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One of the main requirements to carbon materials is their purity. The authors have proposed and experimentally
tested a new method for vacuum-thermal refining of carbon materials using NaCl vapor as an activator. It is
experimentally confirmed that this method allows increasing the refining process efficiency and decreasing the
energy consumption. The proposed method can be an alternative to modern methods of chlorine- and fluorine
thermal refining that permits to exclude the use of hazardous reagents.
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INTRODUCTION

Currently, carbon materials are widely used for
structural parts of modern and projected thermonuclear
plants [1], in engineering, rocket and space technology.
One of the important requirements to such materials is
their purity [2].

Several basic refining methods are applied to
produce high-purity carbon materials: chlorine-thermal,
fluorine-thermal, high-temperature and vacuum-thermal
refining. All of these methods have some disadvantages.
For example, in the case of using the fluorine or
chlorine refining there are problems of ensuring the
safety of processes, as well as an insufficient corrosion
resistance of the equipment. The high-temperature
refining has a low energy efficiency of the process. A
technology drawback of the vacuum-thermal refining is
a low resistance of heaters at high operating
temperatures.

One of the proposed refining methods can be the
technology based on the principles described in the
monograph [3]. The paper considers the problems of
reaction surface activation in the high-temperature
vacuum doping processes with the presence of
dissociating activators in the reaction medium. The
authors have chosen sodium chloride as the most
available activator.

Of some interest is the study of the dissociating
activator influence on the process of vacuum-thermal
refining of carbon materials. Due to its positive effect
on the refining process a possibility may be of
excluding the use of toxic substances, decreasing
operating temperatures, reducing energy costs of the
refining process and increasing the life of heaters.

EXPERIMENTAL PART

To study the refining process we have used a
pyrolysis reactor AGAT 2.0 with the process equipment
shown in Fig. 1.

The essence of the method is that in the process of
vacuum-thermal refining the NaCl vapor flow passes
through graphite powder and subjects it to dissociating
activation. To implement this method, the process
equipment has been assembled (see Fig. 1), including
container 7 with graphite powder GAK-1, distance
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spacer 13, container-vaporizer with NaCl heated by
heater 6. For the purpose of forming a directed NaCl
vapor flow, elements of the technological rig are made
of low-porous MPG-7 graphite, and in the bottoms of
container 7 and spacer 13 are perforated. At the same
time, the container containing NacCl is partially removed
from the heating area, so that the salt would be not
overheat and evaporated intensively. The cross-section,
the height of the heater support have been chosen so that
after reaching a required temperature of 2000 °C in the
region of the container with GAK-1, the temperature on
the surface of the container with NaCl would be not
higher than 900 °C. (At this temperature, the salt is
melting and evaporates with an acceptable intensity).
The temperature in the container region with GAK-1
powder is controlled by a pyrometer, and on the surface
of the container a NaCIl-XA thermocouple is used.

Thus, after reaching a required temperature, the
container with GAK-1 graphite powder evaporates NaCl
and the flow of NaCl vapors, passing through the
GAK-1 graphite powder, interacts with it.

To study the efficiency of the method, a series of
experiments were carried out: 1) vacuum-thermal
refining; 2) vacuum-thermal refining with NaCl
activator.

Vacuum-thermal refining was carried out at
temperatures of about 2000 °C. During the activation
refining process, the temperature on the container was
maintained at the level of 1800...1850 °C.

A material to be refined is natural coarse-grained
GAK-1 graphite with a stable content of impurities. An
elemental composition of GAK-2 graphite impurities is
given in Table 1.

Table 1
Elemental composition of GAK-2 graphite impurities
Si Ca Fe Cr Cu S
13.33 8.26 34.17 9.76 4.13 27.48

The temperature of 1850 °C has been chosen as an
acceptable  average refining temperature, the
temperature of the container with salt does not exceed
900 °C that provides a stable NaCl vapor flow through
the graphite powder layer.
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Fig. 1. Diagram of the assembly for NaCl vaporization
and graphite heating: 1 — thermal shield support;
2 — NaCl vaporizer-container; 3 — heater rack;
4 —thermocouple; 5 — NaCl melt; 6 — heater;
7 — refining container; 8 — graphite to be refined;

9 — hole to measure the temperature with a pyrometer;
10 — lid with holes for vapor output; 11 — thermal
shield; 12 — heater cover with holes for vapor output;
13 — spacer; 14 — NaCl vapors

The interaction with impurities occurs by the
mechanism described in [4, 5]. The molecule of sodium
chloride in the gas phase does not dissociate, it is
expected that the complex process of chemical
interaction in the NaCl-impurity system occurs by the
way of NaCl molecule adsorption on the impurity, and
subsequent superficial desorption.

A probability of such a mechanism is high enough,
as due to the interaction of sodium and impurity atoms
with electrons in the adsorption layer there is a
possibility of the valence sodium electron transition into
an empty impurity shell, while the bonds between
sodium and chlorine in the sodium chloride molecule
will be weakened.

This can lead to the sodium chloride molecule
collapse resulting in the formation of chloride impurities

and their subsequent evaporation. A possibility of such
a mechanism is considered in [4, 5], where it is shown
that the degree of superficial desorption of alkaline-
haloid molecules significantly depends on the electronic
interaction with the substrate.

It should be noted that when sodium chloride
vapors condense on the surface of some elements, there
is no a necessary weakening of bonds between sodium
and chlorine, that ensures the NaCl molecule collapse
and new chloride formation. Such elements include, for
example, niobium, molybdenum, tungsten, carbon, etc.

The graphite powder refining by the vacuum-
thermal method and vacuum-thermal method with the
use of a back-dissociating NaCl activator was carried
out in compliance with identical parameters of power
increasing. At the same time, the temperature in the area
of the container with GAK-1 powder was changing as
shown in Fig. 2.
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Fig. 2. Temperature curves for the graphite refining
container as a function of time
(by pyrometric measurements)

Different shape of the curves at temperatures
exceeding 1870 °C, with the same specific heating
power in both experiments, is due to the heat removal
by the NaCl vapors.

The efficiency of the process of graphite powder
refining using different refining methods was
determined by gravimetric analysis on ash; the burning
of graphite powder charge was performed in the air
atmosphere at 900 °C, according to GOST 22692-77
[6]. The measurement results are shown in Table 2.

Table 2
The ash content in natural graphite of GAK-1 grade
after refining using different methods

Refining method Graphite powder Ash content, %
charge mass, g

Initial graphite 137.9851 0.36
Refining at 1950 °C
using the vacuum- 138.0836 0.11
thermal method
Refining at 1850 °C,
vacuum—th_ermal 126.7696 0.04
method using
activator ( NaCl)

RESULTS AND DISCUSSION

Analysis of results shows that the use of the
activator in vacuum-thermal refining makes it possible
to decrease the ash content of graphite by 60%, i. e. to
increase the process efficiency.




The ash content decrease by 60% in the case of
NaCl vapors passing through the graphite powder being
refined at a lower average temperature of powder (see
Fig. 2), in our opinion, is due to the formation of
volatile intermediate compounds with NaCl [3, 7].

CONCLUSIONS

A new method for vacuum-thermal refining of
carbon materials using sodium chloride as an activator
is proposed and experimentally tested.

The experimental results confirm that that the use of
such a technique can increase the efficiency of carbon
refining processes by 60%.

The results obtained can serve as a base for the
production of domestic upgraded-purity graphite
materials, which can become an alternative to imported
high-purity graphite.
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BAKYYMHASA BBICOKOTEMIIEPATYPHAS PAOUHALISA
YIVIEPOJHOI'O MATEPHAJIA C UCIIOJIb3OBAHHEM ITAPOB NaCl
B KAYECTBE TPAHCIIOPTHO-PEAKIIMOHHOU CPEJbI

A.B. Kpasuyos, U.B. I'ypun, A.M. Bykonos, F0.A. I pubanos, B.B. Konocenxo

OIHUM B3 OCHOBHBIX Tpe60BaHI/Iﬁ K YIJICPOAHBIM MaTcpuaiaM SBJIACTCA UX YHUCTOTA. B pa60Te npeacTaBJjicHa U
OKCIICPUMCHTAJIbHO MNPOBEPEHA HOBASA METOJAUKA BaKyyMHO'TepMI/I‘IeCKOI\/’I pa(bI/IHaI_lI/II/I YTJICpOAHBIX MAaTCPHUAIOB C
HCIOJIb30BAHUCM B Ka4CCTBC AKTUBATOPA NaCl. 9KCHepI/IMeHTaJILHO MOATBCPIKACHO, YTO HCIIOJB30BAHHC TaKOH
METOAUKHU TIO3BOJISACT IIOBBICHUTH 3(1)(1)6KTI/IBHOCTL U  YMCHBIIMTL OHEPrOCMKOCTb IIPOLECCOB pa(l)I/IHaI_lI/II/I.
HpeﬂﬂO)KeHHaﬂ METOAWKAa MOXKET CTaTbhb a.HLTepHaTPIBOﬁ COBPEMCHHBIM MCETOAAaM XJIOp- H Q)TOpTepMI/I‘IGCKOI\/'I
pa(bI/IHaLU/II/I, TEM CaMbIM IMO3BOJIMT UCKIIOYUTH UCITIOJIB30BAHUE BPEAHBIX U OTTACHBIX PC€AarcHTOB.

BAKYYMHA BUCOKOTEMIIEPATYPHA PA®IHALISA BYIVIEHEBUX MATEPIAJIIB
I3 BAKOPUCTAHHSAM ITAPIB NaCl B SIKOCTI
TPAHCIIOPTHO-PEAKINIMHOI'O CEPEJIOBHUIIIA

A.B. Kpasuoes, 1.B. I'ypin, A.M. Bykonoe, I0.A. I pubanos, B.B. Konocenko

OnHi€l0 3 OCHOBHMUX BHUMOI JO BYIJICLEBHX MatepianiB € ix uucrora. B poboti mnpexacraBneHa Ta
EKCIIEPUMEHTAILHO TepeBipeHa HOBAa METOAMKA BaKyyMHO-TepMiuHOi padinamii ByrjeneBHMX MarepiaiiB 3
BUKOpHCTaHH:M B sikocTi aktiuBaropa NaCl. EkcriepuMeHTa IbHO MiATBEPAKEHO, 1110 BUKOPUCTAHHS TAKOT METOIUKU
JIO3BOJISIE MIIBUIINTH €(EKTUBHICTh Ta 3MEHIINTH €HEPrOEMHICTh NpoleciB padiHamii. 3anponoHOBaHa METOMKA
MOXE CTaTH aJbTEPHATHBOIO CYYaCHHUM METOJlaM XJIOp- Ta (roprepmiuHol padinamii, THM caMUM J03BOJHTH
BUKITFOYUTH BUKOPUCTAHHS IIKIIJIMBUX Ta HeOE3MEUHUX PEarcHTiB.



