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Letter to the Editor

PHYSICO-CHEMICAL PROPERTIES OF CALCIUM
DOPED GADOLINIUM AND LANTHANUM CHROMITE

PUINKO-XUMHUYECKUE Owcﬁﬁﬂw\r XPOMHMTOB I'AJOJIMHUS U JIAHTAHA
JAOINMUPOBAHHBIX KAJBLLMEM

GILDERMAN, V. K.,'y ZEMTZOV, V. L,") Sverdlovsk

Oxides with the perovskite structure having a good electronic conductivity at high temperatures
ina wide range of oxygen partial pressure are perspective materials for electrochemical devices [1, 2]

Early investigations of the Ln, _ xCayCrO; (Ln = Nd, Sm) and the Ln,3Ca,,CrO, (Ln = Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb and Lu) electrical properties of solid solutions showed that
their electrical conductivity increased with the calcium content increasing from x =0 to
x =04 ~0.5 and that the calcium doped gadolinium chromite Gd,4Ca,,CrO; had the highest
electrical conductivity in air among these chromites [3, 4].

However, in the range of 0 < X < 0.1 one could see that the dependence of the electrical
conductivity on the dope element contents broke. Such a behaviour was observed for the system
La, _,Ca,Cro, [5].

In this paper the results of investigations of the La, -xCa,CrO; (0 < X <0.1) and the
Gd, _ 4Ca,CrO;, (0 < X < 0.8) electrical conductivity at temperatures 873—1273 K and oxygen
partial pressures in the gas phase from 10* to 10~'2 Pa are presented.

Polycrystaline samples were obtained by a reaction in the solid phase. The initial materials for
the preparation of specimens were gadolinium, lanthanum and chromium oxides (=99.9%) and
calcium carbonate (> 99.9%). The powders taken in the required ratios were carefully ground,
pressed and fired at 1700 K during 4h in air. After firing the specimens had sizes of 45 x 5 x 5 mm.
A fourprobe DC technique was used in the measurement of conductivity. The oxygen pressure in
the gas phase was regulated by a solid state (0.9Zr0, + 0.1Y,0,) electrochemical pump and
controlled by an oxygen sensor.

The X-ray analysis of Gd, _ ,Ca xCrO; showed that the GAdCrO, had the disordered structure of
orthorombic perovskite and the calcium dope to gadolinium chromite led to the formation of
Gd, _ yCayCrO;, solid solutions in which the GdCrO;, structure was preserved up to X =0.5. At
higher values of X the solid solution on the basis of CaCrO, appeared.

The thermo-e.m.f. investigation of Gd, _ 4Ca,CrO; (0 < X < 0.2) in the temperature range of
873—1273 K in air showed that the absolute value of the Seebeck coefficient decreased with the

increase of X and depended slightly on temperature. The sign of the Seebeck coefficient correspon-
ded to the p-type conductivity.
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The dependence of electrical conductivity of La, _ yCa,CrO, (0 < X <0.1) and Gd, _ yCa,yCrO,
in air is given in Fig. 1.
< 0.8) on the temperature in air 1s given 1n rig .
e mr\d\mlmnn: v::: the electrical conductivity of samples has a semiconductor character and can be
described by the relation:

o= Dexp(—E, /kT),
T
here o, is a constant for the sample of the given composition; E, is the conductivity activation
wi ]
i i i ture.
k is Bolzman’s constant, T is absolute Sacnnw‘ . .
o:nmﬂmw.w electrical conductivity of La, _ ,Ca,CrO, solid mo_cc.o:m in the range of 0 < \M Mm%
i ases (~ 1.5 order) (Fig. la) with the increase of added calcium concentration and reaches the
EnMMBE: <w=._o at X = 0.06 in the whole range of the investigated temperature. The ?_,EQ.. Ew_den
:m.wk leads to the decrease of electrical conductivity. The activation energy of conductivity mnrﬂ e
Mmumn of 873—1273 K is small and changes from 0.17eV at X =0 to 0.14 eV for the highest
conductivity sample with X = 0.06, then increases to 0.16 ¢V at X =0.1.
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Fig. 1. Dependence of electrical conductivity on temperature in air: a) La; _,Ca kOnm.vu X Hooom
Nl.o.ow. 3—-0.04; 4—006; 5—0.08; 6 —0.1. b) Gd,_,CayCrO; X=1-0.00; 2 - 0.04;
. 3-0.1:4—-02;5-03;6—-04;7—-05;8-0.6;9-08.

The electrical conductivity of Gd, _ ,Ca,CrO; (Fig. 1b) also increases with the Emnﬁwmn om X w:m
reaches a maximum at X = 0.4. A further increase om. k leads to the decrease of n_nnﬂ,_ow ohu: Mow __Ma
ity. The activation energy of the n_no:mo&. ..uosaco:SQ of Gd, _ ,Ca,CrO; also has a low

= = i whole composition range. .

e W:Mr_wnr%«woﬂmvhm HMM 2@2865“0& properties of .mwBEnm. is o.mcmnm. by the wom_n:m”.i_m o_M
La, _,Ca,Cr}t ,Cr4*0;and Gd, _ ,Ca,Cri* xO&WOu solid solutions in which the noazacﬂms_wu_o
the momc_p of the hopping mechanism or the conduction .o.m these ooB.vOm_:o:m is wonnno. y the hote
hopping from ion Cr** to ion Cr** and their oosa.cn.:SQ should increase with the mﬂﬂnnmmwnncnox
as the concentration of Cr** increases with it. This is confirmed by the nnﬂommm of the Se beck
coefficient of Gd, _ yCa,CrO, with the increase of X. The decrease of electrical con —”_omsw,w an b
increase of E, of La,; _ yCa,CrO, in the range of 0.06 < X < 0.1 are connected csMu ,ua orma

of low conducting intercrystal layers of CaO (as SrO in the system La, _,Sr,CrO; [5]).
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The decrease of electrical conductivity of Gd, _ ,Ca,CrO, at X > 0.4 is caused by the app.
earance of the CaCrO, second phase. B

The results of investigations of the electrical conductivity dependence on Py, at 1273 K are given
in Fig. 2. In the oxygen pressure range of Py, =10 — 109 Pa the electrical conductivity of
Gd, _ ,Ca, CrO, depends slightly on Py, (Fig. 1a). At the increase of the calcium content in the solid
solutions an increasing dependence of electrical conductivity on Py, is observed (curves 2,3 Fig. 2a).
At low P, (Po, < 107 Pa) the electrical conductivity decreases especially at a high concentration
of the momn element. This is caused obviously by the vacancy formation process in the oxygen
sub-lattice and by the decrease of concentration of the current carriers.
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Fig. 2. Dependence of electrical conductivity on Py, at 1273 K: a) Gd, _xCayCrO; X =1 -0.0;

2-0.1:3-0.2.b) La,_ xCa,CrO; X =1-0.04;:2 — 0.06; 3 — 0.08.

Table 1

The coefficient of Gd, _ Ca,.CrO, of thermal expansion in the temperatuure range of 573—1273 K
in air,

X 0 0.1 0.2 03 0.4 0.5

ax 10°[K" 7.5 7.6 8.7 8.8 9.1 11.6

All the samples of La, _,Ca,CrO, are p-type semiconductors in the range of Py, =
=10"—10"*Pa (Fig. 2b). Their electrical conductivity drops with the decrease of Pg,. But at a
further decrease of P,,. the type of the La, _ ,Ca, CrO, conductivity changes. The electrical conduc-
tivity of the investigated materials increases with the decrease of Po, that is typical for the n-type
semiconductors. It is necessary to note that the range of p-n transition depends on the dope element
concentration and moves to a low Py, with the increase of the calcium concentration in La, _ ,Ca,-
Cro,. i _
The Gd, _,Ca,CrO, coefficient of thermal expansion in air as a dependence on X in the
temperature range of 573—1273 K is given in table 1.

The values of the electrical conductivity and of the coefficient of thermal expansion show that
some compositions of La, _ +Ca;CrO, and Gd, _ ¥Ca;CrO, can be used as interconnection mat-

E

erials in electrochemical devices on the
of oxygen sensors {4).

142

basis of a stabilized Zr0, solid electrolyte and as electrodes
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