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ABSTRACT 

In order to evaluate the compatibility between the SOFC(Solid Oxide Fuel Cells) 

interconnector material of the perovskite-type Lao.7Ca&r#oyGj (y=O.O5, 0.1 

and 0.2) and 8mol%Y20$rq2 (YSZ), two types of experiments were carried out in 

air. One was by the reaction of powder mixtures. The reaction products were 

identified by X-ray analysis after heating at lOOO-1300°C. The other was the 

experiments using diffusion couples. The distribution of elements at the interface was 

observed by EPMA for the couples heated at 1300°C and 1400 “c . The reaction 

progressed mainly by the dissolusion of calcium ions from the perovskite phase into 
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YSZ. In the perovskite phase, due to the loss of A-site Ca ion, the activity of B-site 

ions increased, resulting in the deposition of the spinel-type COCQO~. The excess 

amount of calcium ions incorporated in YSZ reacted Zro;! to form CaZrQ. Increase 

of cobalt content enlarge the reactivity of the perovskite phase with YSZ. ‘Ihe 

parabolic rate constant of the reaction, k,,, was determhred by the thickness of CaZrQ 

at the interface of the diffusion couples. Calculated kP were 2.9~ 10-12cm&c~1 and 

2.1 x lo-“cm2sec-’ at 1300°C and 14OO”c, respectively. For the practical application 

as the SOFC interconnector material, the content of cobalt as a sintering accelerator in 

(La,Ca)Cr@ must be controlled at low level to keep the chemical interaction to a 

minimum. 

MATERIALINDEX: perovskite-type oxide, yttria stabilized xirconia, 

lanthanum calcium chromium cobalt oxide 

l.Introduction 

Perovskitetype oxide (4A)CrO3 (A=alkaline earth metals) is one of the most promising 

interconnector material for Solid Oxide Fuel Cells(SOFC) [1,2]. The oxide shows the chemical 

stability against the reducing atmosphere and the high electrical conductivity over a wide range of 

oxygen partial pressures at high temperatures [3,4]. The application to planar-type SOFC is, 

however, difficult for its poor sinterability in air [5]. To obtain dense, gas tight structure without 

sir&ring aids, it is necessary that the densification is carried out in a reducing atmosphere [6]. 

Recentry, Sakai et al.[7] found that a slight chromium deficiency enhanced the sinterability of 

Lal_xCax+yCr@. Another attempt to densify (4A)CrO3 was conducted by Nasrallah et al.[S] to 

substitute B-site chromium ions of the perovskite-type structure for other transition metals such as 

cobalt. They investigated that the partial displacement of lanthanum by calcium and chromium by 

cobalt enhances the sinterability of LaCrO3, and the dense structure with 95% of theoretical density 

was achieved at 1500~ in air. 

To apply the calcium and cobalt-substituted LaCr@ to SOFCs, one of the difficulty is its 

chemical instability with other cell components, such as electrolyte and electrode materials during 

the cell operation because the mutual diffusion of some elements is an important factor that limits 

the life time of SOFCs. In addition, co-firing process of all SOFC components needs the heat 

treatment at high temperature above -135O”c, and it implies high risk of the cell degradation using 

Lar_,CaxCrr_$?o+j as the interconnector material. In this study, to make clear the chemical 
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compatibility of calcium and cobalt-substituted LaCr@ with yttria stabilized zirconia(YSZ) and to 

determine the rate constant of the reaction. 

2.Exoeriments 

2.1. Sample prenaration The powder samples of Lau7Ca&r+Joy~ with y=O.O5, 0.1 and 0.2 

were prepared using solid state reaction: The powders of La203, CaC@ MnCQ and Co304 were 

mixed together in desired metal ratios. The mixed powders were milled in ethanol and dried up, 

and were calcined at 1200°C for 12 hours in air. These process was repeated twice. Obtained 

powder samples were confiied to be the single perovskite-type phase by powder X-ray analysis. 

2.2.Reaction experiments To identify the reaction products, the experiments were carried out 

using both the mixtures of the powders and the diffusion couples. 

Powder experiment; Lao.7Ca&r1_,Coy03 powder and 8mol% Y7,O3 stabilized Zr@ (YSZ, 

Baiichi Kigenso Co.) powder were mixed together by 1:l molar ratio. The mixed powders were 

pressed into pellets, and heated in air at lOOO”c~l3OO”c until 72 hours. The heated pellets were 

crashed into powder, and the reaction products were identified by X-ray powder analysis. 

Experiments using diffusion couples; The green bodies in pellets of Lao7Cau3Cr1_yCoy@ and 

YSZ were sintered at 1400°C in air. The relative densities of the pellets of Lao7Ca&rl_,CoyQ 

and YSZ were 91-93% and 95%, respectively. After the surface of the pellets was polished, YSZ 

pellet was put together face to face with Lar&ao.3Crl_yCoy@ pellet. The couples were heated at 

1300°C and 1400°C in air for various reaction periods. After the diffusion couples were either 

gradually cooled or quenched to room temperature, they separated into two pieces in almost original 

shapes. To confirm the reaction products and the distribution of elements, the surface of each 

pellets were observed by X-ray analysis and either the surfae or the cross-section of each pellets 

were observed by EPMA. 

To determine the rate constant of the reaction, one of the reaction products, CaZt@, was 

quantified as a function of the reaction period at 1300°C and 1400°C for the experiments using the 

diffusion couples. The thickness of CaZrq layer on YSZ pellet was determined by SE1 or SEM 

observations. Because the diffusion couples separated into original two pellets as mentioned 

above, the reacted surface of YSZ pellet was used for natural maker. 

3.Results and discussion 

3.1.Reaction products The reaction products identified by X-ray analysis are listed in TABLE. 1. 

The reaction between Lau.7Ca&rl_yCoy03 and YSZ is classified into the three domain by the 
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reaction products. For y=O.O5, the reaction product is not observed after heating at 1000°C until 

72 hours, however the spinel-type oxide CoCr204 is confkmed as the reaction product above 1100 

“c. CoCr204 is confirmed under all experimental conditions for the reaction of YSZ with y=O.l 

and 0.2. Further, for the reaction between y=O.2 and YSZ at 1100°C - 1300°C , CaZr@ is 

observed in addition to CoCr204. 

For the experiment using the diffusion couples of y=O.2 and YSZ, CoCrzO4 is not confirmed on 

the surface of y=O.2 pellet but on that of YSZ pellet after heating at 1300°C and 1400°C. Typical 

X-ray patterns are shown in FIG. 1. Compared with two X-ray patterns for the reaction of y=O.2 

with YSZ, the powder mixing sample(a) and the surface of YSZ pellet(d), the intensity of CoCr204 

for the pellet sample is much lower than that for the powder mixing sample. Since the contact area 

between YSZ and the perovskite-type oxides for powder sample is much larger than that of the 

diffusion couple, the relative density of the reaction product became much larger for the powder 

mixing samples. 

3.2.Distribution of elements To clarify the difference in the reaction between YSZ and 

LaoCao$rQ with different Co content, we observed the distribution of each elements for the 

diffusion couples of y=O.lNSZ and y=O.2NSZ, respectively. 

For the reaction between y=O. 1 and YSZ, the results of the qualitative analysis on the reacted 

surface of each pellets are shown in FIG.2. While CaZrO3 was not confirmed as a reaction product 

for the powder mixing sample, the high intensity of calcium is observed on YSZ surface, 

suggesting that much Ca ions dissolved into YSZ. The intensity of other components of the 

perovskite-type oxide such as lanthanum and chromium are small compared with that of calcium, 

and the distribution of zirconium into the perovskite-type oxide is not confirmed. 

For the reaction between y=O.2 and YSZ at 14OO”c, SE1 and X-ray maps of the cross-section at 

the reacted interfaces are shown in FIG.3. The tendency of the distribution of each elements are 

similar to that for the reaction of y=O. 1 and YSZ. The remarkable dissolusion of Ca ions and slight 

amount of La ions into YSZ were confirmed. Also, the reaction layer of CaZrq phase in YSZ 

pellet is clearly observed in SEI. At the surface of CaZr@ phase, thin layer of Cr and Co ions is 

confirmed. It suggests that CoCr204 deposits in close vicinity to CaZrO, phase, and the result is 

consistent with that by the X-ray analysis. 

In consequence, the progress of the reaction between Lal_,CaxCrl&oyQ and YSZ is 

considered as follows. First, Ca ions in the perovskite-type oxides diffuse into YSZ at high 

temperatures. 

CaO(in perovskite phase) - CaO(in YSZ) (1) 

The preferential dissolution of Ca ions is considered to be due to lower stability of CaCQ in 

L&r@, as suggested by Yokokawa et a1.[9]. With decreasing in the concentration of Ca ions in 

the perovskite phase according to eq.(l), the activity of B-site ions becomes larger compared with 

that of A-site ions. Excess amount of B-site ions cause the deposition of the spine1 type oxide, 

CoCr204, and excess amount of Ca ions in YSZ react with Zr% to form CaZrO3. 
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CaO(in YSZ) t Zr&(in YSZ) - CaZr@(in YSZ) (2) 

We can conclude that the increase of Co content enhances the activity of Ca ion in the perovskite 

phase, resulting in the formation of the reaction phase such as Cot&O4 and CaZrOg. 

3.3.Deterrnination of rate constant For the reaction using the diffusion couple of y=O.2 and YSZ, 

CaZrQ phase appears clearly in YSZ, and the growth of the reaction layer obey parabolic low at 

1300°C and 1400°C as shown in FIG.4. Therefore, the parabolic rate constant for the reaction, kP, 

is calculated by 

x2 = 2kPt (3) 

where x and t are the thickness of CaZrQ layer and the reaction period, respectively. In FIG.5, k, 

is described in the C.G.S system of units, cm2sec1. The calculated k,, is comparable to that 

determined by the reaction of Lag.&au4CoG3 electrode with YSZ [lo]. In addtion, kP in the 

formation of BaTi by the reaction of BaCOf with Ti@[ll] is also comparable to that in the 

perovskite-type oxides/YSZ system. It implies that the diffusion coefficient of A-site cations in the 

perovskite-type structures, such as Ca ions in CaZr@ and Ba ions in BaTi@, are essentially 

similar irrespective of the kinds of the A-site cations. 

4Conclusion 

The reaction of Lao.7Ca&rl&oy@ with YSZ is mainly progressed by the diffusion of Ca 

ions in perovskite phase to YSZ. Increase of Co content in (La, Ca)CrQ causes much dissolusion 

of Ca ions into YSZ, resulting in the formation of the reaction products, such as CoCr204 and 

CaZrq. The rate constant in the formation of CaZrG3, kp, is relatively large, suggesting that Co 

content in (4Ca)CrG3, as a sintering accelerator, must be controlled at a low level to keep the 

chemical interaction to a minimum for the practical application as the SOFC interconnector material. 
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FIG.l. 

Typical X-ray diffraction patterns of powder mixing experiments of y=O.2(s), y-0.1(b) 
and y=O.OS(c) with YSZ after heating at 1300% for 72 hours, and YSZ surface(d) 

and y=O.2 surface(e) of the diffusion couples after heating at 1300’1: for 96 hours. 
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TABLE.1. 

Reaction products between LQ.~CSIO.~C~.&~O~ and YSZ after hentlng at 
lOOOsC-14009: for the powder mixing reaction until 72 hours in air. 
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FIG.2. 

5 

(crystal:PET) 

EPMA results for LQ.~C~O.~CQ.~CO,.~O~ surface(a) and YSZ surface(b) of the 

diffusion couple after heeting 1300% for 48 hours. 
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Lao.7Cao,3Cro.8Co0.203 YSZ side 

-1Opm 

FIG.3. 

SE1 and X-ray maps for the cross-section of Lq).~pO.3C~,gC~.203/YSZ interface 

after heating at 1300% for 48 hours. 
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FIG.4. 

Relationship between reaction period and thickness of CaZrO3 layer in reaction of 

Lq.7Cpo.3C~.&o0.203 with YSZ at 1300% and 1400%. 



Vol. 30, No. 6 PEROVSKITE ZIRCONIA COMF’ATlBlLITY 687 

-9 

a-13 - 4 
z -14 - 

-15 - 

A 
-16 - 

-17 - 

R \ \ 

-18 I I I I -1 

0.5 0.6 0.7 0.8 0.9 1 

1000/T (K-l) 

FIGS. 

Relationship between parabolic rate constant, kp, and temperature of CaZrO3 

formation by reaction of Lq),7CQ.JCQ.&Og.203 with YSZ. Dashed line &owes 

kp of CaZrO3 formation by reaction of Lq).&q_4Co03 electrode with YSZ[lO]. 

Marks, A and R, show k, of BaTi formation by reaction of BaC03 with 

anatase and rutile in TiQ, respectively[ll]. 


