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Abstract

Two types of samples of general composition; La , Sp.Go NiO  and (La, ,Sr) Lo, Ni O with various valueanafy
were prepared by standard ceramic technique. Final annealing was performed &C lihO&ir. Total duration of these anneals was
240-360 h. Identification of phase composition was made by powder XRD method. Crystal structure refinement was performed using
Rietveld analysis. The homogeneity ranges of solid solutions were determined and presented in the composition fields.
O 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction oxygen pressure than in air or in air but at lower
temperature <900°C).

Complex oxides with the general formula ABO and The homogeneity range foy_(Lg , Sr ).GoO was
A,BO, with rare earth elements on the A sites and 3d- found at =g=30.55 [1]. Solid solutions of
transition metals on the B sites, are well known for their (La , Sr) Ni©O  general composition were synthesized
catalytic activities, wide range of magnetic and electrical by different authors [4-8] in different conditions. How-
properties. A unique set of these properties makes them ever, there is no information concerning the homogeneity
useful as electrode materials in the different electrochemi- range of this solid solution in air &C11G) CoQ, can
cal devices. Further investigations on these oxides have be synthesized alCl1bdly at an oxygen partial
been carried out in order to find appropriate compositions pressure pﬁf:RD"’ atm. The limit of partial substitu-
with the best set of necessary properties. The traditional tion of Ni by Cojn La Gq Nj., O  lies withinl—
way of modifying the properties of materials is by partial 0.15 [2]. All single phases obtained in air possess tetragon-
substitution in different sublattices. In the present work the al K NiF type structure.

homogeneity ranges and crystal structure of solid solutions
Lalfxsrx Colfy Nl/ Os,—a and (Lgfx §r2) Cfly NI Q:a

were studied at 110TC in air. 2. Experimental

The homogeneity range for La, Sr CoQ  at 1200
in air was found within &x=0.8 [1] and for Lanthanum oxide La O (99.99% purity), nickel oxide
LaCo,_, Ni,O,_; within 0=y=0.6 at the same conditions NiO of ‘special purity’ grade, cobalt oxidg Go O of ‘pure
[2]. The rhombohedral distortions of perovskite-type struc- for analysis’ grade and strontium carbonatg SrCO of
ture decrease while the Sr-content increase in ‘special purity’ grade were used as starting materials. The
La,_,Sr,CoQ,_; [1,3] (solid solutions witk=0.5 possess initial materials were dried in air:;,Lg O at 1200
ideal cubic structure) and increase as the nickel content , ¢o O and NiO aE#i@ SrCQ at 60€C during 3 h.
increases in LaCp, NiQ, [2]. LaNiQ, can be Samples were prepared by mixing the reactants in
obtained either at 110 in an environment with higher appropriate ratios, ground in an agate mortar, and fired in

air at 850°C for 24 h, at 950C for 24 h, and finally at
*Corresponding author. Tel.+7-3432-615-412; fax:+7-3432-615. ~ 1100°C for 240-360 h with intermediate grinding in
978. alcohol every 20 h. All samples were quenched after firing.
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the unit cell parameters, all samples were examined by
X-ray diffraction, using DRF-4.0 and DRON-UM1 diffrac-
tometers with Cu l& radiation. The equilibrium state was

considered to be reached when the phase composition (i.e.

X-ray patterns) remained unchanged during the last few
stages of firing. The full profile Rietveld analysis using

FULLPROF program [9] was used for the crystal structure
refinement.

3. Results and discussion
31 La, ,S,Co,  Ni,O; ;

Thirty samples of different composition within the
general formula La, SrCo, NiQ,; were prepared
and analyzed. The homogeneity range of solid solution
changes in such a way that while the nickel content
increases the limiting strontium content decreases. This is
in good agreement with the fact that strontium substitution

in general increases the average oxidation state of 3d-

transition metal, while nickel substitution leads to decrease
it. The field of phase stability is shown in Fig. 1.

Similar to the lanthanum strontium cobaltates the rhom-
bohedral distortions of La, $r Go, NiQ, decrease
while the Sr content increases, but with a lower rate. Thus,
the composition Lg, Sy Cpy Nj; Q, still has some
small rhombohedral distortions, whereas ‘pure’ cobaltate is
already cubic at Sr context=0.5 (Fig. 2).
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Fig. 2. The angle of pseudo-cubic cell of Lg ,SrGo ,Ni ,Q  with

the perovskite-type structure.

32 (a,_S,)LCo, Ni,O,. s

Forty-four samples of different composition with the
general formyla, (La, Sr) Go ,.NiO  were prepared
and analyzed. The phase composition of all samples

confirmed practically linear boundaries of the homogeneity
ranges of (La , Sr,),Cq ,Ni O (Fig. 3). Obtained
results correspond well to the homogeneity ranges of
1 (La, ,Sr),Co0 apd Lg Cp ,.Ni O found earlier
[1,2]. The wvalue of limiting composition of
(Ja, ,Sr),NiO in air at”ClOas estimated within
the range 0<dx<0.45.
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Fig. 1. The region of single phase stability of La ,Sr,.Co  Nj_O

1100°C in air.
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Fig. 4. X-ray diffraction powder pattern for (Lg
refined by Rietveld analysis.
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All solid solutions (La_, Sy ) Ce_, Ni Q., within the
homogeneity range have tetragona) K NiF type structure
(space groug4/mmm). The results of Rietveld structure
refinement for (Lg, Sy, ) Cg, Niy Q is shown in Fig. 4
as an example.

Fig. 5 illustrates that partial substitution of Ni ions by
Co at a constant La/Sr ratio leads to the decrease of the
volume of the unit cell of (La_, Sr) Cp, NiQ, and
parametec, while parametea slightly increased. This can
be explained by the dimension factor. The ionic radius of
cobalt ion is smaller than that of nickel ionZ(=0.65 A;
rﬁsz.?O A, ¢.n=6) [10]. Structural parameters for the
(Lag ¢Sry1),Cq Nii_, O, are listed in Table 1 as an

example.
Substitution of lanthanum for strontium leads to the
increase of limiting cobalt content in

(La,_,Sr )% Co_,NjQ,.,; (Fig. 3). Introduction of Sr
decrease the average oxidation state of cations in A-
position, while cobalt reveals susceptibility to have higher
oxidation state thent+2 in conditions under investigation.
The complex changes of the unit cell parameters with
the Sr content at constant Co/Ni ratio (Fig. 6) are caused
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Table 1
Structural parameters of (Lg &f ,) €o.Nj ,O , quenched from TTM air, space groupd/mmm: La(Sr), (0,02); Co(Ni), (0,0,0); O1, (0,0.5,0); 02,
(0,02

Ni content &)

0.1 0.2 0.3 0.35 0.4
Z, La(Sn) 0.362(0) 0.362(0) 0.362(0) 0.362(0) 0.362(1)
Z, 02 0.172(1) 0.172(1) 0.173(1) 0.175(2) 0.171(2)
L (Co-01) (A) 1.922(0) 1.924(0) 1.926(0) 1.926(1) 1.926(1)
L (Co-02) (A) 2.170(1) 2.164(1) 2.176(1) 2.193(0) 2.146(0)
L (La—O1) (A) 2.594(1) 2.595(1) 2.591(1) 2.588(1) 2.591(1)
L (La-02) (A) 2.411(1) 2.397(1) 2.377(1) 2.353(0) 2.396(1)
Re, 2.91 3.33 3.46 477 6.97
R, 2.11 2.06 2.08 432 5.43
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