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Table 1. Thermodynamic properties of transition metal binary oxides and double oxides used in the

present stady.
Cp / J K ! mol! =

Quantities, a to d, are coefficients for the following heat capacity equation:
a + b¥107% T/K + c#10% (K/T)2 + d%1078 (T/K)2

substance state _AsH” S’ a b c d T Ay H® ref
kI mol T T K Tmol™ ! K XJ mol~!

MnO ¢ -385. 22 59, 710 46. 48 8.12 -3.68 2058 (mp)  54.4 (14)
Mn203 ¢ -959. 00 110. 50 103.06 85,06 -13.51 1350 (dp) (14}
MnO2 ¢ ~520.03 53.05 69.45 10.21 -16.23 780 (dp) (14)
LaMnO2 c -1425.10 130.5 117.35 16.50 -16.31 2500 (17)
CaMn03 c -1285.12 102.8 117.63  15.86 -27.35 1861 (dp) Est.
CaMn204 c -1714. 00 163. 45 165.52  22.63 -27.66 1700 (mp) Est.
SrMn03 ¢ -1250.03 117.5 117.03  18.47 -19.72 2013 {mp) Est.
StMn30s ¢ -2208. 30 231.5 232.13  36.96 -38.89 1488 (mp) Est
Co0 ¢ -237.94 52.97 55.10 -4.60 -1.67 5.94 2078 (mp) (18)
Co304 ¢ -891.0% 102. 50 136.65 27.53 -22.89  47.53 1220 (dp) (14)
LaCo03 ¢ ~1257.00 100. 00 -6.17 282.64  23.59 550(1tp) 0.0 (15)

c? 127.35 16.5 -16.31 1220(tp) 3.0 (15)

3 117.35 16.5 -16.31 2500 (15)
LaaCos01e ¢ -4555. 50 408. 00 402.00  54.30 -51.32 2500 (15)
Ca0 ¢ ~635.09 39.75 50. 42 4.14  -8.49 2500 (14)
Sr0 ¢ -592.00 54. 40 50,57 6.46 -10.91 2938 (np) (14)
La203 ¢ -1793.70 127.32 119.60  14.51 -13.45 2313(tp) (14)
Ir02 cubic ¢ -1079.186 61.07 68.33 9.08 ~13.44 2983 (mp) (10)
Calr0s ¢ -1776.40 100.08 119.24  12.05 ~-21.00 2640 (mp) (14)
SrZr0s ¢ -1767. 30 115.10 121.25  12.22 -21.62 2919 (mp) (14)
LazZr207 ¢ -4082. 90 238.08 256.26  32.68 -40.33 2553 (mp) (10)
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Fig. 1 Thermodynamic Reactibities of LaMnO3 and
LaCo03 with ZrQs:

(1) LaMnOs+Zr0z=1/2LazZr207+Mn0+1/40>

(2) LaCo03+72r02=1/2LazZr207+Co0+1/40>
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Fig. 2 Thermodynamic Stability of LaMnOs:The Gibbs

energy of the following reactions are plotted as a
function of temperature:
(1)  LaMnOs+
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Fig. 3 Thermodynamic Stability of LaCoOsz:The Gibbs

energy of the following reactions are plotted as a
function of temperature:

Zr0z =1/2Laz2Zrz07+Mn0+1/402 (2) LaCoOs+ Zr0z =1/2La2Zr207 + Co0+1/402
(3)  LaMnOs =1/2Laz03  +Mn0+1/402 (4) LaCo0s =1/2La203 +  Co0+1/402
(5)1/2La203+ Zr0z = La=2Zra07 (5)1/2La20s+ Zr02 = LagZraQ7
(13)1/2La203+1/2Mn203=  LaMnOs (6)" 2LaCo03 =1/2LaaCo3019+1/2Co0+1/402
(15) 1/2Mn203= MnO+1/402 (14)1/2La203+1/3Co304+1/1202= LaCo03
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when (AG2-AG*)>AGY, reaction proceeds.

Fig. 4 Schematic energetic diagram for relative
stability among binary oxides, perovskite, and
pyrochlore associated with reaction:

LaMOa + Zr02 = 1/2La2Zr207 + MO +1/402

The stability of (MO+1/402) increases considerably
with temperature.
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Fig. 5 Reaction between Zr0z and AMnOsz(A=Ca, St)
(17) 1/2CaMn03+1/2Zr0z = 1/2CaZr0s+1/2Mn0+1/402
(18) 1/2SrMn03+1/2Zr02 = 1/2S1Zr03+1/2Mn0+1/402
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Fig. 6 Thermodynamic Stability of CaMnOz:The Gibbs
energy of the following reactions are plotted as a
function of temperature:

(27) CaMn03 =1/2Ca0+1/2CaMn204+1/40¢

(28) CaMn03+1/22r02=1/2CaZr03+1/2CaMn204+1/402
(19) 1/2Ca0+1/22r02=1/2Calr0z

(23) 1/2Ca0+1/2Mn02=1/2CaMn03

(25) 1/2Mn02=1/2Mn0+1/402
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when (AGS-AG%)>AG4, reaction proceeds.

Fig. 7 Schematic energetic diagram for relative
stability among binary oxides and perovskites
associated with reaction:

1/2 CaM0s + 1/2Zr02 = 1/2CaZr0s + 1/2MO +1/402
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Fig. 8 The enthalpy of formation of transition
metal binary oxides as a function of valence
number.
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Table 2. Stability of lanthanum-transition
metal perovskites and their reactivity with Zr0Oz:
The left-hand-side marks represent their stability
at 1273 X in air, the right-hand-side ones being
their reactivity with Zr0Osz.
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Cu
Ni
Co
Fe
Mn
Cr

sintering
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ABSTRACT

The chemical thermodynamic considerations have been made to clarify the thermo-

dynamic nature of reaction of LaMOz perovskite electrodes with YSZ electrolytes. The

thermodynamic origin of driving forces of such a reaction can be atrributed to the

destabilization of unusual valence states of transition metal ions in the perovskite

structure in the presence of zirconia:

component of LaMOs perovskites to form pyrochlore~type zirconates

When zirconia reacts with lanthanum oxide

the transition

metal ions in the perovskite phase is simultaneously reduced to a lower valence

state.

The present results indicate that LaMnOz and LaCr0z are both stable against

attack by zirconia even when alkaline earth ions are substituted in perovskite

phases





