, C HCHOJIb30BAHUEM CKAHUPYIOLIEro 3JIEKTPOHHOTO MHUK-
pockona CamScan 4DV ¢ npucrtaskoii Link760. OnpeneneHsl H3MEeHEHNs 30JIbHOCTH M COIEPKAHUS CEPHI.

Pe3yabTaThl. YCTAaHOBIICHO, YTO C YBEIHYCHHEM TEMIICpaTypbl 00paboTku MexcioeBoe paccrosHue Oooz ymensumnoch ¢ 0.350 mo
0.341 uM™, 30spHOCTH YMeHBIIHIIACH ¢ 3.46 10 0.40%, OTHOCHTENBHAS 3JIEKTPOIIPOBOIHOCTE BEIpocia B 4 pa3a. AGCONIIOTHOE 3HAYEHHE CTe-
TIeHN TpadHUTaluy aHTPAIUTa 3HAYUTENHHO OTIMYAJIOCh OT 3HaYeHHH, XapaKTepHBIX A HCKyccTBeHHOro rpadura. OmgHako abCOMIOTHOE
3HaYEHHUE CTENeH! TpadUTAlMH aHTPAIUTA 3HAUYUTENBHO OTJIMYAIOCh OT 3HAYEHMI, XapaKTePHBIX ISl HCKYCCTBEHHOTO TpaduTa. ITO MOXKET
OBITh CBS3aHO C HEAOCTAaTOYHOM BBIAEP)KKOM MPH HCCIEAO0BAHHBIX TEMIIEPATYpax, a TAKXKE MONyYEeHHEM NOPHCTOH, HEAOCTATOYHO YILIOT-
HEHHOW CTPYKTYPHI YIJIS IIPU CKOPOCTHOM Harpese 10 1573 K.

Hayunasi HoBu3Ha. [Toka3aH NpUHLMITHAIbHAS BO3MOXKHOCTB MOJNTYYEHHS rpaUTH3NPOBAHHOTO aHTPALUTA C UCHOJIb30BAHUEM ILIOKO-
BOTO HarpeBa B I1€Yax C IEKTPOTEPMHUUYECKUM KHUILAIIAM CIOEM W BO3MOXKHOCTBH OIEHKH CTENCHH Ipa(HTAIlH aHTPAUTOB II0 BEIHIMHE
OTHOCHTEJIBHOH yIeTbHON IEKTPOIPOBOJHOCTH CIIOS YACTHI] yTIIS.

IIpakTnyeckass 3HAYAMOCTD. [IpakTHueckas peanu3anyss HOBOH TEXHOJOTHH BO3MOXKHA IIOCIIE OIIPENENICHNs ONTHMAJIBHBIX HapaMeT-
pOB TpadUTH3ANUK AHTPAIUTOB, 0OECIICUNBAIOIINX TITyOOKYyIO0 MEpecTPOHKY CTPYKTYPHI, XapaKTepHYIO IS HCKYCCTBEHHBIX TpaduroB. B
MEePBYIO OYepeAb 3TO KacaeTcsl MpeIBapHTENIbHOr0 oOXwura aHTpanuTa 10 Temreparypbl 1273-1373 K, a taioke BbIOOpa Temmeparypsl U
BBIAEPKKU Ipu Tpaduranuu. OnpeneneHne TUX NapaMeTPOB MO3BOJIHUT OLEHUTh TEXHUKO-PKOHOMUUECKUE TOKa3aTeIN HOBOH TEXHOJIOTUHI
U CKOPPEKTUPOBATh KOHCTPYKTHBHBIE APAMETPHI MeUeH € 3MEKTPOTEPMUIECKHM KHIISIIIHM CIIOEM.

Kntouesvie cnosa: cpadhumusayus, awmpayum, WOKOSbI HASpes, IIeKMpPOmepMUYeckKull Kunawuil ciou, peHmeeHoepaguueckuil
amanus, s1eKmponpo8ooOHOCHIb
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