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Electrical properties of LajsSry4,Co,gFey 505 5
ceramic synthesized by solid-state reaction method
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Lag gSrp 4Coq gFeg .05 5 ceramics was prepared by means of the solid-state reaction
method under the sintering condition of 1100°C for 5 h. The X-ray diffraction and Raman
spectroscopy results indicated that the sample possessed a pseudo-cubic structure. The
temperature-dependent electrical conductivity was measured by the de four-electrode tech-
nique, and the calculated activation energy was 9.64 kJ/mol based on the Arrhenius rela-
tionship. The electrical conductivity relaxation data of the sample under different oxygen
partial pressures (0.1-0.2 kPa) were analyzed and the surface emission coefficients at
600°C, 700°C and 800°C were obtained.
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Exexrpmuni Binacrupocti Kepamikm LaggSr; ,CoygFe;,0, 5, cunTezoramoi meromom
TeepaodasHol peakuii. Yandong Wang, Xinlong Li

Kepawmiky Lag 51, ,Coq gFej ;05 5 orpumano metogom TBepaodastol peaxnii B ymoBax crmikamHs
npu Temmepatypi 1100°C mpotsirom 5 u. PesynbTati peHTreHIBCHLKOI Andpakiiii i paMaHOBCHKOI
CIIEKTPOCKOTI1 TIOKA3aMM, 1[0 3PasoK Ma€ TCEBAOKYOIUHY CTPYKTYypy. TemmepaTypHy B3aesKHICTH
€JIEKTPOIIPOBITHOCTI BUMIpPIOBANIN YOTUPUENTEKTPOAHUM METOAOM TocTiifiHoro crpymy. Pospaxosana
eHepria akTueaIii ckaana 9,64 k/:x/Moas Ha OcHOBI cmiBBigHOIIeHHA Appeniyca. IIpoananisoBano
maHi penakcarlii eJeKTPOTPOBITHOCTI 3pasKa HpHM pISHOMY MaplialbHOMY TucKy Kucaio (0,1—
0,2 kIla), i npusegeno xoedimienTu mosepxHesol emicii mpu 600°C, 700°C i 800°C.

Kepamuka LaggSrg ,C0p gFey 2,05 5 momyuena metogom TBepfodasHOl peakIuy B YCIOBUAX
cuexanusa npu TeMmmepaTtype 1100°C B Teuenue 5 u. Pe3ynabTaThl PeHTTeHOBCKOU AuMpPaKIIuT
¥ PAMAHOBCKOHN CIEKTPOCKONUY TOKA3aJi, UTO 06pasel] MMeeT TCEBJOKYOUUYECKYIO0 CTPYKTYPY.
TeMIepaTypHYIO 3aBUCUMOCTE 9JIEKTPOIIPOBOAHOCTY M3MEPSATN YETBIPEXdIEKTPOIHBIM METOAOM
TIOCTOAHHOTO TOKA, paccunMTaHHas 9HEPTHA aKTuBanum coctaBmia 9,64 kIK/MoJbL Ha OCHOBe
cooTHOIIeHUsA Appenmyca. IIpoaHamusUpPOBAHBI JaHHBIE PeJIAKCAIIUN JJIEKTPOIPOBOTHOCTH
obpasila TpPU PasJIUYHOM MaprnuanbHoM gaBiaennn Kuciopoga (0,1-0,2 klIla), u mpuBegeHbI
Koo(dumeHTsl oBepxHocTHOM smuccun nupu 600°C, 700°C u 800°C.
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1. Introduction

Energy crisis and environmental problems
have become challenges for our society. Solid
oxide fuel cells (SOFC) convert the chemical
energy directly to electricity and play an im-
portant role in the energy conversation and
emission reduction [1, 2].

When fuel gases such as hydrogen (H,)
and methane (CH,) are continuously intro-
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duced to the anode side of SOFC, they are
adsorbed on the surface of the catalytic anode
and diffused through the porous structure of
the anode to the interface between the anode
and the electrolyte. When oxygen or air is
continuously injected into the cathode side,
oxygen is adsorbed on the surface of the cath-
ode. Owing to the catalytic behavior of the
cathode, O, are converted to O?%. Due to a
concentration gradient, O?~ eventually diffuses
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to the interface between the anode and the
electrolyte, where 02 reacts with the fuel
gas, and the lost electrons return to the cath-
ode through the external circuit.

Materials with mixed electron-ion con-
ducting (MIEC) with a perovskite structure
are widely used as cathode materials of
SOFC, oxygen separation membranes and
oxygen sensors due to their high oxygen
permeability rate and high oxygen ion con-
ductivity. Most of these materials are tran-
sition-metal oxides with rare-earth ele-
ments; and materials based on LaCoO5; have
attracted much attention for their stable
and fast transportation capacity of oxygen
ions. J.Castro-Robles et al. and W.Wang et
al. carried out important studies on the
electrical properties such as the hopping
conductivity of small polarons and the sur-
face oxygen emission coefficient [3-5].
However, the mechanisms for electrical con-
ductivity, relaxation and other properties
are still not well understood and more de-
tailed study should be conducted.

In this paper, we study the preparation
condition, structure and electrical proper-
ties of Lao_68r0_4C00_8Feo_203_6 ceramics.

2. Experimental

Lag gSrg 4C0q gFep 203_5 ceramics (LSCF)
is synthesized by many methods such as hy-
drothermal, so-gel and solid-state reaction
[4—5]. The hydrothermal reaction is per-
formed in a pressure vessel, in which water
is used as a solvent, and the original pow-
ders are dissolved in water and then recrys-
tallized. This method has the advantages
such as high crystallinity, perfectly fine
grains, good distribution, low cost and low
reaction temperature, but also has disadvan-
tages such as long reaction period, equip-
ment dependence. The reaction mechanisms
of the hydrothermal method are still un-
clear now. The so-gel method is common in
preparation of functional ceramic powders,
and has the merits of fine grains, high pu-
rity, good uniformity, low reaction tempera-
ture. The disadvantages of this method are
long reaction period, high cost and so on.
The solid-state reaction method has the ad-
vantages of simple process, high production
efficiency, batch production and control-
lable process.

In this work, we adopted the solid-state
reaction method to prepare LSCF ceramics.
The chemical reaction equation is as follows:

0.8Lay,0O5 + 0.45rCO53 + 0.4C0,05 + 0.1Fe,05 —
- L3068r04C008F60203_5 + 0.4:C02T. (1)
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The reagents were first weighted accord-
ing to the formula, and then were thoroughly
grounded in an agate mortar for 1 h. The
mixed powder was calcined at 500°C for 5 h
and was grounded again. Then, the calcined
powder was pressed into rectangle green sam-
ples (20 mmx15 mmx1 mm in dimension)
under 50 MPa. Finally, these green samples
were sintered at 1100°C for 5 h in air and
naturally cooled.

To determine the crystal structure, pow-
der XRD measurements at room tempera-
ture were carried out on a diffractometer
DX-2700 (Dandong, China) with Cu—-Ka ra-
diation. The measurement step and the
counting time were 0.02 deg and 3 s, re-
spectively. Raman spectrum was recorded
on an XploRa spectrometer (Horiba Jobin
Yvon, France) with the 532 nm line of a
Nd:YAG laser. The surface morphology of
the samples was characterized by scanning
electron microscopy (SEM, EVO MAI10,
Zeiss, Germany).

Before the electrical measurement, the
sample was cut into pieces 3 mm wide. The
Ag paste was used as an electrode, and the
distance between two adjacent electrodes
was 7 mm. The sample was placed in a muf-
fle furnace with a controlled measured tem-
perature. The temperature range was 30—
650°C, and the heating rate was 3°C/min.
The resistance data were collected by a
Keithley 2400 source meter, and conductiv-
ity was calculated from the geometric di-
mensions of the sample.

The principle of measuring the relaxation
of electrical conductivity

For a stripy sample, the transport of
oxygen ions obeys Fick’s second law [5]

oC 92C = 9%C (2)
% _p T T
ot (ax2 " 8y2J

When the thickness of the sample is
close to the characteristic depth of oxygen
diffusion, the above equation can be rewrit-
ten as [6]

ft) = o) = o) _ (3)
o(e°) — o(0)

2C%exp(-aDgt/12)
oc%(oc% +C2 + C) /

:1_2
n=1

~1- ex{_ﬂ.

Here we define a new function g(¢)

g(t) = 1 - f(t) =§(f)ju;’((%

= exp(-t/1), (4)
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Fig. 1. XRD pattern of an LSCF sample at
room temperature.

T is the time constant for electrical-conduc-
tion-relaxation process and could be calcu-
lated through the electrical conductivity
data. In general case, the theoretical expres-

sion of T could be written as [6]

e 1-Vvy (5)
Schhem ’
where k.., is the oxygen surface emission

coefficient of the measured sample, Sy is
the ratio between the surface area and vol-
ume, and Vy, is the volume fraction. By fit-
ting the electrical conductivity data at dif-
ferent oxygen partial pressures, we can ob-
tain the time constant, and then get the
value of k.p,,,-

The sample with four electrodes is placed
in a quartz tube furnace, and the tempera-
tures of the furnace are maintained at
600°C, 700°C and 800°C, respectively. A
high purity O,/N, gas mixture was used and
the pressure in the tube was maintained at
1 kPa. When the furnace temperature stabi-
lizes, the O,/N, ratio is adjusted from
0.1:0.9 to 0.2:0.8, and the change in con-
ductivity over time is recorded until the
values become almost constant.

3. Results and discussion

XRD measurements were carried out to
determine the crystal structure of LSCF;
the XRD pattern of an as-sintered LSCF
sample is shown in Fig. 1. Compared with
the standard PDF card and the measure-
ment of Amjad Aman [5], the diffraction
peaks show a well-defined crystalline phase
and can be indexed by a single pseudo-cubic
perovskite structure without impurity phases.
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Fig. 2. Raman spectrum of an LSCF sample
at room temperature.

Raman spectroscopy is a sensitive tool for
detecting local symmetries and was used to
further analyze the structure of LSCF in a
wavenumber range of 100-1200 cm-—1; the
results are presented in Fig. 2. For the
LSCF sample, two characteristic bands
around 400 cm! and 620 cm! were re-
ported [7, 8]. The Raman spectrum of the
LSCF sample is consistent with the XRD
results and literature results confirming the
cubic structure of the LSCF perovskite.

The SEM image of an LSCF sample is
shown in Fig. 3. The sample has a good
crystallinity, and no second phase segrega-
tion is observed at grain boundaries. The
calculated values of S, and Vy are
1.06-104 ecm™1 and 0.74, respectively, and
the value of Vi, is equal to that obtained by
the Archimedean method.

The temperature-dependent conductivity
of an LSCF sample is shown in Fig. 4. It is
known that the conduction mechanism for
LSCF is the hopping conductivity of small
polarons; and the relation between the con-
ductivity 6 and temperature T can be writ-

ten as [9, 10]
_A_[Ea (6)
o= TeXkabT}

where k; is the Boltzmann constant, E, is
the activation energy of hopping of a small
polaron, and A is the pre-exponential factor.
This equation can be rewritten as:

Ea

Za 1l (7
By T

InoT =1nA -

The plot of In(cT) vs Tl is a straight
line, and E, can be derived from the slope
of the line. From Fig. 8a straight line is
obtained in the low-temperature range, con-
firming the mechanism of hopping conduc-
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Fig. 3. SEM image of an LSCF sample.

tivity of small polarons [8] in LSCF. The
value of E, is found to be 9.64 kJ/mol.
The plots of g(#) vs time at different tem-
peratures are presented in Fig. 5. The de-
pendence of g(¢) satisfies the equation (4),
and the time constant can be fitted. The val-
ues of T for 600°C, 700°C and 800°C are 7.4,
6.4 and 5.7, respectively. The time constant
decreases with increasing temperature, which
is attributed to the higher diffusion rate at a
higher temperature. By substitution of the
values of Sy, and Vi, into equation (5), the
oxygen surface emission coefficient £ was cal-
culated. The values of k& for 600°C, 700°C and
800°C are 3.81:1076 cm-s71, 8.83- 1076 cm-s71
and 4.30-107°6 cm-s™!, respectively, which
are close to the results of secondary ion
mass spectroscopy by Kostogloudis et al.

4. Conclusions

The XRD pattern confirmed a pseudo-
cubic perovskite structure of LSCF;

Characteristic Raman bands at 400 cm™! and
620 cm™1 were consistent with the XRD result.

The plot of In(cT) vs T 1 showed a
straight line, confirming the hopping con-
ductivity of small polarons. The activation
energy calculated from the slope of the Ar-
rhenius relation was 9.64 kJ/mol.

The time constants for the process of
electrical conductivity relaxation were ob-
tained by means of conductivity measure-
ments. The values of the surface oxygen
emission coefficient are 3.31-1078 cm-s71,
3.83.10°% cm-s™! and 4.80-107% cm-s~1 for
600°C, 700°C and 800°C, respectively.

The properties indicate that the
Lag gSrg 4C0q gFep 203_5 ceramics (LSCF) is
suitable for solid oxide fuel cells (SOFC).
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Fig. 4. Arrhenius plot of electrical conductiv-
ity of an LSCF sample.
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Fig. 5. Plots of relaxation of electrical conductiv-
ity of an LSCF sample at various temperatures.
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