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Ln(Sr)Co0;_;(Ln = La, Pr, Nd) solid solutions as high-
terperature mixed ion and electron conductors are described.
Electrical conductivity and oxygen permeability as function of
temperature and oxygen partial pressure were measured, A
model for the oxygen flow density through the mixed conductor
caused by chemical potential gradient is preposed. Values of
partial oxide ionic conductivity were calculated. It was found
that oxygen permeability decreases in the La > Pr > Nd se-
quUence. 1995 Academic Press. Inc.

1. INTRODUCTION

It appears that rare-earth elements (REE) and stron-
tium cobaltites Ln{Sr)CoQ;_, are promising materials for
high-temperature electrochemical cells of various types
due to their high ionic conductivity, compared to such
oxide ion conductors as zirconia based solid solutions
(1-3). The presence of oxide ionic conductivity in the
background of high electronic conductivity for electrode
materials leads to a substantial improvement in the
electrochcmical properties of electrodes, due to the
cxpansion of the electrochemical reaction zone (1, 4).
Mixed conducting materials can be used to create oxygen
electrochemical membranes, viz., devices designed to
produce high-purity oxygen {from air, in which the separa-
tion of gases occurs by the action of the oxygen chemical
potential gradient (2). Nevertheless, the investigation of
the paramcters of oxide ionic transport on the background
of high electronic conductivity is associaled with numer-
ous experimental difficulties.

Some data on the ionic conductivity of certain solid
solutions based on rare earth elemenls manganites, ferrites,
and cobaltites with perovskite-like structure are adduced
in Refs, (1, 5). Regretfully, these data are odd and do not
allow us to ascertain the dependence of ionic conductivity
on the composition of solid solutions.

In (2, 6,7) oxygen permeability of the large set of cobalt-
ites was investigated. The oxygen permeability was deter-
mined from the quantity of oxygen passing through a speci-
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men aitached to a mullite tube by a silver ring and entering
the flow of helium. According to these data, oxygen perme-
ability increases with an increase in x in the system
Ln,;_.Sr.Co0Q;_; and builds up with the transition La —
Gd in solid solutions Ln,_ . Sr,.CoOs.; (Lrn = La, Pr, Nd,
Sm, Gd). However, these results are not sufficiently correct
on two counts. First, silver is permeable to oxygen and it
cannot be used for attachment. Second, both electronic
and ionic conductivities of cobaltites depend on the oxygen
content in the gaseous phase; consequently, use of air and
helium as gases surrounding the opposite surfaces of the
specimen under investigation can cause considerable ex-
perimental errors due to too large an oxygen pressure drop
across a specimen. Comparisons of the data on oxygen
permeability obtained at considerable oxygen partial pres-
sure differences across the ceramics can be made only in
combination with analysis of the dependence of oxygen
permeability on oxygen chemical potential values on both
sides of the ceramics. Harnessing of the four-probes
method with electronic filters to study partial ionic conduc-
tivity of cobaltites (7) is not sufficiently correct because of
the absence of any blockade of oxygen exchange between
the ceramics under study and the gaseous phase.

It was shown in Ref. (8) by the 'O tracer diffusion
method that the values of the oxygen vacancy diffusion
coefficient in LaCoO;_; exceed the corresponding values
for LageSry1Co0;-s in the temperature range 800 to
1100°C. In Ref. (9) it was found from studies of electro-
chemical cells with liquid electrolytes that the diffusion
coefficient of oxide ions in NdggSrg;CoQ;.; at 25°C
(1.4 X 107" ecm?® X 57"} exceeds that in NdgsSrysCoQO5_g
(7.6 X 107 em® X s71). It was found by the gravimeltric
method (10) that for solid solutions La;-,Sr,Co05_; ionic
conductivily rises in the series (x = (L.65) > {(x = 0.5) >
(¢ = 0.2) at temperatures in the range 400-900°C, The
only possible disadvantage of the data obtained in (10) is
the use of a mathematical apparatus based on the assump-
tions that the oxide ions’ mobility is independent of their
chemical potential and that there are no limitations of
oxygen transfer caused by adsorption.
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Thus, there are certain discrepancies in the literature
data on the parameters of ionic transport in Lr(Sr)CoQ;_;s
solid solutions.

The purpose of the present work is to investigate the
physicochemical properties of Ln, . Sr,CoQ, ; and the ox-
ide ton transference parameters of these solid solutions.
When studying oxygen permeability of cobaltites, we tried
{0 avoid the failings associated with the use of fixed compo-
sitions of gases on different sides of the specimen, with
too large a difference in the oxygen partial pressure in
given gas mixtures, with the use of only one value of this
difference, and with failure to take into account the diffu-
sion boundary conditions. Such flaws are typical in investi-
gations of oxygen permeability and can be found in many
works (e.g., Refs. (2, 5, 6, 11)). In the present work the
specimen being investigated was covered by the glass to
achieve the linear diffusion of oxide ions in the maximum
extension. Oxygen partial pressure at one side of the speci-
men was varied in a wide range by an electrochemical
pump and controlled by an oxygen sensor. The reproduc-
ibility of the oxygen permeability values was verified only
in connection with specific values of oxygen partial pres-
sure on both sides of the specimen under investigation.
One of the tasks of our work was the elaboration of the
model of the dependence of cobaltites’ oxygen permeabil-
ity on oxygen partial pressure.

2. EXPERIMENTAL

The synthesis of La, ,Sr,CoOs_; (x = 0.0-1.0) and
Ln,_,S1,Co05_; (Ln = Pr,Nd; x = 0.0-0.5) polycrystalline
samples was carried out by standard ceramics technology
from oxides, nitrates, and carbonates at temperatures of
1370-1570 K for 15-35 hr in air. During the process of
synthesis multiple powder milling was used. The X-ray
diffraction patterns were taken with a DRON-3M diffrac-
tometer using CuK a and CoX e radiation (Ni and Fe filters).
The error in the crystalline lattice constants was +0.0001
nm. Quantitative analysis of cations and evaluation of oxy-
gen content was carried out by the X-ray fluorescence
analysis {XFA) method on “Microscan-5" and scanning
electron microscope “Nanolab-7” with the micro X-ray
fluorescence spectrometer SR-860-2.

Ceramic samples were pressed from powders of synthe-
sized cobaltites under pressures of 300-600 MPa, in the
shape of bars (4 X 4 X 30 mm) and tablets {(diameter 15
or 28 mm, thickness 3—-4 mm). Ceramics were calcined at
1470-1670 K for 20-35 hr. The ceramic samples’ density
(dexp) was 80-95% of the theoretical density. Obtained
ceramics were tested for gas-tightness (absence of open
porosity) using a spirit solution of “Sudan” dye-stuff and
by means of the helium-vacuum method with the leak-
detector GTI-3.

The methods of synthesizing cobaltites, making ceram-
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FIG. 1. Electrochemical cell for oxygen permeability measurements:
1, solid electrolyte; 2, electrodes of the oxygen pump; 3, electrodes of
the oxygen sensor; 4, measured sample; 5, high-temperature glass.

ics, and investigating crystal structure and composition are
described in detail in our previous papers (12, 13).

The electrical conductivity was measured by the four-
probe DC method in air at temperatures from 300 to
1100 K and isothermally in different atmospheres with oxy-
gen partial pressures from 1 X 1075 to 0.21 X 10° Pa. The
various oxygen partial pressures in the measuring cell were
obtained by means of a solid electrolyte oxygen pump and
were controlled by the gas analyzer “Zirkon-M.” Relative
error of conductivity measurement did not exceed 2%.

Oxygen permeability measurements were carried out
with the help of an electrochemical cell outfitted with an
oxygen pump and sensor (Fig. 1). The investigation proce-
dure is described in detail in previous papers (12, 13}. Oxy-
gen permeability was determined subject to the condition
that the flow of the oxygen coming to the cell through a
tightly glued sample due to the ionic conductivity of cobalt-
ite should be equal to the flow of the oxygen removed from
the cell by the oxygen pump. Oxygen permeability was mea-
sured over the temperature range from 950 to 1370 K by the
difference of the partial pressures of oxygen in the internal
and external spaces of the measuring cell between 1 x 10*
and 1 X 10° Pa. The time for the cell to reach a steady state
was0.5to 6hr. Measurements were made on ceramics whose
gas tightness was determined previously by the vacuum-he-
lium method using a GTI-3 detector.

The oxygen permeability of the cobaltites, J(O,)
(mol/s X cm), was calculated from the formula (14)

R1
=—— X X(1- o=
TepE <o (1—t)xa

RTd I

70 tors < g [



130

where ¢, is the oxide ionic transference number equal to
the ratio between the oxide ionic conductivity and the
specific conductivity of the sampie. @ is the mean specific
electrical conductivity over the interval of partial oxygen
pressures from p; to pa. 4 and § are the thickness and
effective area of the test sample, respectively. / is the inten-
sity of the current through the measuring-cell oxygen
pump, which evacuates oxygen from the internal to the
external space. E is the e.m.f. of the oxygen sensor of
the cell,

_RT

p2
~aF! 2]

E n—-,
P

with p; and p, being the partial oxygen pressures in the
internal and the external space of the measuring cell. Since
both the electronic and the oxide ionic conductivity of the
oxides depend on the oxygen pressure, the quantity J{O,)
can characterize a material only in combination with the
corresponding p, and p, or E values.

The variance of reproducibility for the oxygen perme-
ability of cobaltites did not exceed 5% with respect to the
measured value.

The effective activation energy of oxide ionic conductiv-
ity was calculated using the regression model

KHARTON ET AL.

_ 41 E,
o, = Ap Texp[ RT]’ 3]

where E, is the effective activation energy and Ay is the
preexponential factor. The ionic conductivity {o,) and ox-
ide ionic transference numbers (¢,) were calculated using
the equations

sodydl
rox(l—ro)xJ—SxdE [4]
o, = t, X T [5]

For the calculation of oxide ionic conductivity we used
experimental data corresponding to values of the correla-
tion coefficient of the linear dependence I = f(E) that
were not less than 0.995,

3. RESULTS AND DISCUSSION

X-ray diffraction testing results of synthesized samples
La;_,Sr,Co0;_; (x = 0-0.7) and Ln,_,Sr,CoO;_; (Ln =
Pr, Nd; x = 0.0-0.5) showed that formation of the series
of perovskite-type solid solutions with cubic, orthorhom-
bic, or rhombohedric structures took place in the investi-

TABLE 1
Properties of Ln,_.Sr.Co0;_; Ceramics

dren? dexp’

. exp
Ln x Structure? a (nm) b (om) ¢ (nm) o (%) (kg/m%) (kg/m>)
La 0.0 R 0.5388 60.80 7214 6100
01 R 0.5390 60.62 7113 6020
0.2 R 0.5407 60.56 6907 5840
0.3 R 0.5411 60.44 6762 5590
0.4 R 0.5414 60.32 6618 5410
0.5 R 0.5418 60.24 6467 5360
0.6 C 0.3830 6359 5250
0.7 C 0.3834 6188 5170
Pr 0 C 0.7561 7616 6390
0.1 C 0.7587 7375 6360
02 C 0.7595 7190 5950
0.3 C 0.7600 7015 5790
0.4 C 0.7606 6838 5660
03 C 07614 6636 5500
Nd 0 C 0.7548 7709 6600
0.1 C 0.7562 7493 6680
0.2 R 0.5340 59.40 7456 6170
03 R 0.5363 6022 7050 6000
0.4 O 0.5354 0.5333 0.7644 6909 5880
0.5 o 0.5352 0.5408 0.7614 6671 5730

# C denotes cubic structure of perovskite and R and O denote perovskite structure having rhombohedric and orthorhom-

bic distortions, respectively.

b @ and d.xp are the theoretical and experimental density.
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TABLE 2
Transference Parameters of Ln,_Sr,Co0;_;

TRC X 10° (K1)

E, (kXJ/mol)

Ln x 300-700 K T(K) Value "
La 0.0 — 1100-1250 162 0.0007
0.2 1.9 +02 1100-1250 257 0.0003
03 7510 — — —
0.4 64 =03 11001250 36 0.0001
0.5 103 =03 1100-1200 29+ 5 (.0005
0.6 106 =02 — — —
0.7 114 = 05 1100-1250 23+ 7 0.0012
0.8 — 1150-1300 17+3 0.0008
Pr a — 970-1200 49 + 5 0.6002
0.1 — 970-1120 46 = 4 (.0002
0.2 — 9701200 47 = 4 0.0002
03 09 *02 970-1200 54+ 13 0.0001
04 8345 970-1200 51+35 (.0001
0.5 10.7 =22 — — —
Nd 02 — 970-1200 a8 7 0.0001
0.3 1303 970-1200 513 0.0001
.4 6.0 +04 970-1200 43 x5 0.0001
0.5 8.6 = 0.6 — — —
%1p is the oxide ion transference number for La,_,Sr,CoQ,_; at 1105 = 5 K and

Lny,81,C00;_, (Ln = Pr, Nd) at 1115 = 5 K.

gated region. Thermodynamic stability of cobaltites was
confirmed by DTA methods, by high-temperature X-ray
diffraction analysis, and also by maintenance of phase com-
position and structure in a long annealing session {(up to
100 hr) in the temperature region from 870 to 1270 K. The
type of perovskite structure (Table 1) is mostly dependent
on synthesis conditions (temperature, atmosphere, heat-
ing, and cooling rate) and oxygen nonstoichiometry (15).
Only the structures of La;_,S1,Co0;-; (x = 0-0.7) solid
solutions are in agreement with the tolerance factor ¢ calcn-
lation (according to (15, 16)). Formation of a cubic strue-
ture with doubling of the unit cell parameter is connected
with oxide ion substructure regulation for Ln,_ Sr,CoO,_;
(Ln = Pr, Nd). Superstructure formation in the oxide ion
sublattice gives no new reflections of X-ray patterns. Calcu-
lated values of the elementary cell volume rise when x
increases because the ion radius of the Sr** cation is greater
than that of Ln**.

The results of the XFA showed that the deviations of
cationic composition in each sublattice of the perovskite
structure from the formula data have not exceeded 2%.
The overall impurity concentration consisted of not more
than 0.5 at.%,

The results of cobaltites specific conductivity investiga-
tions were published earlier {(13). Temperature dependen-
cies of the electrical conductivity of Ln,_ S1,Co0;_;are in
agreement with the literature data (17, 18). The doping by

strontium leads to a sharp conductivity increase and a
transition to a metailic type of conduction at x > (.2.
Temperature resistance coefficients (TRC) of the investi-
gated materials are given in Table 2. TRC values were
calculated using the equation

p=p X {(1+B8xT), (6]

where 8 is TRC, p is the specific resistance, and g is the
specific resistance at 298 K.

The conductivity of cobaltites does not depend on the
oxygen partial pressure at temperatures lower than 700
K (Fig. 2). The reversible conductance decrease with the
oxygen partial pressure drop was observed at T > 900
K. The variation of conductivity increases with increasing
strontium concentration and increasing temperature. Be-
cause the electronic component of the conductivity is far
above the icnic one, the cobaltites’ specific conductivity as
a function of the oxygen content in the gaseous phase may
be quite correctly described using the empirical model

0'=b1><p”+b2,

(71

where p (atm) is the oxygen partial pressure. Some results
of the regression analysis of the oxygen pressure dependen-
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FIG. 2. p(0,) dependence of conductivity for (a) LagsSr5C005_s at 670 (1), 970 (2), and 1070 K (3); (b) LngsSrysCo0O;_; at 1070 K for Ln =
La (1), Pr (2), and Nd (3); (¢) Nd,_,8r,CoOs_; at 1070 K for x = ¢ (1), 0.1 (2), and 0.3 (3).
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cies of the cobaltites’ conductivity according to the model
Eq. [7] were published in (19).

The Lr** ion radius dependence of electrical properties
of REE cobaltites can be described by the Raccah
and Goodenough model (20). Ton radius diminution
in lanthanide’s sequence causes strengthening of “Ln
cation—oxide anion” interaction and hence the orbitals’
overlap integral decreases for cobalt and oxide ion. The
value of Ln;_,81,Co0;_; electronic conductivity caused
by the Co—O—Co bond covalence degree is reduced
as the REE number is increased. The most characteristic
type of electronic conductivity dependence on the lan-
thanide ion radius can be observed at T = 600-700 K.
The cobaltites conductivity depends on the cobalt ion
content in high oxidation states at lower temperatures
(T < 500 K). The cobalt ion state in this temperature
range is determined by oxygen nonstoichiometry and
sample history. The temperature increase leads to the
conductivity type changing to metallic and the
Lny_Sr,CoO;_; conductivity values becoming more close
to one another. Strontium doping also leads to the fact
that Ln,_ Sr,CoOs_; the specific conductivity of solid
solutions becomes more close to one another. Electronic
conductivity of Ln;_,Sr,Co(;_; at 600 K decreases by a
factor of 300 for the La~Gd sequence (Fig. 3). Data on
GdCoO;_; was published earlier (13, 21).

Perovskite-like oxides based on lanthanum cobaltite
are characterized by a vacancy mechanism of oxide ionic
transport (e.g., {8)). Assuming that at a given gradient
of the oxygen chemical potential the phase composition
of oxides is constant, the partial ionic and electronic
conductivities under isothermal conditions can be ex-
pressed as (22)

0o =Ko X g X [V,] X N i8]
oc:KthX%, [9]

where [V,] and ¢, stand for the fractions of vacant and
occupied sites in the oxide ion sublattice, respectively; N
is the concentration of oxide ion sites; (A X N/3) is the
concentration of holes (k is a relative concentration of
holes); and K, and K, are constants. In accordance with
the equation for the oxygen exchange,

%02+V:,'<:O"+2h'

{with 4* being an electron hole), the concentrations of
oxide ions and vacancies, in terms of the point defect
model, are related by the expressions
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FIG. 3. Lanthanide ion radius dependence on conductivity for
LnCoO4_; at 600 (1) and 1000 K (2).

_Vp x|V
Ky = xR [10]
h
Ky=7% +2[V,] [11]
[Vo] + ¢ =1, [12]

where K, and K, are constants and p is the partial oxygen
pressure. The density of the molecular oxygen flow passing
through the ceramic under the action of the chemical po-
tential difference can be expressed as

C ><
170 X T d(ln p) deo
adot oy deg

j=Kn | [13]

with K, = (RT/16F?d), where ¢, and ¢, are the values of
¢, in the surface layers of cobaltite ceramic.

Substituting the solution of the set of Egs. [8]-[12] into
Eq. [13] yields, upon integrating, the expression for the
density of the molecular oxygen flow through the oxide
ceramic material
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12K, — K,
KoA

+ 4((.'2 - C1)

j=06K.K,

where A = V36K2 + 12K K K, — 12K.K, + K2.
Since oy, » g,, we may assume that

. e _ d(lnp)
=K, LI To Ao dco. [15]
In this case the solution simplifies to
. . 2C2 + Kg -2 2 2
J=K:N [Kg(Z K;)In (261 7K, - 2) 2{(c5 — cf)
[16]

+ Z(Kg + 1)es — Cl)],

where, in accordance with the phenomenological theory
of lonic transport {22},

2

r ' (Jo|
. X
K=y Xy, X-— Xexp =T |

with y being the geometrical factor, v, and r the mean
oscillation frequency and the elementary jump length of
oxide ions, and U, the free energy of migration.

A particular case of Eq. [16] is the formula for the density
of the oxygen flow through Ln;_,5r,CoQ;_; ceramics. In
this case one of the conditions for the crystal to be electro-
neutral, Eq. [11], can be written as

h
Zt —
2+ 2[V,]

=

or [17]

The expression for the density of the oxygen flow can be
presented as

6c, +x — 6
j=KN [’_;f (2—%) In (62%6) —2(c3— )

) (‘% + 1) {c; — cl)}.

[18]

(A + 6K+ Ko(K, — 1)) In [

+(A— 6K, — Ko(K, — 1)) In [
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2K, — 6K, — K, — A
2K,c; — 6K, — K, — A

2Kyeo —6K. — K, + A
2K, — 6K, — K, + A

The dependencies of the oxygen permeability of
Ln(Sr)Co0O;_; ceramics on the oxygen partial pressure
ratio inside and outside the measuring cell are shown in
Fig. 4. The nonlinear dependence of /(O,) = f{ E) indicates
the inadequacy of Eq. [1] for the description of the oxygen
transport processes in the cobaltites. Such a fact can be
conditioned either by the adsorption limitation of oxygen
transport or by the partial conductivities dependence from
oXygen pressure.

The regression analysis of the data on oxygen permeabil-
ity was performed by the least-squares method using a
positive definite secant formula (BGFS-formula) to mini-
mize the adequacy dispersion (23). Statistical parameters
of nonlinear models were evaluated by the techniques pro-
posed in (24).

log J{0;) ( ol ]

Sxem
=72
2
3
-76
| \‘
B0 6
5 .
A
4\\‘\_‘
-8.al 1 [l | I [l 1 1 I L 1
-0.2 0.8 1.8
~log (Pl /Pz)

FIG.4. Representative oxygen permeability of Pry oSty Co05_5(1-3)
and Ndps8153C00;_; (4-6) solid solutions dependence on the oxygen
pressure ratio inside and outside the cell at 970 (1, 4}; 1065 (2, 5); and
1165 K (3, 6).
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In addition to Eq. [14] and Eq. [18], the solutions of
the systems of equations that include Wagner's law,
Langmuir’s or Frehinlich’s adsorpticn isotherms, and the
models proposed in (14, 19) were used as
regression models.

The most adequate description of the experimental data
on oxygen permeability of Ln(Sr)CoOs_; ceramics is pro-
vided by the model derived from Eq. {18] using the adsorp-
tion isotherm

Ksorb XP;m
C; =

- 1+ Ksorh x Pfﬂ [19]

where K, and m are constants,
The most adequate regression model can be obtained
by substituting Eq. [19] into Eq. [18],

k X x 2Cz+__2
j=-j §X(2-§)X]n - 2ci—ch)

X
2C] +§ -2 [20]

+2(§+1)X(c2—c1) + ks,

where ¢; = (K3X p!M/(1+ kE3X pi), ki = K% X N X d,
ky = V Ko, and k; and m are regression parameters, The
parameter of k; corresponds to the error of the oxygen
flow measurements.
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The fitting results obtained using this model for some
composition of Ln{Sr}CoQ;.; are given in Table 3. With
this model, the calculation error slightly exceeds the instru-
mental error.

The geometrical calculation of the distance between cat-
ions in the most probable anion jump direction for REE
and strontium cobaltites confirms that anion transfer chan-
nel size decreases in the La — Nd sequence. Nevertheless
the ionic conductivity value is to large degree defined by
the interaction of the O ion with the nearest neighboring
cation {4 A ions and 2 B ions of the ABO; perovskite
structure). From this point of view the lanthanide ion ra-
dius decrease causes further weakening of the £-O bond
and the A-O bond encrgy increase which can lead to an
oxide ionic conductivity decrease. B** ion existence means
that the B-O bond covalence is rising. In this case ionic
conductivity decreases.

The ionic conductivity variations in Ln;_ Sr,CoQOs_;
systems (Fig. 5) are in agreement with the previous
conclusion. The ionic conductivity decreases as x increases
at x values between 0 and 0.4. Then oxide ionic conductiv~
ity increases with the x increase from 0.5 to 0.7. Most
probably, the discussed change of the ionic conductivity
is due to the corresponding variation of the concentration
of the oxygen vacancy and Co** ions (14). Ionic conductiv-
ity decreases with an x increase from 0.8 to 1.0 because
these complex oxides are not single phase compounds,
The value of ionic conductivity diminishes in the La >
Pr > Nd sequence. The values of effective activation
energy for oxide ion conductivity derived from the Arr-
henius law and the oxide ion transference numbers are
given in Table 2.

TABLE 3
Parameters of the Regression Model (Eq. [20]) for the Oxygen Flow Density through Ln,_Sr,Co0,_; Ceramics
Ln x T (K) ky x 108 ks ks % 107 m P s* (%)
La 0.2 1102 16 =1 1.8 *o01 ¢ .80 0.0997 2.37
0.5 1176 209 = 0.6 1.38 = 0.08 < 1.00 0.9998 0.50
0.7 1103 25 x1 238 = 0.09 15 =3 1.20 0.9991 0.83
0.7 1175 32 x2 18 01 ¢ 1.00 0.998 120
0.8 1102 9.78 = 0.01 10.42 = 0.01 278 + 0.01 27 0.9999 0.0
Pr 0.9 971 136 =04 0.76 = 0.02 < (140 0.9999 0.35
0.9 1112 18 =3 0.85 = 0.23 e 0.59 0.995 1.79
0.7 970 7.64 + 0.07 0.87 = 0.01 ¢ (.30 0.9999 0.24
0.7 1116 80 =03 42 *02 34 03 1.00 0.998 1.06
0.6 970 12 =1 0.94 = 0.08 ¢ 0.20 0.997 1.97
0.6 1116 20 *+2 07 =02 ‘ 0.25 0.991 341
Nd 0.6 1105 6.5 =07 07 =2 ¢ 0.30 0.9991 0.88

" p is the correlation coefficient.
" s is the relative error of the model.
¢ The parameter is nonsignificant.
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FIG. 5. Oxide ionic conductivity dependence on the strontium con-
tent for La;_.S1,CoO;-5 (1} at 1105 = 5 K, Pr,,Sr;Co04-, (2), and
Nd;.,5r,Co05;(3) at 1115 £ 4 K.
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