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Sintered bodies of BaM;0; (M : La, Nd, Sm, Gd, Ho or
Y) with CaFe;0 -related structure were synthesized by
sintering BaC0O3;-M;0; mixtures. The temperature de-
pendence of oxygen ionic conductivity and the relation-
ship between the ionic radius of M3 ions in B sites and
the crystal structure of BaM,0, were investigated. The
ionic conductivity type in BaM,04 was divided into two
groups; (a) BaLay0,, BaNd;04 and BaSm,0, with ord-
er-disorder transition and (b) BaGd>0,4, BaHo020, and
BaY;0, without the transition. There were vacant
spaces in the crystal structure of BaNd;0; and
BaSmy0, with order-disorder transition due to the dis-
tortion in the a-axis direction of an oxygen octahedron.
By assuming that the vacant space is an oxygen vacan-
¢y, the ionic conductivity in BaLa,04, BaNd;04 and
BaSm;0, has been explained with a model of the order-
disorder transition for oxygen vacancies without sig-
nificant shifting of cations in the crystal lattice.
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Table 1. Crystal Data and Atomic Parameter of CaFe,0,”

Dj —Pnam, a=0.9230nm, b=1.0705nm, ¢=0.3024nm, Z=4
site : 4c : x,y, V4 ; —%, -y, 3/4; 1/2—x, 1/2+y, 3/4

;1/2+4x, 12—y, 1/4
atom X y
Ca 0.756 0.654
Fe(1) 0.433 0.610
Fe(2) 0.420 0.108
o 0.208 0.162
0@ 0.115 0.477
0@® 0.521 0.784
[0 XC)] 0.419 0.424
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Fig. 1. X-ray diffraction patterns of BaM,0, (M : La, Nd, Sm,
Gd, Ho, Y) synthesized by reaction sintering.
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Fig. 2. Temperature — dependence of the conductivity of
BaM;0, (M : La, Nd, Sm, Gd, Ho, Y) sintered bodies.

Table 2. Activation Energies of Conductivity and Transition
Temperatures of BaM,0, (M : La, Nd, Sm, Gd, Ho, Y)

Activation energy (kJ/mol) Transition

before transition  after transition temperature (K)
BaLaz04 122 54 543
BaNd204 133 49 623
BaSmz204 138 53 603
BaGd204 99 —
BaHo204 107 —_—
BaY204 87 —_
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EHL TR F—% £ LD TRT. Bala0y4, BaNd:04 &
U BaSmy0y4 BERS A O IR BE E 13543~623 K OHFiFHIC &
D, BEBAHEOEBFEROFE AL XV F—13122~138
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Fig. 3. Relationship between the changing rate in lattice con-
stant of BaM,O, (M : La, Nd, Sm, Gd, Ho, Y) and the ionic radius
of M3+ ion.

®, A, B : cxperimental data,

O, A\, [1: reference data.®

Table 3. Structural Parameters and Lattice Constants by X-ray
Rietveld Refinement for BaM,;0, (M : Nd, Sm, Gd, Y)
The Number in Parenthesis is e.s.d.’s. referred to Last Digit

BaY204
a=1.03936(1)nm, b=1.21142(2)nm, c=0.344996(5)nm

atom  site X y z B(1072 nnf’)
Ba 0.7523(5) 0.6486(4) 0.6(1)
Y1) 0.4260(7) 0.6114(4) 0.5(2)
Y(2) 0.4221(7)  0.1093(5) 0.5(2)
o) 4c 0.205(3) 0.164(4) 0.25 0.1(D
02 0.115(4)  0.486(4) 0.1(7)
0o3) 0.525(5)  0.7903) 0.1(7)
[e]CH] 0427(4)  0.425(3) 0.1(7)

Rwe=10.14%, Re=7.81%, Re=3.10%, Ri=4.38%, Rr=2.08%

BaGd204
a=1.04857(2)nm, b=1.22610(2)nm, c=0.351420(6)nm

atom  site X y z B(10~2 nnf)
Ba 0.7507(8) 0.6488(7) 0.9(2)
GdQ) 0.4235@8) 0.6122(6) 1.3(2)
Gd2) 0.4223(8) 0.1100(6) 0.72)
o) 4c 0.2073)  0.162(4) 025 . 0.8(11)
0©2) 0.117(5)  0.487(5) 0.8(11)
o3 0.529(6) 0.786(5) 0.8(11)
oW 0.426(6) 0.4234) 0.8(11)

Rwe=9.53%, Re=7.28%, Re=3.96%, Ri=3.96%, Rr=3.36%

BaSm204
a=1.05124(2)nm, b=1.23307(3)nm, ¢=0.355960(7)nm

atom  site X y z BA0~2 nn?)
Ba 0.7505(10) 0.6479(9) 0.5(2)
Sm(1) 0.4225(10) 0.6121(7) 0.6(3)
Sm(2) 0.4220(10) 0.1110(7) 0.23)
o) 4c 02047  0.171(6) 0.25 0319
o2 0.120(7)  0.488(7) 0.3(14)
o) 0.527(8)  0.784(6) 0.3(14)
o4 0.442(8)  0.427(6) 0.3(14)

Rwp=10.76%, Re=8.52%, Re=4.34%, Ri=7.44%, Rv=5.32%

BaNd204
a=1.05863(3)nm, b=1.24408(4)nm, ¢=0.360250(9)nm
atom  site X y z B(1072 nnf)
Ba 0.7499(10) 0.6467(8) 0.7(2)
Nd(1) 0.4194(11) 0.6126(7) 1.43)
Nd@2) 0.4235(11) 0.1128(7) 0.4(3)
o) 4c 0.205(7)  0.169(6) 0.25 0.6(14)
02) 0.121(6)  0.484(6) 0.6(14)
o®) 0.524(8)  0.788(6) 0.6(14)
0@ 0.446(8)  0.415(6) 0.6(14)

Rwe=10.07%, Re="7.81%, Re=3.99%, Ri=6.42%, Rr=4.80%

03), OUNICHLTINTL & L7 Fh, H4ICHEE
U7 /85 A — & — % F 72 BaNdyOy, BaSmz04,
BaGdz04 B U BaY 04 D c B F 2 DEE Lo i S
RT. CaFeOy BB IR ILAF L= >ONE G L E
KB LT AEBEREETH D, BaNd04 & BaSmyO4 DG
ST BaGdy04 B 5 W BaY 0y ORSAEEICENRT,
EKILRLAEO0W MBOBEA A VD alimOEL
ICEOBY A FrOhFE Y M) RO ETHBRED
ANFEDO—EICEZH LT\ 5. 20 BaNd04 & BaSmy04
ONEEOEIL, 03)-M(1)-04) OFEEAZT AW TE
B4 % » BaNd0; B.UF BaSm;04 Tl3147°FEE, BaGd;0,
% OF BaY.04 TIZI54°EE TH 0, BaGdy04 & BaY:04
DFERBE L VALK BEMML T/, ZOR/ITED
BaNd;04 & BaSmy0y4 OB EFICIIERAEA SN
B. Thbb, BRA L VELORF-EHRFEELHD
Balay04, BaNds04 & U BaSmeOy BERE A DO B WEER A A
VEBERT, AEAERO o B R OETER L 7-2ER & E
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Fig. 4. Projection on the (001) plane of the crystal structure of
BaM,0, (M : Nd, Sm, Gd, Y) by X-ray Rietveld refinement.

All atoms are located the planes z=1/4 or 3/4.
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DA I/ EEROBERFE IR A 4 V2O
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B 5.

g5 s, REL/BaMO, ICB T AHEA
IV RBAORF-ERFERE T 7L, BaMOy #Eho
BYA FoHFAy (M) YROMKIC L VEBERA TV
THRINALNEED aBiiMOETEAINS RS
BOH - Tn5.

BaM 04 DEBEREL, 75UV 3I5—54 MESBICE
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Fig. 5. Location of oxygen vacancies in the structure of
BaNd,0,.
@®:Ba, O:0,(©:Nd, : oxygen vacancy.
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FUBERS I & U CaFelO4 #4 %# F ¢ 5 BaMo0, (M :
La, Nd, Sm, Gd, Ho, Y) OB—#BEEHL AR L, Z0
MFEAZ VEBRORERFUERUREMEE L BY A
DAFH YV (M) PROBIRERN, RO LS TR %
Bz, :

(1) &L 7 BaMOy BERE A OMET A 4 v/ BRENEIT
HFAv (M) Bt kD, BRF-BRFEBRLHES
BaLay0y4, BaNdyO4 % U BaSmoO, BefEfh & BB 4 b 7
\» BaGd;0y4, BaHo,04 % U BaY:0, BEfEh D 7 L — S 1z
KAl nsz.

(2) BaM;Os DB YA bOAF IV (M3+) $EDHE
K-> ToE e c BIORFEROBRITTITEAIC
Wi L7, a OB TFEROEARE Sm3t O 4 F 2%
BIHY T2 & AT A TR > T\ .

(3) BF-ERFERZHE T 5 BaNd0, KU BaSmy0,
OREREEPICE, BIEALVTEREINLATEDa
BRI OEICER T 5 ZERBELE LT .

(4) BaLayO4, BaNd204 5 UF BaSmz0, BafsthkOmEEE A
ZVEEBROBERFL, SHEBEPONEED a i
HADBITHESZER (VA ) KBEALT VIFETES
(BERA A7) EEETS &, BREFOIFF VD
REGBEB DT WVER COMEA 4 v ELORF-
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i

N

X @

1) B.C. H. Steele, Mater. Sci. Eng., B13, 79-87 (1992).

2) FIHBLE, S Iy s R, 27,100-04 (1992).

3) D. M. Smith, Ann. Rev. Mater. Sci., 15, 329-57 (1985).

4) J. B. Goodenough and Y. S. Zhen, Mater. Res. Soc. Symp.
Proc., 210, 287-301 (1991).

5) T. Mitamura, H. Ogino, H. Kobayashi, T. Mori and H.
Yamamura, J. Am. Ceram. Soc., 76, 2127-28 (1993).

6) Hk. Muller-Buschbaum and O. Sohrandt, J. Alloy. Comp.,
191, 151-54 (1993).

7) B.F. Decker and J. S. Kasper, Acta Crystallogr., 10, 332-37
(1957).

8) N. M. Maister and I. M. Lopato, Inorg. Mater., 9, 57-60
(1973).

9) B EhX ARERFESEE 27, 23-31 (1985).

NI -Electronic Library Service




