The Korean Journal of Ceramics, 4 [3] 204 - 206 (1998)

Free Energy of Formation of BaThQO,; from E.M.F. Measurement

8. H. Choi, H. D. Baek®, J. 5. Hwang** and C, 0. Park

Department of Muoterials Science and Engineering,

Eorea Advanced Institute of Science and Technology, Taejon, Korea
*Department of Materials Science and Engineering, Hong-ik University, Korea
®*Department of Chemistry, Taejon University, Tagon, Koren
(Received May 4, 1998)

The Gibbs free energy of formation of BaThQ; from elemental oxides has been measured at temperatures between
853 and 903 K using a CalF, solid electrolyte galvanic cell. The galvanic cell consisted of Pt, 0., CaO+CaF, || Caks |
BaThO:+ThO.+BaF., 0., Pt EMF gave the standard Gibbs free energy for the reaction CaF.+BaThO.,=Ca0+BaF.+

Th. as AG'=123111.031-117.597 T (J /mol}.
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1. Introduction

B aThQ, is known to be an excellent proton conductor
which is a potential candidate for the electrolyte of
hydrogen concentrators and fuel eells. BaThO, is usually
formed hy the canventional ceramic processing method
calcining the corresponding oxides, ecarbonates or ni-
trates, etc. at elevated temperalures (>1100°C)."" The
anticipated applicable temperature of this material is in
the range of 500 to 1000°C. At these temperatures, the
kinetics of solid-state processes are very sluggish due to
the fact that the cation diffusion coefficients of most
perovskites oxides are extremely small.” Thus, re-
pardless of the thermodynamic stability, these materials
are generally expected to be kinetically stable at work-
ing temperatures. Even so, it would be of much value to
know if this material is thermodynamically stable over
the temperature range of interest. In this study, we det-
ermined the free energy of formation of BaThQ, at high
temperatures using galvanic cell method.

II. Materials

The reference electrode pellet was prepared by heating
a compacted mixture of 80 wit% Ca0 and 20 wt% CalF,
at 1273 K for 12 hr under dry oxygen atmosphere.”
BaThQ, was prepared by mixing ThO, and BaCO, in the
stoichiometric proportion and heating in a furnace at
1673 K. BaThO, is known to have an orthorhembie strue-
ture and it's x-ray diffraction data has also been re-
ported by other researcher.” The working electrode was
composed of an equimelar mixture of BaThQ,, ThO, and
BaF; that had been heated in a furnace filled with dry
oxygen at 973 K for 48 hr. Because the phase diagrams
of the compounds for the working electrode are not
available yet, each phase was examined by XRD afier
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heat treatment. CaF, powder was pressed and sintered
under a highly dried argon atmosphere at 1373 K for 12
hr. During sintering, each ambient gas was passed
through traps to obtain dry, CO;-free pages. These traps
were composed of P,();, ascarite and H,80,.

IIl. Experimental procedures

The golid electrolyte pellet of caleium fluoride was
sandwitched between the reference and the working elec-
trode of the cell. Each pellet was polished with sand-
paper to improve electrical contact between them. Pla-
tinum wire was used to connect the platinum gauze to a
high-impedance voltmeter. The whole cell assembly was
placed inside a quartz tube as shown in Fig, 1. The tem-
perature of the cell was monitored using a K-type
{chromel/alumel) thermocouple which was positioned
near the galvanic cell. The EMF of the cell was measur-
ed using a Keithley 617 digital electrometer of which the
input-impedance is 10" €& The most important thing in
the operation of this eell was how to get rid of the CO,
and H,0 impurity in the gas phase. Moisture reacts with
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Fig. 1, Schematic diagram of galvanic cell.
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the fluoride electrolyte to form the corresponding oxides
on the surface of the cell. The reference electrode also
reacts easily with CO; and H,O in the gas phase, leading
to unsteady EMF values. The reversible EMF values of
the cell were measured in the temperature range of 853-
903 K. The reproducibility of the EMF values was check-
ed by a thermal cyele.

IV. Results and Discussion

Fig. 2. shows the EMF values of the galvanic cell vs.
temperature (K). The EMF values of the cell maintains
equilibrium for 7 days and dropped slowly. The cell con-
struction is as follows.

0,, Pt, Ca0 + CaF, || Cal, | BaThQ; + ThO, + BaF., Pt, O,

The half-cell reactions are as follows:
At left side (the reference electrode),

CaF, + 1/20.(g) + 26 = 2F, + Ca0 (1)

2F transport through the electrolyte(CaF,) to the right
side.
At right side (the working electrode),

BaThQ, + 2F =Bal', + 2e + 1/20,(g) + ThO , (€]

Thus, the reference electrode becomes positive and the
working electrode hecomes negative provided the overall
reaction is thermodynamically favorable, The value of
EMFs vs. T(K) can be fitted to a linear equation

E=-0.3011 +0.5795 x 10° T(V)

In terms of these EMF values, the Gibbs free energy of
the reaction,

CaF; + BaThO; =Ca(0 + BaF; + ThO, 3

is given hy the equation AGg=-2EF = 58110.830-111.844T
(f/mol) where F' is the Faraday comgtant. The (ibbs free

230 -
2251
2201 (]
215 |
L -
- 210 L
E L
LEL 205 |- s Linear Regression for EMF vs Temperalura:
ol [ E=A+B~T
L
200 - Darameter Value Frror
] 4 -301 10615 50 26058
195 L B 05795 Q05972
[ ] 50 M
=T CN
Lot 1 U N R B

L " 1 " 1 1 1
840 850 BG60O B70 8380 890 900 910 920 930 940
Temp { K)

Fig. 2. Experimental EMF versus temperature.
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energy change for the reaction,
Ca0 +BaF,;=Ba0 + CaF, (4)

can be obtained by using the data reported elsewhere®
as

AR =65000.2 - 5.757" &J { mol)

From the reactions (3), (4) and the Gibbs free energy of
the reaction (5)

BaThO,=Ba0 + ThO, (8)

is given by AG'y = AG s, + AG,=123111.031 - 117.5977F (J/
mal}

The equilibrim temperature for the coexistence of
BaThQ,, Ba0, ThO, is obtained when AG'y =0, This tem-
perature is 1046 K or 773°C. Thus, BaThQ, is stable
with respect to the individual oxides at the temperature
below ~773°C. Above this temperature, BaThO, is ex-
pected to decompose into BaO and ThO,. There are no
other thermodynamic data for the compound BaThO,

" against which the results of this study can be compared.

The calorimetric studies of the formation of BaThO,, or
heat eapacity measurement as a function of temperature,
can confirm the results obtained in this study. Our data
was cross-examined roughly by using another simple
method, ie. in sifu high temperature-XRD analysis of
the warking electrode compounds in the range of room
temperature to 800°C. Fig. 3. shows the XRD patterns of
the working electrode. As i3 seen, the peak intensity of
BaThO), decreased appreciably at 700~800°C(973~1073 K)
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Fig. 3. XRD data of working electrodes at various tem-
peratures.
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compared to those at other temperatures and the peak
intensity of the ThQ, phase sharply increases. These
results seem to support our esperimental observation.
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