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The work was aimed at the thermodynamic estimation of the possible existence of ternary
compound Ba,CoAl,O,, in the BaO—CoO—AIlLO,system. To this end, the composition of
the expected ternary compound was calculated considering that this compound should be
located in the CoAl,O,—Ba;Al,O, conode. With reference to this, the temperature and the
eutectic composition in the binary section of CoAl,0,—Ba;Al,O4 were estimated. The
standard enthalpy of the formation of the above three-component compound, the standard
entropy and the coefficients of the temperature dependence of the heat capacity were
calculated. Using the method developed by Babushkin, the temperature dependence of
the Gibbs energy for the formation of Ba;CoAl,O,, compound was determined for the
range of 800 to 2000 K. The probability of the Ba;CoAl,O,, formation was evaluated both
for its preparation both from pure aluminum, cobalt and barium oxides and from barium
carbonate, aluminum and cobalt oxides. In addition, the probability of the Ba;CoAl,O,,
formation from binary compounds CoAl,O, and Ba,Al,O, was estimated. The possible
formation of the ternary compound from Ba,;Al,Oq, BaAl,O, and CoO was also considered,
because the Ba;CoAl,O,, compound is located in this triangle. The graphs of the change of
Gibbs energy with temperature (800—2000 K) were plotted for all reactions. The obtained
results showed that the formation of the ternary compound from barium, aluminum and
cobalt oxides is more feasible from the standpoint of thermodynamics than from the
binary compounds.
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Introduction

It is known that thermodynamic analysis of
the subsolidus structure of multicomponent oxide
systems is an efficient theoretical method used for
the determination of the optimal domains that
provide the production of cementing material with
specified properties. To produce refractory cementing
materials with a high corrosion and ionizing radiation
resistances, the BaO—CoO—Al,O, system attracts
particular interest, because it includes barium
aluminates and cobalt spinel that would impart an
increased refractoriness and ionizing radiation
resistance to the developed cements. Therefore, the
study of the interaction reactions of the basic raw
components of the above ternary oxide system at
different temperatures are highly topical.

Earlier, the triangulation of the ternary oxide
system BaO—CoO—Al,O; was performed using

thermodynamic method of analysis [1]. We analyzed
the solid-phase reactions in the BaO—CoO—AIlO,
system; the geometric and topological characteristics
were given for the system and its phases. The
theoretical studies showed that an optimal domain
for the production of cementing materials with an
increased fire and ionizing radiation resistances is
circumscribed by the points of CoO—BaAl,O,—
CoAl,O, compositions, because particularly this
triangle has the largest area and corresponds to the
phases with the highest probability of the existence.
However, ref. [1] did not take into account the
availability of any other compounds, except for initial
oxides and known binary barium and cobalt
aluminates.

Meanwhile, literature data [2—4] show that the
existence of a ternary component Ca,CoAl,O,, is
feasible in the calcium-containing system
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Ca0—Co0—AlQ;, therefore it was assumed that the
ternary compound Ba;CoAl,O,, can exist in the
ternary system BaO—CoO—Al,O;. Hence, the
purpose of this research was to ascertain
thermodynamically the possibility of the existence
of a ternary compound Ba,CoAl,O,, in the BaO—
Co0O—AlL O, system.

Results and discussion

We calculated the composition of a presumptive
ternary component positioned in the CoAl,O,—
Ba,AlL,O, conode. In this connection, we determined
the temperature and eutectic composition in the
binary section CoAl,0,—Ba;Al,Oq. The temperatures
and compositions of eutectics in binary sections were
calculated using the Epstein-Howland formulas using
BINevt vl.3 software [5].

The performed calculations showed that the
eutectic composition in the CoAl,0,—Ba;Al,O,
section is similar to that of a ternary component
(Ba,Al,04 85 wt.% and CoAl,O, 15 wt.%). Hence,
the melting temperature of the ternary compound
Ba;CoAl,O,, is close to that of the eutectic in the
binary section CoAl,0,—Ba;Al,Oq; it is equal to
1946 K.

Due to the lack of literature data on the basic
thermodynamic characteristics of the ternary
compound Ba;CoAl,O,,, we calculated the standard
enthalpy of its formation, the standard entropy and
the heat capacity-temperature coefficients.

The methods developed by Morachevsy and
Sladkov [6] were used to calculate the standard
enthalpy of formation; it takes into consideration
the average gram-atomic enthalpy of the formation
of compounds of this ternary system. An average
value of the standard enthalpy of the formation of
the ternary Ba;CoAl,O,, compounds from simple
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oxides was stated to be AH%,=—5358.4735 kJ/mol.

The standard entropy of the Ba,CoAl,O,,
compound was calculated using the methods
developed by Yatsimirsky et al. [6]. The standard
entropy of the ternary compound under consideration
was AS%g=171.9 J/mol-K.

The coefficients in the equation «heat capacity
vs. temperature» were calculated using the method
proposed by Landia [7] (no polymorphic
transformations were considered for the complex
oxygen compounds consisting of solid oxides). Since
the melting temperature of the ternary compound
was not known, we approximately accepted the
eutectic temperature in the CoAl,0,—Ba;Al,O,
section equal to 1946 K, its chemical composition is
similar to that of the ternary component. The
calculations allowed deriving the following equation
for the temperature dependence of heat capacity:

C,=256.22+147.55-107-T—27.4-10>T2

Figure 1 illustrates the obtained dependence
«heat capacity vs. temperature» for the Ba,CoAl,O,,
compound.

Further, using the method developed by
Babushkin [8], we calculated the relationship of the
value of Gibbs energy in the temperature range of
800 to 2000 K for the reaction of formation of the
Ba;CoAl,O,,compound. The Ba,CoAl,O,, formation
probability was calculated both for pure aluminum,
cobalt and barium oxides and for barium carbonate
and aluminum and cobalt oxides as initial reagents.
In addition, we calculated the probability of the
formation of Ba;CoAl,O,, from binary compounds
CoAl,O0, and Ba;Al,O,. We also took into
consideration the possible formation of the ternary
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Fig. 1. Calculated heat capacity vs. temperature dependence for the Ba,CoAl,O,, compound
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Fig. 2. Calculated Gibbs energy changes vs. temperature dependences

Calculated changes of Gibbs energy for the reactions of Ba;CoAl,O,, formation

AG, kJ/mol
Temperature, K Reaction number
1 2 3 4 5
800 —6589.611 —6196.827 323.575 —6443.696 695.027
900 —6553.415 —6209.436 355.746 —6478.881 759.883
1000 —6516.119 —6220.149 388.818 —6513.068 826.665
1100 —6477.952 —6229.162 422.617 —6546.283 895.043
1200 —6439.098 —6236.635 457.002 —6578.54 964.751
1300 —6399.708 —6242.699 491.856 —6609.865 1035.57
1400 —6359.906 —6247.464 527.083 —6640.258 1107.312
1500 —6319.799 —6251.021 562.599 —6669.734 1179.824
1600 —6279.478 —6253.451 598.334 —6698.300 1252.966
1700 —6239.023 —6254.822 634.223 —6725.963 1326.623
1800 —6198.504 —6255.196 670.213 —6752.729 1400.688
1900 —6157.982 —6254.626 706.254 —6778.602 1475.070
2000 —6117.517 —6253.165 742.301 —6803.589 1549.682
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compound from Ba;Al,O,, BaAl,O, and CoO. The
chemical reactions for which the calculations were
performed are summarized below:

1) 3BaO+Co0O+2Al1,0,=Ba;CoAl,O,;

2) 3BaCO,;+Co0+2Al,0,=Ba,;CoAl,O,;

3) Ba,;Al,0O4+CoAl,0,=Ba;CoAl,O,;

4) 3BaCO;+Co0+2AL,0,=
=Ba;Al,0,+CoAl,0,+3CO,;

5) Ba;Al,04+3BaAl,0,+2Co0 = 2Ba;CoAl,O,,.

The calculated changes of Gibbs energy for the
given reactions are given in Table. The graphs of
Gibbs energy changes at the temperatures of 800 to
2000 K for all reactions are plotted in Fig. 2.

Conclusions

The obtained data showed that the ternary
compound Ba;CoAl,O,, can be formed from both
in the reactions between barium, cobalt and
aluminum oxides and in the course of the interactions
between barium carbonate and aluminum and cobalt
oxides in the entire temperature range. However,
the formation of Ba;CoAl,O,, is thermodynamically
impossible from CoAl,O, and Ba,Al,O4 as initial
reagents.

Our further study will be directed at the
experimental investigation of the synthesis of
Ba,CoAl,O,, compound in the BaO—CoO—Al,O,
system.
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TEPMOJWHAMIYHUI AHAJII3 UIMOBIPHOCTI
ICHYBAHHSI TPMKOMITOHEHTHOI CITOJTYK!
Ba,CoAl,0,, V CHCTEMI BaO—CoO—ALO,

I'M. Illabanoea, A.M. Kopozodceka, O.0. I'amosa,
0.0. I'anonosa, C.B. Jleéadna

Memoro danoeo docaidncenHs 6y10 mepmMoOUHaMiyHe OYiHIo-
GAHHA IMOBIDHOCMI [CHY8AHHA MPUKOMNOHEHMHOI CHOAYKU
Ba;CoAl0,, y cucmemi BaO—CoO—Al,0;. s docsenenns no-
CMaeaeHoi Memu po3paxoeano cKkAad MpuKoOMHOHEHMHOI CHOAYKU
Ba;CoAl0,), wo 3naxodumscs Ha konodi CoAl,0,—Ba;Al,O,.
3diticnero oyinreanHs memnepamyp i ckaadie eemekmuk y GiHap-
Homy nepemuni CoAl,0,—Ba;Al,Oy. Y 36 13Ky 3 éidcymuicmio nime-
DPAMYPHUX 0AHUX U000 OCHOBHUX MEPMOOUHAMIYHUX XAPaKmepuc-
MUK 0anoi CROAYKU, PO3PAX08AHO CMAHOAPMHY eHMANbNil0 YMEo-
PEHHSI MPUKOMNOHEHMHOI CNOAYKU, CMAHOapmHy eHmponiio i Koe-
iuicnmu 3anexcHocmi menaoeEMHocmi 6i0 memnepamypu. 3 6uKo-
pucmannam memoouxu babywkina, po3paxoeana 3aneicHicmeo ge-
AuquHu einvHoi enepeii Tib6ca 6id memnepamypu 0 peakuyii ym-
gopenns cnoayku Ba;CoAl,0,,. Hmogipnicms ymeopenns
Ba;CoAl,O,, po3paxoeysaru sk 3 wucmux okcudie bapiro, kobars-
my i anominito, mak i 3 kapbonamy 6apiro i okcudie arrominio ma
kobanremy. Kpim moeo, pospaxoeana UMOSIpHICMb YMEOPEHHS
Ba;CoAl,0,, i3 6inapuux cnoayk CoAl,O, i Ba;Al,O,. /i Girbw
NOBHO20 AHANIZY PO3eAAdanacsa UMOGIPHICMb YMBOPEHHS MPUKOM-
nonenmuoi cnoayku iz Ba;Al,O4 BaAl,O, i CoO, ockireku came 6
YbOMY MPUKYMHUKY npunyckaemocs HaseHicmos Ba;CoAl,0,,. Tlo-
6ydoeani epagiku 3minu enepeii Iiboca y memnepamypHomy iHmep-
eani 800—2000 K oas ecix peakuiti. Ha niocmasi ananizy ompuma-
HUX pe3y1bmamie, 3p06AeH0 BUCHOBOK, W0 Oinbll UMOGIPHUM 3 MOUKU
30py MEPMOOUHAMIKU € YMBOPEHHS MPUKOMHNOHEHMHOI CNOAYKU 3
okcudie bapito, Kobaremy i aroMiHilo, aHidc 3 GIHAPHUX CNOAYK.

KirowoBi ciaoBa: TepMonvHaMiyHWil aHali3, cUcTeMma
BaO—Co0O—Al,O;, TpukomiioHeHTHa criojgyka Ba;CoAl,O,,,
BiJibHa eHeprist ['i00ca, eBTeKTHKA.
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The work was aimed at the thermodynamic estimation of the
possible existence of ternary compound Ba;CoAl,O,, in the
BaO—CoO—Al,0;system. To this end, the composition of the expected
ternary compound was calculated considering that this compound
should be located in the CoAl,0,—Ba;Al, 0, conode. With reference
to this, the temperature and the eutectic composition in the binary
section of CoAl,0,—Ba;Al, O, were estimated. The standard enthalpy
of the formation of the above three-component compound, the standard
entropy and the coefficients of the temperature dependence of the
heat capacity were calculated. Using the method developed by
Babushkin, the temperature dependence of the Gibbs energy for the
Sformation of Ba;CoAl,O,, compound was determined for the range
of 800 to 2000 K. The probability of the Ba;CoAl,O,, formation was
evaluated both for its preparation both from pure aluminum, cobalt
and barium oxides and from barium carbonate, aluminum and cobalt
oxides. In addition, the probability of the Ba;CoAl,0,, formation
from binary compounds CoAl,O, and Ba;Al,O4 was estimated. The
possible formation of the ternary compound from Ba;Al,O,, BaAl,O,
and CoO was also considered, because the Ba;CoAl,0,, compound
is located in this triangle. The graphs of the change of Gibbs energy
with temperature (800—2000 K) were plotted for all reactions. The
obtained results showed that the formation of the ternary compound
from barium, aluminum and cobalt oxides is more feasible from the
standpoint of thermodynamics than from the binary compounds.

Keywords: thermodynamic analysis; BaO—CoO—AlO,
system; ternary compound Ba;CoAl,O,,; Gibbs energy; eutectic.
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