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Abstract

Na20-BaO-B203-SiO2 system have acquired recently the functions of initial
system of receipt of materials (wares) obtained using more than one innovative
technology. Without materials of various purposes obtained on the basis of this system
is impossible to get the composites, which simultaneously provide high strength, heat
conductivity, resistance, heat-resistance, thermal stability and corrosion resistance.

Many types of brand new materials — ceramics, glass ceramics, macro-, micro
and nanocomposites, vitreous and vitro-crystalline materials of different purposes are
obtained on the basis of this system.

Using this system a certain success is achieved via multiyear energy-, material-
and labor-consuming researches, practical application of which took another 20 or
even more years.

The basic reason of it is that today there are no sufficient data on possible
interactions between components of Na2O-BaO-B20s3-SiO2 system under the influence
of temperature, as well as there are no reliable means of forecasting of obtained
products, among which the possibilities of chemical thermodynamics are
distinguished by high efficiency.
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The presented work is devoted namely to assessment-determination of physical-
chemical processes taking place during thermal processing of compositions entering
into this system and of phase composition of products obtained as a result of these
processes, using the of fundamental principles of chemical thermodynamics, phase
equilibrium and petrochemical means.

Internationally recognized research methodology is used in order to achieve this
objective. It consists of critical examination of data available from information
sources, on the basis of which specific tasks are formulated. Among them are:

creation of package of possible interactions between components entering
into system;
establishment of database of thermodynamic parameter of these components;
determination of temperature and output quality of energetically profitable
interactions;
assessment of sequence of reactions taking place in these compositions at
different temperatures and products obtained as a result of these reactions;
experimental check of theoretically predicted results.

Study of possible reaction in compositions has established more than 200
interactions, which are possible in 10-10 two- and three-component systems entering
into the system under investigation. Thermodynamic parameters of reagents and
products participating in more than 40 reactions of mentioned package turned out to
be undefined. For their determination have been used the methods of additive system
of structural analogy and structural ingredients offered by GTU employees, and in one
case (series of barium silicates) a graph method of plotting a following dependencies
“thermodynamic parameters — oxides ratio”. It was determined via this method that
some barium silicates are not individual substances, but solid solutions.
Thermodynamic parameters of up to 20 compounds have been established in total.

On the basis of database of thermodynamic parameters of substances entering
into reaction and via realization of method of minimization of Gibbs free energy has
been established a package of profitable reactions. Their number turns out to be close
to 50.

For determination of specific compositions have been selected the ones, which
completely cover the area of receipt of amorphous materials according to their
composition. Three such compositions have been discovered. Assessment of these
compositions and products obtained via their thermal processing, with the use of
thermodynamic-petrochemical approach, taking into account some assumptions, gives
us an opportunity to divide into three stages the suggestions related to temperature
sequence of processes taking place in researched compositions and products obtained
as a result of them:
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low-temperature stage (298-773K), where buildup and structural formation
of sodium borates is dominant;

medium-temperature stage (773-1173K), where activation of interactions
between all components entering into system with buildup of sodium and
barium borates, silicates, borosilicates and eutectics is observed;
high-temperature stages (1173-1573K) — stage of opening of residual
crystalline phases, treatment and uniforming of melts.

Experimental check of results obtained by forecasting shows satisfactory fit
between theoretically predicted events and experimentally obtained data.

The checking has also manifested that a variety of possible processes, which in
fact have no influence on suggestions expressed regarding receipt of end product, but
have certain impact on phase composition of intermediate products. was not taken
into account during forecasting,

In author’s opinion obtained results will promote physical-chemical analysis of
Na20-BaO-B203-Si0O2 system and even more complicated systems and on this basis the
creation of multifunctional borate, silicate and borosilicate composites without
material-, labor and significant energy consumption.

30



