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Abstract

A thermogravimetric method has been used for the determination of the oxygen chemical diffusion

coefficients in La1–xSrxMnO3+δ; x=0; 0.05; 0.10; 0.15 (LSM).

A temperature range of 700–1000°C was studied.

The chemical diffusion coefficient varies between 1.6·10–13 and 1.8·10–10 cm2 s–1 for the samples

in the temperature range studied. The activation energy for oxygen chemical diffusion was determined

to be 190–280 kJ mol–1 for the LSM samples. The magnitude of the chemical diffusion coefficients of

the LSM samples does not depend on the strontium site occupation factor.
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Introduction

Strontium substituted lanthanum manganites, La1–xSrxMnO3+δ (LSM) are often used

as cathodes in solid oxide fuel cells (SOFC) because of their high electrical conduc-

tivity, high catalytic activity for oxygen reduction, and chemical and mechanical sta-

bility towards the other components of the fuel cell.

The reduction of oxygen take place at or close to the triple phase boundary,

where gas, electrolyte and cathode meet. It is believed that diffusion of oxygen ions

in the bulk of the cathode can lead to an extension of the triple phase boundary [1, 2].

Knowledge of the oxygen diffusivity in the cathodes is therefore important in order to

improve the performance of the cathode in SOFC. The oxygen diffusion coefficient

can be measured by a number of methods including isotope exchange (18O/16O) (e.g.

[3]) or a potentiostatic step method (e.g. [4]).

In the present work the oxygen chemical diffusion coefficient of La1–xSrxMnO3+δ;

x=0; 0.05; 0.10; 0.15 have been determined with a thermogravimetric method.
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Experimental

LSM powder samples with 0, 5, 10, and 15% of strontium substitution were prepared
from the acetates in a solid state reaction as described by Krogh Andersen et al. [5]. The
LSM powders were analysed with X-ray diffraction (XRD) (Siemens D5000) at room
temperature using CuK

1α radiation to confirm the formation of a single phase. The LSM
powders were also analysed by scanning electron microscopy (SEM) (Jeol 100 CX
TEMSCAN).

TG-measurements were performed on a SETARAM TG92-12 thermobalance.

The experimental TG-equipment is shown in Fig. 1.

Approx. 50 mg of LSM powder were heated in nitrogen (pO2=10–5 atm) until the
specimen was at equilibrium. The atmosphere was subsequently changed from nitro-
gen to a gas containing 50 vol% nitrogen and 50 vol% oxygen. The resulting mass
change was then measured as a function of time. Isothermal measurements were per-
formed at 700, 750, 800, 850, 900, 950 and 1000°C. Each measurement was per-
formed more than once to estimate the experimental precision. The TG analyses were
corrected for buoyancy by subtracting a blank run.

For spherical crystallites the chemical diffusion coefficient and surface ex-

change coefficient can be determined from [7]:
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Fig. 1 Experimental set-up for the determination of the chemical diffusion coefficient
and surface exchange coefficient



where Mt is the mass gain at time t, and M ∞ is the total mass gain. βn is the nth positive

solution to βncot(βn)+L–1=0 and L=ak/
~
D, where

~
D is the chemical diffusion coeffi-

cient, k is the surface exchange coefficient for a 1. order surface reaction, and a is the

radius of the crystallites determined by XRD and SEM.

Results and discussion

The chemical diffusion coefficients and the surface exchange coefficients were deter-

mined by a TG experiment, where the oxygen partial pressure was changed from

approx. 10–5 to 0.5 atm. Figure 2 shows the relative mass change of a thermogravi-

metric curve, which have been used for determination of the chemical diffusion coef-

ficient and the surface exchange coefficient by Eq. (2).

The diffusion of the oxygen ions into the LSM crystallites could be followed,

and the magnitude of
~
D and k could be determined from the mass change as a func-

tion of time. These parameters are governed by the defect chemistry of the

perovskite, which is a function of oxygen partial pressure. Therefore, the diffusion

coefficient and the surface exchange coefficient are also changed as the oxygen par-

tial pressure is changed. The parameters, which were determined in this project, were

therefore éffective parameters, as the oxygen partial pressure was varied during the

experiment.

Chemical diffusion coefficient

The oxygen chemical diffusion coefficients
~
D for LSM5 and LSM15 are shown as a

function of inverse temperature in Fig. 3. Chemical diffusion coefficients and activa-

J. Therm. Anal. Cal., 64, 2001

MIKKELSEN, SKOU: PEROVSKITES 875

Fig. 2 The relative mass change of a thermogravimetric curve, which have been used
for determination of the chemical diffusion coefficient and the surface exchange
coefficient



tion energies for all the samples are given in Table 1. The experimental error was less

than 20% for the chemical diffusion coefficient.

No particular correlation between the diffusion coefficient and the strontium site

occupancy factor is seen.

There are no interstitial oxygen atoms in the perovskite lattice [8], so the diffu-

sion of oxygen ions through the perovskite lattice is due to migration of the oxygen

ion vacancies.

The oxygen incorporation in the perovskite lattice is given by reaction 2 for

LSM.

1
2 2 O

••

Mn

X

O

X

Mn

•O +V +2Mn O +2Mn↔ (2)

The oxygen chemical diffusion coefficient
~
D is related to the vacancy diffusion

coefficient DV by:
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where W is the thermodynamic enhancement factor, which is given by
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where cO is the concentration of oxygen in the perovskite lattice.

Isothermal values of DV are approximately constant for the La1–xSrxTmO3

perovskites, Tm=Cr, Mn, Fe or Co [9]. Isothermal changes of
~
D as a function of stron-

tium site fractions are therefore, according to Eq. (3), due to changes in W or in the

concentration of oxygen ion vacancies.
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Fig. 3 Oxygen chemical diffusion coefficients for LSM5 and LSM15 as a function of
inverse temperature. Lines are least squares fit to Arrhenius behaviour



The oxygen stoichiometry for the LSM perovskites does not vary much, as the

strontium site fraction is varied, for the oxygen partial pressure examined in this pro-

ject [10]. This indicates that the value of W, which is given by Eq. (4), does not

change much as a function of strontium site fractions.

The substitution of lanthanum manganite by strontium on the A-site of the

perovskite results either in the oxidation of manganese or the creation of oxygen ion

vacancies. In LSM, manganese does get easily oxidized, and accordingly oxygen ion

vacancies are not created by strontium substitution.

SrMnO (LaMnO ) Sr +Mn +3O3 3 La Mn

•

O

X→ ′ (5)

Therefore, the concentration of oxygen ion vacancies does not depend on the

strontium site occupation factor.

To sum up, the value of W, DV and the concentration of oxygen ion vacancies do

not depend on the strontium site occupation factor. According to Eq. (3), this explains

why the strontium site occupation factor does not have any influence on the magni-

tude of
~
D. This is also observed by Berenov et al. [11]. The values of

~
D obtained in

this work are also comparable with values from literature [11].

Activation energy

The chemical diffusion coefficients at 900°C and activation energies for oxygen

chemical diffusion in LSM obtained in this work are listed in Table 1 together with

activation energies from literature.

Table 1 Oxygen chemical diffusion coefficients at 900°C and activation energies for oxygen
chemical diffusion in LSM perovskites obtained in this work and activation energies ob-
tained by Yasuda et al. [12]

Sample
~
D/cm2 s–1 ∆HD/kJ mol–1 Yasuda et al. [12]

LaMnO3±δ 3.4E-11 220 –

La0.95Sr0.05MnO3±δ 7.3E-12 243 265

La0.9Sr0.1MnO3±δ 6.5E-11 279 278

La0.85Sr0.15MnO3±δ 9.4E-12 189 253

It is seen that activation energies estimated in this work are comparable to values

obtained by Yasuda et al. [12]. No particular correlation between the activation ener-

gies and the strontium site occupation factor is found.

Surface exchange coefficient

The surface exchange coefficients vary between 3.9·10–8 and 2·10–6 cm s–1 for the
samples in the temperature range studied. The magnitude is in fair agreement with
values obtained by Berenov et al. [11]. The surface exchange coefficients for the
samples are determined with some uncertainty. The surface reaction coefficients will
often be determined with some uncertainty in materials, which exhibit a slow diffu-
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sion [13]. For these materials, the diffusion of the oxygen ions is the rate-limiting step
and accordingly a minimum value of the surface exchange coefficient will be deter-
mined. The change in gas from nitrogen to 50 vol% nitrogen and 50 vol% oxygen
must be fast in order to measure the surface exchange coefficient for a surface reac-
tion. Therefore, the uncertainties in the values of the surface exchange coefficients
could also to some extend have been reflected by difficulties in the gas exchange.

However, the main property of the LSM samples is the slow bulk diffusion of

oxygen.

Conclusions

The thermogravimetric method is a good technique for the determination of the

chemical diffusion coefficient in perovskites.
The oxygen chemical diffusion coefficients vary between 1.6·10–13 and

1.8·10–10 cm2 s–1 for the LSM samples in the temperature range of 700–1000°C.
The content of strontium does not have any significant influence on the magni-

tude of the chemical diffusion coefficient of the LSM samples.
The activation energies for the oxygen chemical diffusion were determined in

the range 190–280 kJ mol–1 for the LSM samples.
The surface exchange coefficients were measured with some uncertainty due to

the slow diffusion of oxygen ions in the LSM samples.
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