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The article discusses the physicochemical basis for the production of barium aluminate
binders, supplemented with compounds and solid solutions including cobalt oxide. The
results of calculating the temperature dependence of Gibbs free energy are presented for
model reactions simulating all possible variants of two-phase equilibria in the CoO—
BaO—Al,O, system. Using thermodynamic analysis, the stability of the terminals of the
above system is established, which makes it possible to triangulate it. The complete
subsolidus structure is presented, as well as the geometric and topological characteristics
of the CoO—BaO—AIl, O, system and its phases. The presented results of thermodynamic
analysis of solid-phase reactions involving barium aluminates and cobalt-containing oxides
allow comparing the paths of reaction phase formation of binders from various ingredients.
The article substantiates the possibility of effectively modifying barium-aluminum binders
with waste cobalt catalysts on corundum supports. These circumstances make it possible
to justify the choice of raw materials at a qualitative level, and, in combination with
calculated data on the geometrostatistical characteristics of the subsolidus structure of
the CoO—BaO—Al,O, system, to obtain technologically important information about the
features of dosage and mixing of components when fabricating the binder. The results of
this study allow reducing the number of long-duration and labor-intensive experiments
to obtain a modified binder with a target set of characteristics.
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Introduction

The physicochemical basis for the production
of barium aluminate binders have always aroused and
continue to arouse interest among many researchers
[1—4]. Such binders are attributed to hydraulically
hardening and refractory and are characterized by an
increased ability to absorb X-ray and gamma radiation
due to a significant size of the cross section for their
capture by the barium atom nucleus. It is supposed to
be sensible to expand the range of wavelengths of
absorbed radiations for the binder, including the
coverage of the microwave and radio frequency
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electromagnetic waves. It is reasonable to explore
additional capabilities of the binder in this field by
supplementing the phase composition of barium
aluminate cements with compounds and solid solutions
including cobalt oxide. Such prospects are opened
due to the analysis of obtained research data [5,6]. In
this case, the contribution made to the functional
characteristics of such specific binding properties by
the compounds and phases of the Co—O, system
should also be taken into account. This system has
been studied for a long time and continues to be
studied due to its exceptional importance for the
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production of pigments, magnetoceramic materials,
and special alloys, including ferromagnetic ones [7,8].

The most thermodynamically stable compound
in this system is cobalt oxide CoO, which has
deviations from stoichiometry due to the presence of
cation vacancies in the crystal lattice and is expressed
in the formula notation of Co,_,O, or more precisely:
Co? .5, and Co*",V,0, where V is the cation
vacancy. The nonstoichiometry parameter (x)
nonlinearly depends on the partial pressure of oxygen
and temperature, defining the semiconductor properties
(p-type conductivity) of this oxide. Information about
other oxides of this system and the resulting solid
solutions is still controversial. This circumstance is
conditioned by the thermodynamic instability of higher
Co0,0; and Co0, oxides in the low-temperature region,
and it prevents their production in pure form including
those with overall specimen dimensions sufficient for
precision studies. The Co;0, oxide has a spinel crystal
lattice structure and it is not strictly stoichiometric
due to the presence of oxygen vacancies (at room
temperatures the formula is close to that of C0;0;5,);
it crystallizes to form small cubic octahedra of black
color with a unit cell parameter of a=8.4 nm; density
of 6.17 g/cm?; at ordinary temperatures, it is a
paramagnetic (spatial group O’,—Fd3m),), undergoing
an antiferromagnetic transformation at 40 K with a
change in the spatial group to T?,—F43m peculiar to
the antiferromagnetic state [9].

It should be noted that CoO is also paramagnetic,
its Curie temperature is close to 293 K and the
transition to the antiferromagnetic state is accompanied
by a slight compressive deformation of one of the
cubic axes of the crystalline cell with a transition to
the tetragonal syngony. The parameter of the cubic
lattice of CoO, determined using the specimens with
different production histories, is varied from
a=4.2596+0.0004 to 4.270+0.002 A [9]. Accordingly,
the density of CoQ, as shown in various studies, is in
the range of 6.45—6.47 g/cm’. It is possible that the
reason for the deviations is the ability of CoO to
absorb oxygen at temperatures of 291 to 293 K up to
a composition corresponding to the Co;0, formula
with no change in the crystal lattice; and at 673 K
the transformation of CoO into Co;0O, occurs very
quickly. In addition, it is possible that CoO and Co,0,
are capable of forming solid solutions with intermediate
synthesis of compounds of variable composition that
are disproportionating when heated in the temperature
range of 1173 to 1233 K.

The circumstances noted above justify the
prospects of modifying the phase composition of the
binder with cobalt oxide CoO and compounds
containing it. It is obvious that the binder base should
be composed of hydraulically active barium aluminates

Ba;Al, O and BaAl,O,. Accordingly, it is necessary to
establish the thermodynamic stability of the noted
aluminates in two- and three-phase combinations of
barium with CoO, BaCoO, and CoAl,O, (the last
two compounds are the only ones in the corresponding
pair systems of BaO—Co0O and CoO—Co0O—AlL0,).

In addition, the results of thermodynamic
analysis of solid-phase reactions involving barium
aluminates and cobalt-containing oxides allow
comparing the paths of reactive phase formation of
binders using various ingredients. These circumstances
make it possible to qualitatively justify the choice of
raw materials, and, in combination with calculated
data on the geometrostatistical characteristics of the
subsolidus structure of the CoO—BaO—Al,O; system,
to obtain technologically important information on
specific features of the dosage and mixing of
components when obtaining the binder. Particularly
these goals are to be achieved in this study.

Experimental

Methods of thermodynamic calculations and
analysis of solid-phase reactions are described
elsewhere [10]. The initial thermodynamic data used
for calculations are summarized in Table 1.

Determination of geometrostatistical
characteristics of the subsolidus structure of the system
was performed according to the procedure described
in ref. [11]. All the calculations were done with an
accuracy of 1 J/mol, and then rounded off to
1 kJ/mol. For clarity, the formulae of compounds
were written in oxide form and with the following
abbreviations: C, B, and A stand for CoO, BaO, and
Al,O;, respectively.

Results and discussion

Solid-phase exchange reactions involving barium
aluminates and cobalt-containing oxides were modeled
and the values of changes in the Gibbs energy (AG)
at certain temperatures (T) were calculated for them.
The calculation data are presented in Table 2.

The analysis of the phase relationships in the
subsolidus of the CoO—BaO—AIl,O; system done
according to the calculation data (Table 2) shows that
the pair combination of BaAl,,0,, and CoAl,O, is
thermodynamically stable due to the positive sign of
the AG values in the analyzed temperature range for
reaction 1. Solid-phase reaction 2 (Table 2) can
proceed in a thermodynamically favorable direction;
from left to right, which is indicated by the negative
value of AG and which determines the stability of the
pair combination of cobalt and barium spinels
(CoAl,0, and BaAl,O,, respectively). The
thermodynamic preference of the pair combination
of CoO and BaAl,O, was established by analyzing the
results of calculations of AG values for reactions 3—5
(Table 2). The thermodynamic stability of the pair
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combination BaCoO, and BaAl,O, is more difficult
to establish, since by reaction 6 the coexistence of the
interaction products (CoO and Ba;Al,Oq, Table 2) is
more favorable. However, a more significant
contribution to the stability of BaCoO, and BaAlL,O,
is made by reaction 7, due to which, in the total
interaction of reactions 6 and 7, the coexistence of
the noted pair combination is more thermodynamically
favorable due to the positive sign of AG for reaction
8; and the formation of CoO and Ba;Al,O, in the
ternary combination with Ba;Al,Of is
thermodynamically unfavorable (reaction 8, Table 2).
The established thermodynamic stability of paired
combinations makes it possible to express them by
appropriate connodes in the subsolidus structure of
the CoO—BaO—Al,O; system: CoAl,0,—BaAl,,0,,,
CoAl,0,—BaAl,O,, CoO—BaAl,O,, and
BaCoO,—BaAl,O, (Figure).

The marked connodes completely triangulate the

system under study, since the missing connodes in its
concentration region, limited by the compositions of
the BaCoO,—BaO—BaAl,O, compounds, are precisely
defined by the only option for the topological closure
of elementary triangles due to the coexistence of
BaCoO, with barium aluminates: Ba,,Al,O,;,
BayAl,O,,, Ba,Al,O,,, Ba;Al,O;, Ba,Al,O, and
Ba;Al,Oq. Accordingly, all thermodynamically stable
three-phase combinations have also been established,
since they correspond to compounds whose
composition points are the vertices of elementary
triangles (Figure). The topological graph of
the relationship of elementary triangles is a straight
line, and therefore it requires no additional plotting.

Taking into account the above analysis data, we
will consider the feasibility of modifying barium-
aluminum binders with cobalt-containing compounds.
First, we would like to note that the basis for the
hydraulic activity of barium-aluminum binders is

Table 1
Initial thermodynamic data of the compound constants of the CoO—BaO—Al, O, system
)
Compound formula | —AH g, kJ/mol | S%sg, J/mol-K a & a+bTJl::11;)3, Vmol Ifc.lofs
CoO 238.9 52.97 48.28 8.535 1.67
BaO 558.15 70.29 53.30 4.35 8.3
a-AlLOs 1675.61 50.92 114.77 12.08 35.44
CoAl,O4 1948.9 101.7 161.17 32.97* 30.32
BaCoO, 837.13 123.08 78.99 38.34 4.49
BaAl,O, 2334.17 123.43 148.32 35.44 29.25
BasAl,O¢ 3537.91 267.78 247.86 48.53 17.41
BaAl;,0y9 10740.33 376.56 738.22 70.50 221.75
Ba,Al,O, 4014.49 329.99 275.85 56.89 23.33
BasAl,Oq 4569.03 427.82 298.73 123.87 15.51
Ba;Al, O 5689.5 567.66 374.18 164.90 14.03
BagAl, Oy, 6238.10 611.68 441.99 96.23 25.31
Ba;(ALO,; 7350.52 778.85 478.25 226.40 12.24
Table 2

Values of change in Gibbs free energy as a function of temperature for model reactions in the CoO—BaO—Al, O, system

Reaction Reacion AG, kJ/mol at different temperatures

number 1000K | 1200K | 1400K | 1600 K | 1800 K
1 BA4+CoA=7A+BCo 125 126 127 128 129
2 BA¢+5C0o=5CoA+BA —129 —-130 —132 —138 —146
3 BA¢+5BCo=5Co+6BA —268 -262 —257 -251 —244
4 BCo+CoA=2Co+BA —28 =27 -25 -23 -20
5 2Co+3BA=2CoA+B;A 41 37 33 28 23
6 2BCo+BA=2Co+B;A —14 —-16 -17 -17 —-16
7 3BCo+BA=3Co+B4A 121 125 130 138 147
8 5BCo+2BA=5Co+B;A+B,A 107 109 113 121 131

Note: * — C, B and A stand for CoO, BaO and Al,O,, respectively.
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Phase relationships of the CoO—BaO—Al,O; system with the
indicated trend of the analyzed reactive phase formation
(shown by the dotted line). The concentration region of the
target combinations of binder phases is grayed out

provided by the combination of Ba;Al,O, and BaAl,O,.
Obviously, these compounds, in pair combination or
separately, must be present in the modified binder.
Therefore, the phase composition of the modified
binder must be in the concentration region of one of
the four elementary triangles: BaCoO,—Ba,Al,O,—
BaAl,O,, BaCoO,—BaAl,0,—Co0O, BaAl,0,—CoO—
CoAlO,, and BaAl,0,—CoAl,O,—BaAl,O,,. Note that
the Ba,AlL O, content should be limited due to a sudden
deterioration in the manufacturability of the binder
[12].

When preparing a charge for a binder based on
the precursors of individual oxides, it is impossible to
ensure a sufficiently high yield of the target phases
during a single firing due to a significant number of
side solid-phase reactions. This statement is
substantiated and becomes clear based on consideration
of the path of shift of the initial oxides to a point of a
given phase composition, belonging to one of the
four elementary triangles above. In particular, the
path from BaO to the elementary triangle of Ba-
Co0,—Ba;Al,0,—BaAl,O, crosses six connodes, and
it corresponds to the behavior of solid-phase exchange
reactions with the formation of BaCoO, in
combinations with appropriate barium aluminates. The
resulting barium aluminates are by-products and must
also shift to the specified phase composition of the
binder during the firing process. Thus, the paths of
their intersection with connodes will also correspond
to the behavior of the solid-phase exchange reactions,
whose mechanisms differ from each other. That is
why the process of binder formation is multi-stage

and the resulting clinker will contain a significant
amount of intermediately formed phases.

Modifying the barium-aluminum cement by
adding BaCoOQ, to it with calculation of the composition
of the charge in the concentration region of the
elementary triangle of BaCoO,—Ba,Al,O,—BaAl,O, also
has disadvantages. Firstly, BaCoO, coexists with
hydraulically active compounds of barium-aluminum
cement, and it eliminates the reactive nature of phase
formation during sintering. Accordingly, it is possible
to predict only partial dissolution of BaCoO, in
aluminum-barium cement, an increase in the amount
of glass phase and encapsulation of the remaining
BaCoO, particles, the dispersion of which will be
close to the original, and participation in the processes
of hydration hardening will actually be reduced to the
role of inert filler. In addition, BaCoQO, should be
synthesized in advance and finely dispersed powder
for the charge should also be prepared in advance,
since the sources of such raw materials in finished
form are unknown to us. Similar reasons are also
peculiar for predicting the phase composition of the
binder in the concentration region of the elementary
triangle of BaCoO,—BaAl,0,—Co0. Reactive phase
formation can efficiently be arranged using BaCoO,
during predicting the phase composition of the binder
in the concentration regions of the elementary triangles
BaAl,O,—CoO—CoAl,0, and BaAl,0,—CoAl,O,—
BaAL,O,, (Figure). However, such modification
removes no questions about the preliminary synthesis of
BaCoO, and its dispersion.

The use of precursors or pure cobalt oxide as a
binder modifier with prediction of the phase
composition in the concentration regions of the
elementary triangles BaCoO,—BaAl,0,—CoO and
BaAl,0,—CoAl,0,—CoO fails to ensure the reactive
nature of phase formation due to the existence of
cobalt oxide with hydraulically active aluminum-
barium spinel and, accordingly, with BaCoQO, in the
first marked elementary triangle and with CoAl,O, in
the other. Efficient reactive phase formation can be
provided by CoO when predicting the phase
composition of the binder in the concentration regions
of the elementary triangles of BaCoO,—Ba;Al,O,—
BaAl,O, and CoAl,0,—BaAl,0,—BaAl,,O,, (the
conventional path of the phase formation in Figure
will intersect the BaCoO,—Ba,;Al,0,—BaAl,O, and
CoAlL,0,—BaAl,O, connodes, respectively). However,
the reaction interaction seems to be ensured by reaction
6 (Table 2), but it is thermodynamically unfavorable
and it is necessary to take additional technological
measures to ensure the presence of the Ba,AlQO,
impurity phase in the phase composition of barium-
aluminum cement for the development of
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thermodynamically favorable reaction 8 in the opposite
direction (Table 2). On the other hand, the presence
of BaAl,,0,, in the phase composition of the binder
is necessary, which ensures the development of reaction
2 in the forward direction of behavior (Table 2). This
circumstance also requires technological adjustment
of the phase composition of the barium-aluminum
binder.

The use of CoAl,O, as a modifier for barium-
aluminum binder also has certain limitations and
disadvantages. In particular, CoAl,O, coexists with
BaAl,;,0,, and BaAl,O,, and it will not ensure the
reactionary nature of phase formation in the
concentration regions of the elementary triangles of
CoAl,0,—BaAl,0,—BaAl,,0,, and CoAl,0,—CoO—
BaAl,O,, respectively. At the same time, such a
modifier does not seem to be very efficient in
predicting the phase composition of the binder in the
concentration region of the elementary triangle of
BaCo0O,—BaAl,0,—CoO (Figure), since for
the development of the reactive phase formation
(according to reaction 4, Table 2) the presence of
BaCoOQ, in the charge composition is necessary,
which is not technologically advanced for the
reasons already discussed. However, a more
complicated mechanism of the solid-phase
interaction is thermodynamically possible:
3 CoA+2B;A=BCo+2Co+5BA. (1)

The changes in Gibbs energy for such a reaction
will be equal to AG,y, xk=—54 kJ/mol, and
AG 500 k=31 kJ/mol.

Accordingly, CoAlL,O, can ensure the reactive
phase formation of the binder with a simultaneous
reduction in the amount of Ba;Al,O, in its composition
that greatly reduces the hardening onset time and
limits the time of use of the binder during hydration.
In addition, under conditions of incomplete behavior
of the above solid-phase exchange reaction, the
remaining CoAl,O, particles will be significantly
dispersed in the phase composition of the binder due
to chemical interaction and cobalt will be evenly
distributed throughout the volume of the binder due
to the synthesis of other cobalt-containing oxides, in
particular CoO and BaCoQ,. Moreover, the reaction
5 (Table 2) can be considered as one of the elementary
stages in the above reaction and the following reaction:
CoA+B;A=BCo+2BA. 2)

The changes in Gibbs energy for the reaction
(2) will be equal to AG,y, xk=—13 kJ/mol, and
AG 500 <=7 kJ/mol.

With respect to the above reaction, this reaction
is characterized by a reduced CoA/B3A ratio, which
makes it possible to exclude cobalt oxide from the
reaction products and predict the reactive phase
formation in the concentration region of the
elementary triangle of BaCoO,—Ba;Al,0,—BaAl0,.
Moreover, there are precursors with a significant
content of CoAl,O,, i.e. a multi-tonnage waste, in
particular cobalt catalysts on corundum carriers used
for the hydrogenation of aromatic compounds of sulfur-
containing petroleum products, for example, grade
GPS-4Sh. On expiry of their service life, such catalysts
are subjected to chemical extraction of cobalt; however,
in the case of high-temperature processes, part of the
metallic cobalt reacts with corundum to form cobalt
spinel CoAl,O, and it remains unextracted
(13 to 16 wt.% in CoO content [12]). This additional
advantage may allow for the effective modification of
aluminum barium binders. Figure shows the
concentration range of the compositions of such waste
catalysts, and the trend of reactive phase formation in
the «corridor» of the corresponding paths of
development of solid-phase interactions, covering
concentration areas in promising elementary triangles
(shaded) from the extreme points of the marked range
of compositions, the dotted line.

Further analysis of the feasibility of using waste
cobalt catalyst on a corundum carrier takes into account
the calculated geometric and topological characteristics
of the phases and the subsolidus structure of the CoO—
BaO—Al,O, system (Tables 3 and 4).

In Table 3, the promising concentration regions
of the CoO—BaO—AILQ; system (the corresponding
elementary triangles are written under numbers
7—10) cover the major part of it (total 0.76639%o0).

Table 3
Areas of elementary triangles of the CoO—BaO—Al,O,
system

Item No Elementary triangle Area %o
1 BaO—BaCoOz—BaloAIZOB 0.020453
2 BaCOOZ—Bal0A12013—BagA1201 1 0.009602

3 BaCOOZ—BagAlzol 1—Ba7A12010 0.003315

4 BaCOOZ—Ba7Ale10—Ba5A1208 0.010045

5 BaC002—B35A1203—Ba4A12O7 0.00824

6 BaCoOz—Ba4A1207—Ba3A1206 0.01277

7 BaCoOz—Ba3A1206—BaAle4 0.06156
8 BaCo0,-BaAl,0,—Co0O 0.225272

9 Co0O-BaAl,0,—CoAl,O4 0.30518

10 COO—B3A1204—B3A112019 0.153523

11 C0A12O4—BaA112019—A1203 0.19004

Total 1

Max 0.30518
Min 0.003315
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The reaction formation of the binder in the
concentration region of the elementary triangle of
BaCo0O,—Ba;Al,0,—CoO due to the modifier in the
form of waste of cobalt catalysts can only be predicted
through additional technological measures and taking
into account the rapid setting of Ba;Al,O, during
hydration hardening. The concentration region of the
elementary triangle CoO—Ba,;Al,O,—BaAl,O, has no
such restrictions, and stoichiometric relationships of
the solid-phase reaction (2) can be used to predict the
basic composition of the modified binder. This
elementary triangle is 1.7 times larger in area in
comparison to the previous one (No. 7 in Table 3),
which is positive for more rough restrictions on the
accuracy of the dosage of the initial components and
for reducing the time of their mixing. In addition, an
overdose of the modifier when predicting the phase
composition of the binder in the concentration region
of this elementary triangle near the CoO—BaAl,O,
connode can only shift the phase composition to
elementary triangle No. 9 due to the synthesis of
CoAl, O, (Figure), which can provide additional benefits
and requires experimental verification. The above
situation may occur due to fluctuations in the CoO
content in the composition of the cobalt catalyst waste
and a relatively high degree of asymmetry of the
elementary triangle No. 8 (Table 3). However, all
cobalt-containing compounds have a high probability
of existing in the subsolidus of the analyzed system
(Table 4), which is favorable for reducing the
technological risks of random deviations in their
dosage.

Prediction of reactive phase formation in the

concentration region of the elementary triangle
Co0O—BaAl,0,—CoAl, O, is possible taking into
account the stoichiometry of reaction 5 in the opposite
direction of the reaction (Table 2). This elementary
triangle has a maximum area (Table 3), but the reactive
phase formation will take place in a narrow
concentration region (the acute angle of the elementary
triangle, Figure) and high-precision dosing of the
charge components with careful subsequent mixing
will be required. Fluctuations in the CoO content in
the composition of cobalt catalyst waste can shift to
the region of elementary triangle No. 10 (Table 3),
in addition to the above-discussed shift of the phase
composition of the binder into the concentration region
of elementary triangle No. 8 (Table 3). A priori, we
have no opportunity to compare the feasibility of the
presence of CoO and BaAl,;O,y, in the phase
composition of the modified binder (elementary
triangles No. 9 and No. 10, respectively, Figure).

In the case of predicting the phase composition
of the modified binder in the concentration region of
the elementary triangle of CoAl,0,—BaAl,O,—
BaAl,0,, (No. 10, Table 3), the technological risks
when dosing and mixing the initial components are
minimal (a wide range of promising compositions,
Figure). Only a significant overdose of the modifier
can shift the phase composition to the concentration
region of elementary triangle No. 11 (Table 3), which
will be accompanied by a loss of binding abilities,
since none of the compounds (CoAl,O,, CoO, and
BaAl,;,0,y) has technologically expressed hydraulic
activity. Accordingly, the material obtained in this
case can only serve as hydraulically inert filler,

Table 4

Geometric and topological characteristics of the phases of the CoO—BaO—Al,O, system

The number of triangles | The number of phases for | Total area of existence | Probability of existence,
Compound e . . . o
with its existence its coexistence S, %o ®, %o

BaO 1 2 0.021453 0.007151
CoO 2 3 0.540452 0.180151
ALOs 1 2 0.19084 0.063613
BaCoO, 8 9 0.351341 0.117114
CoAlLO4 3 4 0.65894 0.219647
BaAl;;0y 2 3 0.36352 0.121173
BaAl,0, 4 5 0.69397 0.231323
Ba;Al,04 2 3 0.07783 0.025943
Ba;ALO, 2 3 0.02351 0.007837
BasAlLOg 2 3 0.018795 0.006265
BagALOy, 2 3 0.013914 0.004638
Ba;)ALO;; 2 3 0.030085 0.010028
Total 3 |

Max 0.69397 0.231323
Min 0.013914 0.004638
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assumingly possessing a certain range of the
electromagnetic radiation protection characteristics.

Conclusions

An analysis of literary data allowed us to
substantiate the prospects of using cobalt and cobalt
oxides for modifying materials in order to improve
their ability to absorb electromagnetic radiation in a
wide frequency range. To modify barium aluminate
binders, the equations of solid-phase exchange reactions
were made, for which the dependences of changes in
the Gibbs energy on temperature were calculated and
the most preferable ones were identified to determine
all thermodynamically stable pair and ternary
combinations of phases in the CoO—BaO—AlLOQO;
system. By analyzing the paths of reactive phase
formation with the participation of the main phases
of barium aluminate binders (Ba;AlL,O¢ and BaAl,O,)
and cobalt-containing oxides (BaCoO,, CoO and
CoAl,0,), positive and negative factors determining
the mechanism of solid-phase interactions were
identified. The use of CoAlLQ, as an effective modifier
of barium aluminate binders has been substantiated
and consideration was given to the paths of the reactive
phase formation and reaction mechanisms when using
a raw material component in the form of catalyst
waste, the phase composition of which is represented
by corundum and cobalt spinel (AL,O; and CoAl,O,,
respectively).

In the subsolidus of the CoO—BaO—AlO,
system, the most promising concentration regions for
the reaction formation of target combinations of
modified binder phases have been identified. Using
the calculated geometric and topological characteristics
of the established subsolidus structure of the analyzed
system, technological risks are shown in the accuracy
of the dosage and mixing time of the components of
the modified binder charge when predicting its phase
composition for various options of concentration
regions. The obtained research data make it possible
to reduce the number of time-consuming and labor-
intensive experiments to obtain a modified binder
with a specified set of characteristics.
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TEPMOJIMHAMIKA PEAKITITHOTO
®A30YTBOPEHHS B’SKYYOTO CUCTEMU
CoO—BaO—ALO, JUISl 3AXHCTY B
EJJEKTPOMATHITHOTO BUITPOMIHIOBAHHS

H.C. Ilanxo, I'M. Illabanosa, C.M. Jlozginkoe

VY crarti po3rsiHyTo (hi3MKO-XiMiuHI OCHOBU OJepKaH-
HS aJllOMiHaTOapieBUX B’SKYYMX, JOMMOBHEHUX CITOJTYKaMHu Ta
TBEPAUMU PO3UMHAMM, L0 BKJIIOYAIOTH OKCUI KobOaibry. Ha-
BEJIEHI Pe3yJbTaTU PO3PaxXyHKY TEeMIepaTypHOi 3aJIe>KHOCTI
3MiHM BinbHOI eHeprii [060ca misi MomeIbHUX peakiiit, 110
MOJZEJIOI0Th YCi MOXJIMBI BapiaHTM ABO(MA3HUX piBHOBAr y
cucreMi CoO—BaO—Al,O,. 3a 1ONTOMOTOI0 TEPMOAMHAMIYHOTO
aHaJi3y BCTAHOBJIEHA CTAaOUTBHICTh KOHOJ BUIIEHaBEICHOI
CHCTEMH, 1[0 JTO3BOJISIE MPOBECTH 1i TpiaHTyJsIito. HaBeneHa
rnoBHa cybcoJtinycHa OynoBa, a TaKoX TeOMEeTpO-TOMOJOriuyHa
xapaktepuctuka cuctemu CoO—BaO—AlLO, Ta i ¢a3. Pesyib-
TaTl TEPMOIMHAMIUYHOTO aHali3y TBepaodasHUX peaxiliii 3a
y4yacTIo aJlOMiHaTiB 0apilo Ta KOOAJbTBMICHUX OKCHJIB J103BO-
JISIIOTh TOPIBHSITU LUJISIXM peakiliiiHOro $a3zoyTBOpeHHS
B’SKYYOTrO 3 DPi3HMX IHTpeNi€eHTiB. Y CTaTTi OOrpyHTOBAHO
MOXJIMBICTh e(eKTUBHO MOAM(DIKyBaTH aTioMO0apieBi B’ sKyui
BiIxogaMK KOOaJIbTOBUX KaTali3aTOpiB Ha KOPYHIOBUX HO-
cistx. JlaHi oOCTaBMHM Ha SIKiCHOMY PiBHi JI03BOJISTIOTh OOTPYH-
TyBaTU BUOIp CUPOBUHMU, a Y MOENHAHHI 3 PO3PaxXyHKOBUMU
NIAaHUMU TIPO TE€OMETPOCTATUCTUYHI XapaKTepUCTUKU CyOCOo-
sigycHoi oynosu cucremn CoO—BaO—AlLO; Takox oTpumaT
TEXHOJIOTIYHO BaXJIMBY iH(MOpMAIIif0 PO OCOOJIMBOCTI 103Y-
BaHHS Ta 3MiLIyBaHHSI KOMITIOHEHTIB NP Oiep>KaHHI B’SKy4O0-
ro. Pe3ynbTatut mOCTimKEHHST TO3BOJISIOTH 3MEHIIUTHU KiJTbKiCTh
TPUBAIUX | TPYAOMICTKUX €KCHEPUMEHTIB LIOAO OJAEpXKaHHS
MOIM(}IKOBAHOTO B’SKYYOro 3 LiJIbOBUM KOMIUIEKCOM Xapak-
TEPUCTUK.

Kimouosi cioBa: tBepnodasHi peakuii, eHeprisi [i60ca,
TepMOIMHAMIYHa CTaOiIbHICTh, KOHHOMA, CUCTeMa, MEXaHi3M
B3aEMOIii, CHHTE3.

THERMODYNAMICS OF THE REACTIVE PHASE
FORMATION OF THE BINDER OF THE
Co0—Ba0—-AL,O, SYSTEM FOR ELECTROMAGNETIC
RADIATION PROTECTION
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The article discusses the physicochemical basis for the
production of barium aluminate binders, supplemented with
compounds and solid solutions including cobalt oxide. The results
of calculating the temperature dependence of Gibbs free energy
are presented for model reactions simulating all possible variants
of two-phase equilibria in the CoO—BaO—Al,O; system. Using
thermodynamic analysis, the stability of the terminals of the
above system is established, which makes it possible to triangulate
it. The complete subsolidus structure is presented, as well as the
geometric and topological characteristics of the CoO—BaO—Al, O,
system and its phases. The presented results of thermodynamic
analysis of solid-phase reactions involving barium aluminates and
cobalt-containing oxides allow comparing the paths of reaction
phase formation of binders from various ingredients. The article
substantiates the possibility of effectively modifying barium-
aluminum binders with waste cobalt catalysts on corundum
supports. These circumstances make it possible to justify the
choice of raw materials at a qualitative level, and, in combination
with calculated data on the geometrostatistical characteristics of
the subsolidus structure of the CoO—BaO—Al,O, system, to obtain
technologically important information about the features of dosage
and mixing of components when fabricating the binder. The results
of this study allow reducing the number of long-duration and
labor-intensive experiments to obtain a modified binder with a
target set of characteristics.

Keywords: solid-phase reaction; Gibbs energy;
thermodynamic stability; connode; system; interaction mechanism;
synthesis.
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