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Fig. 1 Calculated oxygen nonstochiometry (3-8)
and averaged valence number of manganese ion (n)
in @-SrMnOz (4H-structure) and B -SrMn0z(perov-
skite structure) compared with experimetal results
by Kuroda et al.®*’ and Negas.?®’

DENKI KAGAKU

54 FERERE~ENTELEERVWELTVS
M., JCTRERAL

3. 2 SrO—MO K2 xRIRER

SrMnOs BA D&M+ ~TELILEYME LT
ik ->7%o a-SraMnO4. B-S12MnO4, Sr3Mn207
OHEM%E Table liL;RTe CHSDST0-Y » FHilO
HERILMOBRNFHBOBRBE L L2 -TH P LI VR
HEFEOHMEEER L, $78bB, KaNiFs BLA
MicowTd (NAEFARICEELzALF-—BIL 3
YRZAERFEROVWTROLIEBELZ S B, 1Y

8 = 3{-65 + 400 (1 - t)} kJ/mol (4)

RELtRIBRMEEREACTEHE LAKNIF, B{L
BYTH D0 £ SraMn207 DHEEIR Y - TRERRA
TEZ503Sr0-Ti0 %2V DEEEER LT

Sr2TiO4 + SrTiOz = SraTisO0 (5)
ArG'(5) = -10 kJ/mol (6)

Mn Yo FHITIE, SIMneOsDEEBHREE LT
A2, BETIZa-STMn03&EMn304s KRBT 5, &
ORREHNELEATE S LIS TMns0s DB
THHE L

FHEBICIES EZERD1833 K TMnszO 3BT 20
SrMnO3z REIRDOFEY EXEH 2000 K THEET 5,
WEIIFI1600 KCTHET 2, COMBOREFEERER
ROLHIIELTRDT,

(1) SrO-MnOx¥E2 xRicHN 2B DOMn DX

2600 1T L —

Liquid
22001 b

~ 1800
~

K
I}
MnjnoA X I

SraMnQ,

16400+

#-SrMn0y _g

SrMn30g

oool——+ i T B
0.0 0.2 0.4 0.6 0.8 1.0

$r0 ¢ V3Mng0,

Fig. 2 Calculated phase diagram for Sr0-Mn304
pseudobinary system in air. The averaged valence
number of manganese ions is not necessarily
constant. SraMn207 and Sr4Mn30Oie phases are
neglected.
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Table 1. Thermodynamic properties of individual compounds(c), solid solutions{sol) and liquid solu-
tion(l) used in the present study. Solid solutions are represented as ideal association solutions
consisting of listed constituents. Liquid solutions are represented as subregular solutions among
listed binary oxides (interaction parameters between these oxides are given in Table 2).
Quantities, a to d, are coefficients for the following heat capacity equation:

Co / J KV mol™' = a + b%1073 T/K + c#10% (K/T)2

substance state _ArH’ S a b c
Kl mol'T T K Tmol ! Remarks
SrMna0s c -2208. 30 231.5 232.13  36.96 -38.89 melting point = 1488 K
a -SraMn04 c -1871. 8 169. 85 166.85 25.22 -25.58 low temperature phase
a -SrMn0s soll -1258.5 107. 5 117.03  18.47 -19.72 4H structure(low temp. phase)
SrMn0z2.s  soll  -1169.0 95.0 107.87  16.00 -15.44 Mn(II1) + oxygen vacancy
perovskite
B -SrMn0s sol2 -1233.03 117.5 117.03 18.47 -18.72 normal perovskite
SrMn0z2.5 sol2 -1158.03 110.0 107.87 16.00 -15.44 Mn(111) + oxygen vacancy
B -Sr2Mn04 sol3 ~1868.0 171. 85 166. 85 25.22 -25.58 KoNiF4-type(high temp. phase)
LaSrMn04  sol3 -2065.0 179.0 167. 17 28.26 -22.11 Ma(lIl1)
Laz2Mn04 sold -2178.9 187.0 167. 49 21.29 -18.76 Mn(ID)
SraMn207  sold4  -3111.0 289,35 283.88  43.69 -45.30 a Ruddlesden Popper phase
LaSroMn207 sold  -3333.1 299. 4 284,20  46.09 -45.33
LazSrMn207 sold  -3500.1 309.5 284.52  48.48 -47.75
LasMne0O7  sold  -3614.0 317.5 284.84 37.79 -35.07
liquid*?
Sr0 1 ~535.0 55.3 66.9 oxide liquid solution
Mn0 1 -362.3 54.74 60. 7
MnO1.s 1 -439.6 64.68 74.6

*! interaction parameters among oxides are given in Table 2.
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Table 2. Interaction parameters (w = AaixH /
x(1-x)) among Sr0O, MnO and MnO;,s composing
oxide melts.
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Fig. 8 Calculated phase diagram for Sr0-MnsD4-
La20a system at 1673 K and P(02) = 0.213 bar.
Ruddlesden-Popper series compounds {{La, Sr)Mn0s,
(La, Sr)3Mn207 and (La, Sr)2MnO4} are shown as solid
lines and other individual compounds are shown as
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Fig. 4
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Fig. 4 Phase relations associated with A-site deficient perovskite phase {(compare with Fig. 3):
a) at 1673 K in air, b) at 1273K in air. Both (La, Sr)aMn207 and (La, Sr)zMnO4 phases are treated
in the same manner as in Fig. 3. The stable composition region of the perovskite phase is
characterized in terms of A-site deficiency and Sr substitution ratio.
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Fig. 5 A-site occupancy (y), oxygen nonstoichiometry (3-J) and averaged valence number of manganese
ions (n) in A-site deficient (La1-xSrx)yMnOs-4 perovskite. a) at 1673 K, b) at 1273 K in air.

Lines Al and A2 represent the upper and lower bounds of the perovskite phase and the shaded area between
lines A3 and Al represents the composition region in which the perovskite can react with YSZ.
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Fig. 7 Calculational results of reactions between

YSZ{(Zr02)e.8a(Y01.5)e.17} and (Lai-xSrx)Mn0s with

ghe nominal stoichiometric composition at 1673 K

in air.
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Fig. 8 Phase relations between perovskite phase
and Sr0-MnOx liquids as a function of temperature.
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abstract

The investigations have been made to clarify the thermodynamic stabilities of

fanthanum strontium manganite electrodes against reaction with Zr02 in a high tempe-

rature solid oxide fuel cell. Phase relations in the Sr0-Mn304-La203 system have
been first calculated from the estimated thermodynamic functions for the nonstoichio-

metric perovskite phase and other Ruddlesden-Popper phases as well as Sr0-MnOx liquid

solutions. The stable composition region of perovskite phases (A-site occupancy

oxygen nonstoichiometry and averaged valence number of manganese ions) has been then

derived as functions of St composition and temperature. Based on these equilibrium

properties, the thermodynamic stability of interface between electrolyte and electrode

have been discussed in terms of the formation of LazZr207 or Srir0s.





