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The general increase in electricity consumption and the development of nuclear energy, including
next generation nuclear reactors where graphite-based materials are used, definitely leads to an in-
crease in the need for its production. Therefore, the development and improvement of technologies
for the production of high-purity graphite (including nuclear), namely the understanding of the
thermodynamic and hydrodynamic processes of graphite purification, is of great practical impor-
tance. Thermodynamic calculations of the main chemical reactions of the high-temperature graph-
ite purification process were carried out in the paper. For conducting thermodynamic calculations, a
sample of natural graphite with a purity of up to 94.33% mass was taken. With the following compo-
sition of impurities: SiOZ—S.OS % mass; A1203—1.05% mass; Fe203—1.01% mass; CaO — 0.2% mass;
MgO — 0.31% mass; S — 0.048% mass. The thermochemical parameters of the process were deter-
mined by the thermodynamic method (“TERRA” program). During the calculation, 0.9433 mol of
C, 0.0305 mol of SiO,, 0.0105 mol of ALO,, 0.0101 mol of Fe,O,, 0.0002 mol of Ca0O, 0.0031 mol of
MgO0, 0.00048 mol of S, and 1 mol of N, were taken, temperature range is 300...3278 K, and pressure
is 0.1 MPa. Obtained results show that at a temperature above 1600 K, part of the initial carbon is
oxidized to CO, and nitrogen actually does not affect the process. And also taking into account that
part of the substances CO; Si; SiC; SiS; Al; Fe; Mg; Ca; SiO at temperatures of 2800...3200 K are in
a gas state and are carried to the purifier, from which we can conclude that the reaction temperature
must be higher than 2800 K to carry out this process. The study of the hydrodynamic characteristics
of graphite in a fluidized bed was carried out on the designed model installation with a fluidized
bed. The working zone of the device is made in the form of a graphite cone with an opening angle of
25°, which provided the creation of a “spouted bed”. Besides, part of the fluidizing agent (nitrogen)
was supplied in a pulsating mode. For the research, 6 samples of graphite with different physical
properties and chemical composition were chosen, the filling volume was 0.5 1. Based on thermo-
dynamic calculations of the basic thermochemical reactions and cold hydrodynamic tests, a labo-
ratory installation was created to monitor the process of high-temperature purification of graphite.

Introduction

integral part of items used in nuclear power, power equip-
ment, mechanical engineering, metallurgy and other in-

Due to its unique properties, graphite has become an  dustries. The field of application of graphite is constantly
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expanding, thereby determining its consumer demand
[1-7]. Taking this into account, graphite is already included
in the list of strategic raw materials of the EU countries [1].

Other features of graphite as a material for nuclear
physics include, first of all, a small effective cross-section
o of photonuclear reactions for carbon in the giant res-
onance region, associated with disruption of the natural
oscillations of protons relative to neutrons (dipole oscil-
lations) by y-quanta. Nucleons can leave the nucleus not
only during dipole oscillations, but also after their decay.
A large part of collisions of neutrons with carbon nuclei
occurs by the mechanism of elastic scattering, which led
to the effective use of graphite as a neutron moderator or
absorber [8].

Graphite is a good construction material, due to the
very high temperature of sublimation, graphite remains
solid (in an oxygen-free atmosphere) up to temperatures
of the order of 4273 K. At the same time, at a low density,
graphite is a material that is not only solid, but also easily
processed mechanically, has a low pressure of saturated
vapors in a vacuum even at elevated temperatures. Graph-
ite has high thermal conductivity and heat capacity, at the
same time not necessarily having high electrical conduc-
tivity. This material in the temperature range of its use
increases its strength with increasing temperature, has
corrosion and erosion resistance during irradiation [9].
The strength of graphite varies significantly depending
on the method of its production, therefore graphites with
the identical density, but differing in structure, can have
different strengths. The general rule is that a more finely
structured graphite composite has greater strength and
longer service life, as a rule [10].

Graphite as a structural and functional material
was used in high-temperature reactors: AVR (Germa-
ny), HTGR-1 (USA), improved reactor with gas cooling
AGR (England), and in high power channel-type reactors
(HPCR) (USSR, RF, Lithuania) [11]. Currently, graphite
is a structural and functional material in nuclear power
systems of the IV generation, in particular, in high-tem-
perature gas cooled (HTGR, HTR, HTGR, VHTR) and
molten salt reactors (MSR) [12].

With the development of nuclear power systems
of the IV generation and the increase in the popularity
of electric transport, there is a dynamic increase in the
consumption of graphite [13-16], therefore the issue of
developing and improving technologies for the produc-
tion of high-purity graphite (including nuclear) is of great
practical importance.

An overview of modern graphite purification tech-
nologies is described by the authors in [17].

Thermodynamic calculations of the main
chemical reactions of the high-temperature
graphite purification process

The research is based on the idea of high-tempera-
ture purification of graphite to high degrees of purity in
an oxygen-free atmosphere without the use of harmful
halogen-containing compounds.

The task of the research as a whole is to determine
the fundamental possibility of purifying natural graphite
to nuclear purity by means of its high-temperature treat-
ment in an electrothermal fluidized bed (ETFB).

For research, 6 samples of natural graphite were tak-
en, the characteristics of which are presented in Table. 1.

The use of a fluidized bed (FB) should allow heat to
be evenly distributed between graphite particles, and the
formation of a microdischarge plasma will allow reaching
the required temperatures.

Thermodynamic methods (“TERRA” program) were
used to determine the thermochemical parameters of the
process.

Natural graphite with a purity of up to 94.33 % mass
was chosen for the study with the following composi-
tion of impurities: SiO, — 3.05 % mass; ALLO, — 1.05 %
mass; Fe,O, — 1.01 % mass; CaO — 0.2 % mass; MgO —
0.31 % mass; S — 0.048 % mass. During the calculation,
0.9433 mol of C, 0.0305 mol of SiO,, 0.0105 mol of AL,O,,
0.0101 mol of Fe,O,, 0.0002 mol of CaO, 0.0031 mol of
MgO, 0.0031 mol of MgO, 00048 mol of S and 1 mol N,
were taken, temperature range is 300...3278 K, pressure
is 0.1 MPa:

The equilibrium curves of the system are shown in
Fig. 1.

For a more convenient perception of impurity con-
centrations, let’s make a graph excluding carbon, nitrogen
and CO (Fig. 2).

The equilibrium composition of the system is given
in Tables 2—4.

From these calculations, it can be seen that above
1600 K, part of the initial carbon is oxidized to CO. Ni-
trogen actually does not affect the processes.

The main thermophysical characteristics of this pro-
cess are given in Table 5, where T'is temperature, K, S .
is entropy, kJ/kg K, I, is total enthalpy, U, is total inter-
nal energy, kJ/kg, MMg is the molar mass of the gas phase,
Cp’is the specific heat capacity, Cpgis heat capacity of gas
phase, kJ/(kg - K).

Considering that part of the CO; Si; SiC ; SiS; Al Fe;
Mg; Ca; SiO substances at temperatures of 2800...3200 K
are in a gaseous state and carried to the purifier, the meth-
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Table 1. Characteristics of natural graphite samples

Sample
Parameter
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Content of chemical
components, % mass:
Ph 9.2 9.2 8.6 9.4 8.1 9.0
C 91.0 90.4 92.4 92.3 93.1 93.0
Al 8.8 9.4 7.3 7.6 6.8 6.8
W 0.2 0.2 0.5 0.3 0.2 0.17
\Y 0.2 0.2 0.3 0.1 0.1 0.2
Bulk density, g/1 482 430 553 377 466 651
Tap density, g/l 610 580 710 500 600 570
Granulometric composition, %:
500 um - - - - - -
400 pm - - - - - -
315 um - - 0.1 - - -
200 um 0.4 0.1 7.2 0.2 0.3 -
180 um 1.0 0.6 5.5 0.3 1.0 0.1
160 pm 4.4 1.1 6.5 0.7 3.1 1.1
150 um 4.8 2.3 59 1.1 4.9 2.2
100 um 36.1 20.6 25.6 10.2 33.3 23.6
71 um 23.5 23.9 19.3 23.8 25.3 31.5
63 pm 7.9 9.1 10.3 14.8 10.7 12.3
45 um 9.9 18.3 9.3 19.3 10.7 14.6
-45 um 12.0 24.0 10.3 29.6 10.7 14.6
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Fig. 1. Equilibrium curves of the system “C + SiO, + AL O, + Fe,O, + CaO + MgO + S + N,

0.9433:0.0305 : 0.0105 : 0.0101 : 0.0002 : 0.0031 : 0.00048 : 1”
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Fig. 2. Equilibrium curves of the system “C + SiO, + AL O, + Fe,O, + CaO + MgO + S+ N,

0.9433:0.0305 : 0.0105 : 0.0101 : 0.0002 : 0.0031 : 0.00048 : 1” (excluding carbon, nitrogen and CO)

od of high-temperature purification of graphite to high
degrees of purity must be effective.

Determination of hydrodynamic features of
fluidization of natural graphite on a cold model

Natural graphite powder, due to the platelet (lamel-
lar) shape of its particles, is an inconvenient material for
creating a FB. During blowing it with gas, instead of the
usual bubble boiling, one or more channels are formed,
through which most of the gas passes. In order to pass the
bubble boiling of the material and ensure the possibility
of continuous operation of the installation (loading/un-
loading without cooling of the installation), the working
zone of the reactor is made in the form of a graphite cone
with an opening angle of 25°, which ensured the creation
of a “spouted bed”. In addition, part of the fluidizing agent
(nitrogen) was supplied in a pulsating mode.

The experiments were carried out in the cold mode
of operation of the ETFB laboratory installation with the
outer cover open to determine the optimal parameters for
supplying the fluidizing agent (nitrogen) to the working
area, which would ensure good mixing of the material in
the working area. At the first stage, nitrogen was supplied
in a single flow in a stationary and pulsating mode in the
center of the working area. Graphite samples Nor. 1-7
with a filling volume of 0.5 1 were selected for the research.
The schematic picture of material fluidization is presented
in Fig. 3.

Based on the results of visual observation of the flu-
idization nature, it can be noted that the boiling of sample

No. 6 was characterized by the formation of a channel
and the ejection of material at the point that was above
the hole for nitrogen supply and the finished material dis-
charge. The boiling of sample No. 5 was similar to that of
sample No. 6, but it was characterized by a smaller emis-
sion of graphite particles. During the boiling of sample
No. 4, the working area was heavily “dusted” with finely
dispersed material, which prevented the visual control of
the process. Higher values of the nitrogen flow did not
ensure proper boiling and mixing of the material, but only
caused a higher discharge of the material through the
channel and an increase in the removal of the material.
Lower values of nitrogen consumption led to the “laying
down” of graphite material. The material of samples No.
2 and No. 3 was generally in a stationary state and only
under mechanical influence, a channel was formed in it
through which nitrogen passed. Practically the same pic-
ture also occurred for sample No. 1.

To assess the possibility of intensification of fluidiza-
tion of the material, similar experiments were conducted
on a cold model of the working zone of the laboratory
installation with an additional supply of nitrogen through
side holes in the peripheral electrode. The visual picture
of fluidization is shown in Fig. 4.

Additional supply of nitrogen through side channels
increased the intensity and degree of homogeneity of boil-
ing, however, during pulsations and when the supply was
stopped, the material flowed through these holes into the
cold zone of the reactor (outside the peripheral electrode).
Therefore, in order to avoid the removal of graphite materi-
al during experiments on heat treatment of graphite, it was
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Table 2. The equilibrium composition of the system “C + SiO, + Al,0O, + Fe, O, + CaO + MgO + S + N,
0.9433 : 0.0305 : 0.0105 : 0.0101 : 0.0002 : 0.0031 : 0.00048 : 1” (mol /kg)

T N, C(o) CO CN Si SiO,
300 16.5158 31.8558 3.59E-11 1.93E-22 1.93E-22 0.904849
500 16.5158 31.8505 4.24E-05 1.93E-22 1.93E-22 0.898249
700 16.5158 31.8428 0.015449 1.93E-22 1.93E-22 0.898249
900 16.5158 30.8556 0.690432 1E-19 1.93E-22 0.898249
1100 16.5158 30.7066 0.988257 4.38E-15 1.93E-22 0.898249
1300 16.5158 30.6927 1.00374 7.01E-12 2.11E-16 0.904845
1500 16.5158 30.6717 1.02286 1.55E-09 1.95E-10 0.895677
1700 16.5158 27.7346 2.98863 1E-07 2.27E-07 1E-30
1900 16.1687 26.6007 4.12938 2.59E-06 0.000011 1E-30
2100 16.17 26.6468 4.11041 3.56E-05 0.000245 1E-30
2300 16.202 26.7137 4.08349 0.000309 0.003171 1E-30
2500 16.5125 26.8634 4.03821 0.001956 0.028484 1E-30
2700 16.5034 27.0783 4.02613 0.009271 0.182607 1E-30
2900 16.4794 26.6359 4.10524 0.035102 0.287433 1E-30
3100 16.4178 26.0983 4.14568 0.111012 0.249027 1.15E-27
3300 16.2695 25.1775 4.15654 0.304904 0.195782 2.86E-30

Table 3. The equilibrium composition of the system “C + SiO, + A1,O, + Fe,O, + CaO + MgO + S + N, 0.9433:

0.0305: 0.0105: 0.0101: 0.0002: 0.0031: 0.00048: 1” (mol /kg)

T sis SiC() SiC, Al ALO, Fe Fe,C
300 1.93E-22 1E-30 1.93E-22 1.93E-22 0.347129 1.93E-22 1E-30
500 1.93E-22 1E-30 1.93E-22 1.93E-22 0.347129 1.93E-22 1E-30
700 1.93E-22 1E-30 1.93E-22 1.93E-22 0.347129 1.93E-22 1E-30
900 1.18E-21 1E-30 1.93E-22 1.93E-22 0.347129 9.1E-16 0.21656
1100 1.3E-12 1E-30 1.93E-22 1.93E-22 0.347129 1.46E-11 0.21661
1300 3.21E-06 1E-30 6.96E-20 7.4E-16 0.347129 1.14E-08 0.219052
1500 0.00875 1E-30 5.43E-13 1.32E-10 0.347129 1.47E-06 0.221844
1700 0.015843 0.97136 3.19E-09 3.45E-07 0.248792 5.59E-05 0.221825
1900 0.010174 0.964793 5.47E-07 5.79E-05 1.68E-28 0.000931 0.221534
2100 0.015825 0.940029 3.33E-05 0.002617 1E-30 0.008648 0.218961
2300 0.015797 0.91188 0.000986 0.060511 1E-30 0.054233 0.203766
2500 0.015749 0.829023 0.017608 0.644204 1E-30 0.264013 0.133839
2700 0.015708 0.314833 0.201436 0.684619 1E-30 0.665531 1.37E-26
2900 0.015198 5.54E-26 0.519755 0.687619 1E-30 0.665528 1E-30
3100 0.012531 1.15E-27 0.690585 0.684705 115E-27 0.665519 115E-27
3300 0.006462 2.86E-30 0.787044 0.677185 2.86E-30 0.665494 2.86E-30
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Table 4. The equilibrium composition of the system “C + SiO, + ALLO, + Fe,O, + CaO + MgO +S + N,
0.9433:0.0305 : 0.0105 : 0.0101 : 0.0002 : 0.0031 : 0.00048 : 1” (mol /kg)

T Fe O, FeS Mg MgSiO, MgALO, Ca
300 0.219198 8.73E-26 1.93E-22 0.101673 1E-30 1.93E-22
500 0.216553 0.015874 1.93E-22 0.101673 1E-30 1.93E-22
700 0.216553 0.015874 1.93E-22 0.101673 1E-30 1.93E-22
900 1E-30 0.015853 6.68E-21 0.101673 1E-30 1.93E-22
1100 1E-30 0.015701 5.45E-14 0.101673 1E-30 4.06E-20
1300 1E-30 0.008377 3.94E-09 0.101673 1E-30 1.07E-14
1500 1E-30 9.11E-29 1.37E-05 0.101659 1E-30 1.32E-10
1700 1E-30 1E-30 0.003334 2.42E-28 0.098337 7.44E-07
1900 1E-30 1E-30 0.101663 1E-30 4.15E-29 0.000926
2100 1E-30 1E-30 0.101668 1E-30 1E-30 0.006599
2300 1E-30 1E-30 0.101671 1E-30 1E-30 0.006597
2500 1E-30 1E-30 0.101672 1E-30 1E-30 0.006596
2700 1E-30 1E-30 0.101672 1E-30 1E-30 0.006586
2900 1E-30 1E-30 0.101671 1E-30 1E-30 0.006561
3100 1.15E-27 1.15E-27 0.101666 1.15E-27 1.15E-27 0.006507
3300 2.86E-30 2.86E-30 0.101656 2.86E-30 2.86E-30 0.006399

Table S. Thermophysical characteristics of the graphite purification process in the system

“C+8i0, + ALQ, + Fe, O, + CaO + MgO + S+ N, 0.9433 : 0.0305 : 0.0105 : 0.0101 : 0.0002 : 0.0031 : 0.00048 : 1”

T Sexr L Uy Cp’ MMg Cpg
300 3.463 ~1836.07 ~1836.33 0.868105 28.0657 1.03964
500 3.96746 ~1636.52 -1664.35 1.09949 28.0771 1.05506
700 4.36624 ~1398.47 ~1453.89 128715 28.0696 110121
900 4.85966 -1004.42 -1091.29 1.7041 28.1551 1.14742
1100 5.16411 ~701.943 ~818.675 143207 28.0181 118605
1300 5.40897 ~408.561 ~554.503 146715 28.015 1.21837
1500 5.63026 ~98.667 -274.018 0 28.0304 124355
1700 6.19055 800.53 572.822 155988 28.049 126386
1900 6.52949 1402.58 1130.3 1.53444 28.037 1.27762
2100 6.68637 1716.1 1409.48 159609 28.0749 128859
2300 6.85231 2081.93 1738.94 2.32702 28.161 1.31578
2500 718254 2877.86 2479.37 2.79016 28.4868 145347
2700 7.4615 3604.48 3152.71 4.54308 29.269 1.50295
2900 7.67097 4187 3688.32 2.18372 29.5018 153879
3100 7.81788 4627.68 4087.09 2.3405 29.5847 161597
3300 799715 5202.58 4616.29 3.74655 29.6971 1.85524
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Fig. 3. Character of natural graphite particles fluidization in the “cold” mode
of operation of the ETFB installation: a— No. 6, b — No. 5, c — No. 4, d — No. 3,
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Fig. 4. The nature of natural graphite particles fluidization in a cold model of the working area
of a laboratory installation with ETFB with additional holes for nitrogen supply:
a — sample No. 5, b — sample No. 6, c — sample No. 4
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decided to temporarily abandon the additional holes in the
peripheral electrode of the ETFB laboratory installation.

Laboratory installation for researching
the process of the natural graphite
high-temperature purification

The laboratory installation with ETFB is designed
to determine the principle possibility of enriching natural
powdered graphite to a carbon content of 99.9% mass. using
its high-temperature (over 2273 K) treatment in an inert
atmosphere. The choice of a gas distribution device in the
form of a cone is due to the creation of conditions for the
continuity of the process (unloading/loading the reaction
zone of the reactor without cooling the installation). The
scheme of the reactor is presented in Fig. 5.

The reactor works as follows: through the fittings 1
and 2, through the pipe 3, nitrogen is supplied to the re-
action zone 4 in stationary and pulsating mode, respec-
tively. Nitrogen exits into the atmosphere through pipe 5
and cyclone cleaner 6. Through the hole for monitoring
the process 7, the starting material is loaded into the re-
action zone 4 and a current is supplied to the electrode

12 11

R

\r&\u
=

8. The lower 9 and upper 10 covers are cooled with water.
The height of the electrode is regulated by a worm-type
mechanism 11. The temperature is measured by a pyrom-
eter through the hole 12 and a thermocouple 13. After the
process, the material is unloaded into the bunker 14. The
outer layer of thermal insulation 15 is made of heat-resis-
tant wool MKRR-130, the inner layer 16 is made of techni-
cal carbon. The outer cylindrical case is made of stainless
steel X18HI0T.

The basic technological scheme is shown in Fig. 6.

The appearance of the installation is shown in Fig. 7.

The installation works as follows: cooling water
is supplied to the reactor 1 by opening the ball valve 2,
nitrogen is supplied to the gas distribution comb 4 by
opening the shut-off valve on the cylinder 3, then nitro-
gen is supplied in stationary mode by opening the valve 5
through the rotameter 6. By opening the valve 7 through
the rotameter 8, the receiver 9 and the pulsator 10 sup-
ply nitrogen in a pulsating mode. Nitrogen, after passing
through reactor 1, enters the purifier 11 and the hood 12.
Material is loaded through the observation window 13.
By turning on the switch 14, current is supplied to the
reactor 1 through the transformer 15 and the electrode 16.

Fig. 5. Scheme of the reactor of the laboratory
installation for researching the process of natural
graphite purification:

1 — fitting for nitrogen supply in stationary mode,

2 — fitting for nitrogen supply in pulsating mode,

3 — pipe for nitrogen supply, 4 — reaction zone (FB),
5 — pipe for nitrogen removal, 6 — cyclone cleaner,
7 — hole for tracking the process/material loading,

8 — electrode, 9 — lower water cooling cover,

10 — upper water cooling cover, 11 — mechanism for
adjusting the height of the electrode, 12 — hole for
tracking radiation for the pyrometer,

13 — thermocouple, 14 — bunker for cooling the
finished product, 15 — external thermal insulation,

16 — internal thermal insulation
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Fig. 6. Basic technological diagram of a laboratory installation for cleaning natural graphite:
1 — reactor with ETFB, 2 — ball valve, 4 — gas distribution comb, 5, 7 — valves, 6, 8 — rotameter,
9 — receiver, 10 — pulsator, 11 — cyclone cleaner, 12 — hood, 13 — window for observation/loading material,
14 — switch, 15 — power transformer, 16 — electrode, 17 — unloading and cooling system
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Fig. 7. The appearance of the laboratory installation
for the research of the natural graphite purification process
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Table 6. The value of the operating parameters of the laboratory installation for the research
of the process of natural graphite high-temperature purification

Parameter Unit of measurement A measurement value or range

The volume of the reaction zone m? 0.0015
Type of gas distribution device cone
The type of electric current between the electrodes Removable
Amperage 0...400
High-voltage B 20...60
Material processing temperature °C 1500...3000
Duration of material processing h 0.5...1.5

After the process, the material is unloaded through the References
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TepmoguHaMiuyHi po3paxXyHKHU Ta FigpogMHaMidyHi
BOCIiIKEHHA MPOLECY BUCOKOTEMIIEPATY PHOTO
ounieHHA rpadiTy B eneKTpoTepMidYHOMY
NCEBO3Pi>KeHOMY IIapi

3arasibHe 30i/IbIIIEHH S CIIO>KVBAHHSI e/IEKTPOeHeprii
Ta PO3BUTOK ANEPHOI €HEePreTUKI, B TOMY YNCIIi AlePHUX

Pp€aKTOpiB HOBOTO IIOKO/TiHHA, fi€ 3aCTOCOBYIOTbCS MaTe-
piasu Ha ocHOBI rpadiry, 6e3yMOBHO Befie 10 3pOCTaH-
Hs HeOOXiJTHOCTI JI0TO BUTOTOB/IEHHA. ToMy po3pobKu
Ta BJJOCKOHAJIEHHs TE€XHOJIOTiil BUpOOHUIITBA Tpadiry
BUCOKOI 4rcTOTH (Y TOMY YMCTIi SATEPHOI), a caMe po3y-
MiHHS TEpMOJVMHAMIYHUX Ta Fi[pOMHAMIYHIX IPOLIECiB
OUMIIeHHA TPpadiTy, MAIOTh Be/IVIKe IPAKTUYHE 3HAUEHH .

Y poboTi npoBefieHO TepMOAMHAMIYHI PO3paxyHKN
OCHOBHMX XiMIYHMX peaKliil IpoLecy BUCOKOTEMIIEpa-
TYPHOTO OuMIIeHHA rpadiry. [I/11 mpoBefeHHA TepMOaN-
HaMIiYHIX PO3PaXyHKiB OYB B3ATUII 3pa30K IPUPOFHOTO
rpaciry 3 uncrororo 10 94,33 %Mac. 3i CK/1aJoM IOMIIIOK:
Si0, — 3,05 %mac.; Al,O, — 1,05 %mac.; Fe, O, — 1,01 %mac,;
CaO — 0,2 %mac.; MgO — 0,31 %mac.; S — 0,048 %mac. Tep-
MOXiMi4qHi TapaMeTpy IPOLeCy BU3HAYA/NCA TEPMOJHA-
MmivHNM MetozioM (mporpama TERRA). ITif yac mpoBeeHHA
pospaxynky 6yno B3aro 0,9433 monp C, 0,0305 Mo SiO,,
0,0105 monb AL O,, 0,0101 monb Fe O,, 0,0002 monb CaO,
0,0031 monmb MgO, 0,00048 mornb S Ta 1 Monb N, rianason
temnepatyp: 300...3278 K, tuck 0,1 MIla. 3 orpumanux pe-
3y/IbTaTiB BUJHO, IO 3a TeMneparypu Buile 1600 Kgactu-
Ha BUXi/JHOTO BYI/Ielfo OKMCIIoeThesA 1o CO, a asor dak-
TUYHO He BIUIMBA€E Ha IIPOXOIKEHHA IPOLECiB. A TaKOX
BpaxoBy04l, o YactuHa pevosuH CO; Si; SiC; SiS; Al Fe;
Mg; Ca; SiO 3a temneparyp 2800...3200 K nepe6yBatotpb
y Fa30BOMY CTaHi Ta BUHOCSITbCA B OYVICHIK, 3 YOTO MOXKHA
3pOOUTI BUCHOBOK, 1O /IS IIPOBEEHHS IIbOTO MIPOLIECY
TeMIlepaTypa peakuii Mae 6ytu Buie 2800 K.

BuBueHHs rifpopnHaMivHIX 0co6nMMBOCTEI rpadi-
Ty y IICEB/IO3PiZKEHOMY IIapi MPOBOAUIOCHh Ha CTBOPE-
Hill MOZIENIbHIN YCTaHOBI 3 IICEBJJO3PiKEHNM IIAPOM.
Po6oua 30Ha amapaTy BUKOHaHA y BUIIAAL rpadiToBo-
ro KOHyca 3 KyTOM PO3KPUTTA 25°% Mo 3abe3nevyBao
CTBOpEHHA «(pOHTaHYI0YOro mapy». Kpim Toro, wacrnna
3pifl>KyI040ro areHTy (a30Ty) IofaBanacs B My/IbCyH0d0-
My pexxuMi. [l mpoBeeHHs JOCIiI>KeHb 6y/10 06paHO
6 3paskiB rpadiry 3 pisHNMM GisUIHIMY BTaCTUBOCTS-
MM 1 XIMIYHMM CKIamoM, o6em sacunku 0,5 1.

Ha ocnoBi TepMopmHaMi4YHMX pO3paxyHKiB OcC-
HOBHMX TePMOXIMIYHUX peakxljiii po3po6IeHo Ta XO-
JIONHMUX Ti[pOAMHAMIYHUX BUIIPOOYBaHb CTBOPEHO
abOpaTOPHY YCTAHOBKY AJIS JOCTifI>)KEHHs NPOLeCy
BUCOKOTEMIIEPATyPHOTO OUYMIIeHH Irpadiry.

Kniouosi cnosi: Tpadit simepHOI YNCTOTH, TeKTPOTEPMITHMI
TICEBJJO3PI/PKEHNIA IIap, BMCOKOTEMIIEpaTypHa OYMCTKa,
TepPMOAMHAMIKa, rifpoguHaMiKa.
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