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The work was aimed at the thermodynamic estimation of the possible existence of ternary

compound Âa3ÑîAl4O10 in the BaO–CoO–Al2O3 system. To this end, the composition of

the expected ternary compound was calculated considering that this compound should be

located in the ÑîÀl2O4–Âa3Àl2O6 conode. With reference to this, the temperature and the

eutectic composition in the binary section of ÑîÀl2O4–Âa3Àl2O6 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 Âa3ÑîAl4O10 compound was determined for the

range of 800 to 2000 Ê. The probability of the Âa3ÑîAl4O10 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 Âa3ÑîAl4O10

formation from binary compounds ÑîÀl2O4 and Âa3Àl2O6 was estimated. The possible

formation of the ternary compound from Âa3Àl2O6, ÂaÀl2O4 and ÑîÎ was also considered,

because the Âa3ÑîAl4O10 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 BaÎ–CoO–Al2O3 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 BaÎ–CoO–Al2O3 was performed using

thermodynamic method of analysis [1]. We analyzed
the solid-phase reactions in the BaO–CoO–Al2O3

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–BaAl2O4–
CoAl2O4 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 Ña3ÑîAl4O10 is
feasible in the calcium-containing system
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ÑaO–CoO–Al2O3, therefore it was assumed that the
ternary compound Âa3ÑîAl4O10 can exist in the
ternary system BaO–CoO–Al2O3. Hence, the
purpose of this research was to ascertain
thermodynamically the possibility of the existence
of a ternary compound Âa3ÑîAl4O10 in the BaO–
CoO–Al2O3 system.

Results and discussion

We calculated the composition of a presumptive
ternary component positioned in the ÑîÀl2O4–
Âa3Àl2O6 conode. In this connection, we determined
the temperature and eutectic composition in the
binary section ÑîÀl2O4–Âa3Àl2O6. 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 ÑîÀl2O4–Âa3Àl2O6

section is similar to that of a ternary component
(Âa3Àl2O6 85 wt.% and ÑîÀl2O4 15 wt.%). Hence,
the melting temperature of the ternary compound
Âa3ÑîAl4O10 is close to that of the eutectic in the
binary section ÑîÀl2O4–Âa3Àl2O6; it is equal to
1946 K.

Due to the lack of literature data on the basic
thermodynamic characteristics of the ternary
compound Âa3ÑîAl4O10, 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 Âa3ÑîAl4O10 compounds from simple

oxides was stated to be H0
298=–5358.4735 kJ/mol.

The standard entropy of the Âa3ÑîAl4O10

compound was calculated using the methods
developed by Yatsimirsky et al. [6]. The standard
entropy of the ternary compound under consideration
was S0

298=171.9 J/molK.
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 ÑîÀl2O4–Âa3Àl2O6

section equal to 1946 Ê, 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:

Ñð=256.22+147.5510–3Ò–27.4105Ò–2

Figure 1 illustrates the obtained dependence
«heat capacity vs. temperature» for the Âa3ÑîAl4O10

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 Ê for the reaction of formation of the
Âa3ÑîAl4O10 compound. The Âa3ÑîAl4O10 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 Âa3ÑîAl4O10 from binary compounds
ÑîÀl2O4 and Âa3Àl 2O6. We also took into
consideration the possible formation of the ternary

Fig. 1. Calculated heat capacity vs. temperature dependence for the Âa3ÑîAl4O10 compound
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G, kJ/mol 

Reaction number Temperature, К 

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 

 

Calculated changes of Gibbs energy for the reactions of Âa3ÑîAl4O10 formation

b

Fig. 2. Calculated Gibbs energy changes vs. temperature dependences

a
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compound from Âa3Àl2O6, ÂaÀl2O4 and ÑîÎ. The
chemical reactions for which the calculations were
performed are summarized below:

1) 3BaÎ+CoO+2Al2O3=Ba3CoAl4O10;
2) 3BaCO3+CoO+2Al2O3=Ba3CoAl4O10;
3) Ba3Al2O6+CoAl2O4=Ba3CoAl4O10;
4) 3BaCO3+CoO+2Al2O3=
    =Ba3Al2O6+CoAl2O4+3CO2;
5) Ba3Al2O6+3BaAl2O4+2CoO = 2Ba3CoAl4O10.

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 Âa3ÑîAl4O10 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 Âa3ÑîAl4O10 is thermodynamically
impossible from ÑîÀl2O4 and Âa3Àl2O6 as initial
reagents.

Our further study will be directed at the
experimental investigation of the synthesis of
Âa3ÑîAl4O10 compound in the BaO–CoO–Al2O3

system.
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ÒÅÐÌÎÄÈÍÀÌ²×ÍÈÉ ÀÍÀË²Ç ÉÌÎÂ²ÐÍÎÑÒ²
²ÑÍÓÂÀÍÍß ÒÐÈÊÎÌÏÎÍÅÍÒÍÎ¯ ÑÏÎËÓÊÈ
Âa3ÑîAl4O10 Ó ÑÈÑÒÅÌ² ÂàÎ–ÑîÎ–Àl2O3

Ã.Ì. Øàáàíîâà, À.Ì. Êîðîãîäñüêà, Î.Î. Ãàìîâà,
Î.Î. Ãàïîíîâà, Ñ.Â. Ëåâàäíà

Ìåòîþ äàíîãî äîñë³äæåííÿ áóëî òåðìîäèíàì³÷íå îö³íþ-
âàííÿ ³ìîâ³ðíîñò³ ³ñíóâàííÿ òðèêîìïîíåíòíî¿ ñïîëóêè
Âa3ÑîAl4O10 ó ñèñòåì³ BaO–CoO–Al2O3. Äëÿ äîñÿãíåííÿ ïî-
ñòàâëåíî¿ ìåòè ðîçðàõîâàíî ñêëàä òðèêîìïîíåíòíî¿ ñïîëóêè
Âa3ÑîAl4O10, ùî çíàõîäèòüñÿ íà êîíîä³ ÑîÀl2O4–Âa3Àl2O6.
Çä³éñíåíî îö³íþâàííÿ òåìïåðàòóð ³ ñêëàä³â åâòåêòèê ó á³íàð-
íîìó ïåðåòèí³ ÑîÀl2O4–Âa3Àl2O6. Ó çâ’ÿçêó ç â³äñóòí³ñòþ ë³òå-
ðàòóðíèõ äàíèõ ùîäî îñíîâíèõ òåðìîäèíàì³÷íèõ õàðàêòåðèñ-
òèê äàíî¿ ñïîëóêè, ðîçðàõîâàíî ñòàíäàðòíó åíòàëüï³þ óòâî-
ðåííÿ òðèêîìïîíåíòíî¿ ñïîëóêè, ñòàíäàðòíó åíòðîï³þ ³ êîå-
ô³ö³ºíòè çàëåæíîñò³ òåïëîºìíîñò³ â³ä òåìïåðàòóðè. Ç âèêî-
ðèñòàííÿì ìåòîäèêè Áàáóøê³íà, ðîçðàõîâàíà çàëåæí³ñòü âå-
ëè÷èíè â³ëüíî¿ åíåðã³¿ Ã³ááñà â³ä òåìïåðàòóðè äëÿ ðåàêö³é óò-
âîðåííÿ ñïîëóêè Âa3ÑîAl4O10. Éìîâ³ðí³ñòü óòâîðåííÿ
Âa3ÑîAl4O10 ðîçðàõîâóâàëè ÿê ç ÷èñòèõ îêñèä³â áàð³þ, êîáàëü-
òó ³ àëþì³í³þ, òàê ³ ç êàðáîíàòó áàð³þ ³ îêñèä³â àëþì³í³þ òà
êîáàëüòó. Êð³ì òîãî, ðîçðàõîâàíà éìîâ³ðí³ñòü óòâîðåííÿ
Âa3ÑîAl4O10 ³ç á³íàðíèõ ñïîëóê ÑîÀl2O4 ³ Âa3Àl2O6. Äëÿ á³ëüø
ïîâíîãî àíàë³çó ðîçãëÿäàëàñÿ éìîâ³ðí³ñòü óòâîðåííÿ òðèêîì-
ïîíåíòíî¿ ñïîëóêè ³ç Âa3Àl2O6, ÂaÀl2O4 ³ ÑîÎ, îñê³ëüêè ñàìå â
öüîìó òðèêóòíèêó ïðèïóñêàºòüñÿ íàÿâí³ñòü Âa3ÑîAl4O10. Ïî-
áóäîâàí³ ãðàô³êè çì³íè åíåðã³¿ Ã³ááñà ó òåìïåðàòóðíîìó ³íòåð-
âàë³ 800–2000 Ê äëÿ âñ³õ ðåàêö³é. Íà ï³äñòàâ³ àíàë³çó îòðèìà-
íèõ ðåçóëüòàò³â, çðîáëåíî âèñíîâîê, ùî á³ëüø éìîâ³ðíèì ç òî÷êè
çîðó òåðìîäèíàì³êè º óòâîðåííÿ òðèêîìïîíåíòíî¿ ñïîëóêè ç
îêñèä³â áàð³þ, êîáàëüòó ³ àëþì³í³þ, àí³æ ç á³íàðíèõ ñïîëóê.

Êëþ÷îâ³ ñëîâà: òåðìîäèíàì³÷íèé àíàë³ç, ñèñòåìà
BaÎ–CoO–Al2O3, òðèêîìïîíåíòíà ñïîëóêà Âa3ÑîAl4O10,
â³ëüíà åíåðã³ÿ Ã³ááñà, åâòåêòèêà.
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The work was aimed at the thermodynamic estimation of the
possible existence of ternary compound Âa3ÑîAl4O10 in the
BaO–CoO–Al2O3 system. To this end, the composition of the expected
ternary compound was calculated considering that this compound
should be located in the ÑîÀl2O4–Âa3Àl2O6 conode. With reference
to this, the temperature and the eutectic composition in the binary
section of ÑîÀl2O4–Âa3Àl2O6 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 Âa3ÑîAl4O10 compound was determined for the range
of 800 to 2000 Ê. The probability of the Âa3ÑîAl4O10 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 Âa3ÑîAl4O10 formation
from binary compounds ÑîÀl2O4 and Âa3Àl2O6 was estimated. The
possible formation of the ternary compound from Âa3Àl2O6, ÂaÀl2O4

and ÑîÎ was also considered, because the Âa3ÑîAl4O10 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; BaÎ–CoO–Al2O3

system; ternary compound Âa3ÑîAl4O10; Gibbs energy; eutectic.
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