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ABSTRACT. The work presents full thermodynamic analysis (FTA) of the B-O-C system at atmospheric
pressure and in vacuum for the reaction 2B2O3 + 7C = B4C+6CO. The main results of FTA are plotted
in graphs. Comparative analysis of the obtained results shows that carbon reduction of B2O3 occurs at
much higher temperature at atmospheric pressure than similar processes conducted in vacuum. © 2014
Bull. Georg. Natl. Acad. Sci.
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Production of composite and nanostructural ma-
terials in most cases is realized through the reactions
connected with reduction of oxides. Study of the proc-
esses of this type is one of the main tasks of theoreti-
cal and applied metallurgy.

Recent years are marked with intensive develop-
ment of the research of chemical and phase equilib-
rium in multicomponent and multiphase systems with
the use of computer simulation technique (full ther-
modynamic analysis – FTA) [1–2]. In particular, great
is the interest toward applying this approach [1] to
study the processes of producing composite and
nanostructured materials.

It should be noted that the proposed method
(FTA) gives an opportunity to control not only equi-
librium conditions of the proceeding processes in
the system, but also the mechanism of interaction of

components in complicated systems, and to correct
the structure of a final product.

The paper presents full thermodynamic analysis
(FTA) [1] of interaction of B2O3 with carbon at atmos-
pheric pressure and in vacuum. The data on FTA of
the considered system have not been found in the
appropriate literature. Hence, the results of research
of this specified system are of great interest.

Materials and Method
Initial compositions of the investigated system are in
compliance with stoichiometry of the following reac-
tion:

2B2O3 + 7C = B4C+6CO.
Among the possible condensed components: C,

B, B2O3, B4C were considered among gaseous ones -
O, O2, O3, B, B2, BO, BO2, B2O, B2O3, C, C2, C3, C4, C5,
CO, CO2, C2O, C3O2.
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The main results of FTA have been plotted in
graphs.

Fig. 1 shows the results of FTA at general atmos-
pheric pressure. Reduction is observed above ~ 1600
K with formation of boron carbide (B4C), the content
of which increases up to ~ 1900 K reaching the maxi-
mum at ~ 21 mass %; above this temperature the
content of boron carbide slightly changes. The con-
tent of condensed B2O3 sharply decreases starting
from ~ 1600 K and at ~ 1900 K completely disap-
pears.

The content of condensed carbon sharply de-
creases starting from ~ 1600 K and at ~ 1900 K it
reaches 1 mass %; above this temperature it is con-
stant. Condensed boron (~ 3-4 mass%) is precipi-
tated in the system above ~ 1700 K.

Fig. 1 also shows traces of CO appearing in gas-
eous phase at ~ 1600 K and sharply increasing up
to ~ 2000 K; above this temperature CO remains
constant allowing us to assume that the process of
reduction comes to an end at ~ 2000 K.

Fig. 2 presents TA of the reaction (1) in vacuum
(~ 1,33·10–6 MPa) within the temperature range of
1000-2500 K. Reduction of B2O3 starts at ~ 1150 K;
content of B2O3 in the system decreases with the
temperature increase and at ~ 1300 K completely
disappears. Simultaneously, precipitation of B4C in

the system starts at ~ 1150 K; its content sharply
increases to ~ 1300 K and remains constant up to
~ 2000 K. Above this temperature the content of B4C
decreases and at ~ 2500 K completely disappears. The
content of condensed carbon sharply decreases start-
ing from ~ 1150 K and at ~ 1300 K reaches 1 mass %;
above this temperature the content of carbon remains
unchanged. Condensed boron (~ 3-4 mass%) is pre-
cipitated in the system above ~ 1250 K.

Fig. 2 also shows the existence of CO in gaseous
phase detected at ~ 1150 K; content of the gaseous
phase sharply increases to ~ 1300 K and above this
temperature remains constant.

Hence, we assume that the process of reduction
comes to an end at ~ 1300 K. Above ~ 2000 K boron is
released in a gaseous phase; content of boron sharply
increases and at ~ 2500 K reaches ~ 18 mass %.

Comparing the results of thermodynamic analy-
sis of the reduction processes we can conclude that
carbon reduction of B2O3 occurs at much higher tem-
peratures (~1600 K) at atmospheric pressure than simi-
lar processes conducted in vacuum (~1150 K): B2O3

disappears in the system at ~1900 K and at ~1300 K,
respectively. In both cases, reduction starts with the
precipitation of B4C. Precipitation of boron in gaseous
phase in vacuum starts at ~2000 K and at ~2500 K its
content reaches 18 mass %.

Fig. 1. Temperature dependence of the content of
components at atmospheric pressure for the
reaction: 1 –  B4C(c), 2-B(c),  3 – B2O3(c),
4 – C(c), 5 – CO(g).

Fig. 2. Temperature dependence of the content of
components in vacuum (0,0001atm) for  the reaction:
1 – B4C (c), 2 – B(c), 3 – B2O3(c), 4 – C(c), 5 – CO(g),
6 – B(g)
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fizikuri qimia

B2O3-is naxSirbadTan urTierTqmedebis
Termodinamikuri analizi

j. baRdavaZe*, q. ukleba*, z. wiqariZe*

* f. TavaZis metalurgiisa da masalaTmcodneobis instituti, Tbilisi

(warmodgenilia akademikos g.cincaZis mier)

Sesrulebulia B-O-C sistemis sruli Termodinamikuri analizi atmosferul wnevaze
da vakuumSi Semdegi reaqciisaTvis: 2B2O3+7C=B4C+6CO. analizis ZiriTadi Sedegebi
yvela SedgenilobisaTvis warmodgenilia diagramebis saxiT (komponentebis Sedgenilobis
temperaturisagan damokidebuleba 1000-2300 K intervalSi).
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