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Abstract

A kind of cathode material of Pr;_,Sr, FeO; (x=0-0.5) for intermediate temperature solid oxide fuel cells (IT-SOFCs) was prepared by
the coprecipitation method. Crystal structure, thermal expansion, electrical conductivity and electrochemical performance of the Pr;_,Sr,FeO;
perovskite oxide cathodes were studied by different methods. The results revealed that Pr;_,Sr,FeO; exhibited similar orthorhombic structure from
x=0.1t0 0.3 and took cubic structure when x = 0.4-0.5. The unit cell volume decreased and the thermal expansion coefficient (TEC) of the materials
increased as the strontium content increased. When 0 <x < 0.3, the samples exhibited good thermal expansion compatibility with YSZ electrolyte.
The electrical conductivity increased with the increasing of doped strontium content. When x =0.3-0.5, the electrical conductivities were higher
than 100 S cm™!. The conductivity of PrygSry,FeO3 was 78 S cm™! at 800 °C. Compared with the Lag gSro,MnO3 cathode, ProgSrg,FeO; showed

higher polarization current density and lower polarization resistance (0.2038 2 cm?). The value of I, for PrygSry,FeOs at 800 °C is 123.6 mA cm™2.

It is higher than that of Lag gSro,MnOs. Therefore, Pr;_,Sr,FeO; can be considered as a candidate cathode material for IT-SOFCs.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

For solid oxide fuel cells (SOFC) cathodes, the selected
materials must have superior catalytic activity, chemical and
structural stability and compatibility with adjacent cell com-
ponents, not only under operation conditions, but also at
high temperatures where the membranes are fabricated [1-3].
The lanthanum manganite-based perovskite oxides, such as
La;_,Sr,MnO3 (particularly, x=0.1-0.3), have been used
extensively as the cathode material for SOFC [4-7]. How-
ever, the lanthanum strontium manganite perovskite oxide
has some disadvantages, for example, low ionic conductiv-
ity. Particularly, the low oxide ion conductivity product of
the pyrochlore oxide LayZr,O7 is formed at the boundary
with the yttria-stabilized zirconia (YSZ) electrolyte when the
annealing temperature is above 1200 °C [5]. Strontium-doped
lanthanum cobaltile/ferrites-based oxides possess excellent
mixed-conduction characteristics, relatively high ionic con-
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ductivity and high catalytic activity for oxygen reduction
[8,9]. Nevertheless, Strontium-doped lanthanum cobaltile-based
oxide exhibits high thermal expansion coefficient (TEC) and
detrimental reaction with traditional stabilized zirconia elec-
trolyte [10]. The perovskite compositions with Co, Ni, and Mn
B-site cations indicated poor chemical, long-term performance
stability and lower power densities than Fe as B-site cation
[11,12]. Sakaki et al. reported that better catalytic activity can
be achieved by replacing lanthanum with heavier earth metal
in A-site of the LnMnOs (Ln=Pr, Nd, Sm, Eu, Gd) material,
which can also hamper the reaction between the cathode and
electrolyte [5]. Therefore, better stability and performance of
cathodes can be expected by replacing La with Pr in A-site and
replacing Mn with Fe in B-site of the composition.

Structure and magnetism of Pri_,Sr,FeO3;_, (PSF) were
reported by H.W. Brinks [13]. However there is no system-
atic report about praseodymium ferrite as cathode material for
SOFCs. In this work, the Pri_,Sr,FeO3 (x=0-0.5) perovskite
oxide cathodes were studied as a novel cathode material for
SOFCs. The crystal structure, electrical conductivity, thermal
expansion compatibility, reactivity with YSZ electrolyte and the
electrochemical performance were studied.
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2. Experimental

Small batches of perovskite powders comprising a range
of compositions described by Pri_,SryFeOs; (x=0-0.5)
and LaggSrooMnO3 (LSM20) were prepared as the cath-
ode materials for SOFCs. For this purpose, precursors
were synthesized by the coprecipitation method. Stoi-
choimetric amount of Pr(NOs3)3-6H,O, Mn(NO3);-6H50,
Fe(NO3)3-9H,0, La(NO3)2-6H20 and Sr(NO3), (all with a
purity level of >99.9%, Gansu Rare Earth) were dissolved into
water and then titrated into NH4HCO3/NH3-H>O (pH=10.0)
buffer solution which was stirred constantly. After washed by
deionised water, the precursors were subsequently heated at
1000 °C for 2 h to obtain the powders. The milled powder was
made into rod by being uniaxially pressed under a pressure of
25 MPa and then sintered at 1200 °C for 6 h for measuring ther-
mal expansion coefficient. The dimension was approximately
2mm x Smm X 12 mm.

The crystal structures of the synthesized powders were char-
acterized with Rigaku D/max-] [B X-ray diffractometer (XRD)
using Cu Ka radiation. The electrical conductivities were mea-
sured with temperature range from 400 to 900°C by the
four-probe dc method. The electrical conductivities were mea-
sured using Keithley 2400 sourcemeter. The thermal expansion
coefficients (TEC) were obtained in air with a Netzsch dilatome-
ter. Samples were heated at a rate of 10 °C min~! up to 1000 °C.

In order to study the reactivity of Pr_,Sr,FeO3 cathodes with
YSZ (Tosoh, Japan) electrolyte, the Prg gSro2FeO3 cathode and
YSZ electrolyte powders were mixed in a weight ratio of 1:1,
pressed into pellet under an uniaxial pressure of 25 MPa, heated
at 1200 °C for 6 h and then at 800 °C for 100 h. The reaction
product was detected using XRD.

A YSZ electrolyte pellet was prepared by being sintered at
1550°C for 6 h with the size of 15 mm in diameter and 0.6 mm
in thickness. Three-electrode set-up was used to measure the
electrochemical performance. The powders of Pri_,Sr,FeO3
(x=0.1-0.5) were made into slurry by being mixed with ethyl-
cellulose binder and organic solvent (terpineol). The slurry was
screen-printed onto one side of the electrolyte pellet before being
sintered at 1200 °C for 2 h to prepare cathode (WE). The cathode
area was 0.25 cm2. A commercial Pt paste (PC-Pt-7840, Sino-
Platinum Metals) was painted on the cathode side as reference
electrode (RE) and painted to the other side of the electrolyte pel-
let as the counter electrode (CE) (Fig. 1). The counter area was
0.49 cm?. The Pt electrodes were fired at 850 °C for 30 min. The
electrochemical performance of the cells was measured using
a potentiostat/galvanostat (model PARSTAT® 2273, Princeton
Applied Research). The impedance frequency range was 10 mHz
to 10° Hz with a signal amplitude of 5 mV. The impedance fitting
analysis was controlled with software (Zsimpwin).

3. Result and discussion
3.1. Crystal structure

In Fig. 2a, the XRD patterns of Pr;_,SryFe03 (x=0.1-0.5)
(PSF) are given. The X-ray diffraction results (checked by
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Fig. 1. Holder of three-electrode setup for high temperature electrochemistry
measurement.

XRD phase analysis software) showed that all the prepared
Pri_,Sr,FeO3 (x=0.1-0.5) were single phase perovskite solid
solutions without detectable impurity phases. In this work, the
structure of the compounds with x < 0.3 was the orthorhombic
GdFeOs-type structure (Pbnm space group), which is a distorted
perovskite structure. Each unit cell consists of four units, and has
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Fig. 2. XRD patterns for Pr;_,Sr,FeO3 (x=0.1-0.5).
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Fig. 3. Lattice parameters (Pbnm model) (a, b, c, +/2) and orthorhombic defor-
mation D (%) of Pr;_,Sr,FeOs as a function of Sr content.

the approximate dimensions «/Zap X ﬁap X 2ap, where ap is
the lattice parameter of the ideal cubic unit cell. For x=0.4 and
0.5, cubic structure (space group Pm-3m) was determined as
the approximation of the true structure (agreed with the report
of Brinks [13]). From Fig. 2b, it can be found that the peak
(1 12) position slightly shifted as the strontium content changed
from 0.1 to 0.5. The unit-cell dimensions (Pbnm model) for
Pri_,Sr,FeO3 as a function of the composition parameter x were
shown in Fig. 3 and Table 1. The cell volume decreased with the
increasing of Sr content. In Pry_,Sr,FeO3, the substitution of a
large Sr2* ion (1.44 A) for a small Pr3* ion (1.30 A) [14] will
result in a larger volume. At the meanwhile, the heterovalent
substitution will induce the increase of Fe valence. The smaller
size of Fe** compared with Fe3* will lead to a smaller volume
consequently. In Pri_,Sr,FeOs3, the effect on volume change
brought by the substitution of Fe>* for Fe** was more signif-
icant than that arouse from the Sr** replacement of Pr3+ [13].
Therefore, the volume decreased as the Sr content increased.

In PrFeO3 perovskite structure, the small Pr3*ion located at
the center of the cubic. As a result, the FeOg octahedra are tilted
and rotated to fill the extra space around the Pr3* cation, causing
the distortion. The Goldschmidt tolerance factor ¢ can be used
as a measure of the deviation of the ABOs3 perovskite structure
from the ideal cubic symmetry, [1]

ra +ro

-5 % 1
! ﬁ(’"B"""o) M

where ra, rg, and r, are the radii of A3*, B3*, and O~ ions,
respectively. The tolerance factor for PrFeO3 can be calculated

Table 1

as t=0.93, (the ionic radii of 1.30 A for Pr**, 0.645 A for Fe?*,
1.40 A for 0?7) [14]. Here Fe is in the trivalent state. Actu-
ally, some tetravalent Fe ions will exist as large size of Sr** is
introduced at Pr3* lattice positions because of electronic charge
compensation. Value ¢ will increase because the facts that the
size of Sr?* is larger than that of Pr’* and the size of Fe** is
smaller than that of Fe3*. So the crystal structure was closer to
ideality.

In addition, the orthorhombic deformation (D) quantitatively
expresses the macroscopic distortion relative to the ideal per-
ovskite structure. D defined as [15]:

3

1
D=§Z

i=1

a;—a

x 100 @)

where a;=a, ap =b, a3 = c/v/2,and a = (abc/ﬁ)l/3.The val-
ues of D, calculated for each compound, are shown in Fig. 3 and
Table 1. As can be found, the D value of x=0.1 was the highest
because of the high value of the parameter b. The increase of
Sr content results in the decrease of D, which reaches small-
est value at x=0.4. The D value increases again when x=0.5
because of the deviation of the lattice parameters.

In order to illustrate the effect of Sr content on the size of the
unit cell, the pseudocubic lattice parameter, ', is defined as the
cubic root of the unit cell volume per ABO3 unit:

d = /)3 3)

where z =4 for the oxides of this study. The values of @’ is shown
in Fig. 4. As can be seen, @’ decreases with increasing Sr content
as a result of the oxidation of Fe3* to the smaller Fe** cation.
Another factor is that the formation of the tetravalent Fe ions
is expected to strengthen the Fe—O bonds in FeOg octahedra
according to Pauling’s second rule. As a result, the size FeOg
octahedra and the volume of the perovskite unit cell decrease.

3.2. Conductivity

The effect of Sr content on the electrical conductivities for
Pri_,Sr,FeO3 (x=0-0.5) was investigated. The dependence
of electronic conductivity on temperature was shown in Fig. 5.
As strontium content increases, the electrical conductivity of
Pri_,Sr,FeO3 increases. The electrical conductivity was all
higher than 100 S cm~! when x=0.3-0.5. And Prg 5Sr sFeO3
has a maximum conductivity of 300Scm™' at 550°C. The
electrical conductivity of Prg gSrg,FeO3is 78 S cm~ ! at800°C.
It meets the requirement of SOFC cathode. For La;_,Sr,FeO3
(LSF), similar trend were showed. The highest conductivity,

Lattice parameters (Pbnm model) (a, b, c, \/i) and orthorhmbic deformation for Pr_,Sr,FeO3

x aA) b(A) c(A) volume (A%) cIN2 (A) Orthorhombic deformation D (%)
0.1 5.45576 5.58375 7.81689 238.13 5.5282 0.8053

0.2 5.48914 5.54835 7.7804 236.96 5.5024 0.425

0.3 5.49431 5.51483 7.77684 235.64 5.4999 0.142

0.4 5.4853 5.4900 7.7640 233.81 5.4908 0.04

0.5 5.47799 5.49808 7.75481 233.56 5.4843 0.137
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Fig. 4. Pseudo-cubic lattice constant (a’) of Prj_,Sr,FeO3 as a function of Sr
content.

352Scem™ !, was found at 550 °C for a composition of x=0.5.
The conductivity of Lag gSrg,FeOj3 is similar to Pry gSrg2FeO3
which is lower than 100Scm™! [16]. In Pri_,SrFeO;3 per-
ovskites, substitution of a divalent cation (Sr) for a trivalent
cation (Pr) results in the oxidation of Fe3* cations to Fe** for
charge compensation. As the strontium content increases, the
Fe** charge carriers content increases linearly when x<0.5
(proved by Brinks [13]) and higher electrical conductivity can
be achieved. It is also evident that the electrical conductivity
of Pri_,Sr,FeO3 (x>0.3) decreases when temperature goes
higher. The decreasing trend of electrical conductivity became
more obvious when the doped strontium content increases
because the oxygen deficiency is enhanced at high temperature
with x values increasing. The trend for LSF is same. The
conductivity of Lags5SrgsFeO3 decreases when temperature
goes higher and it will be lower than 100Scm™! at 1000°C
[16]. The decrease is contributed to the fact that formation
of significant amount of oxide ion vacancies which were
accompanied by reduction of Fe** to Fe** at high temperature.
It results in a decrease in the charge carrier concentration [13].
Therefore, the electronic conductivity decreases.
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Fig.5. Temperature dependence of the electrical conductivity for Pr_,Sr,FeOs.
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Fig. 6. Linear thermal expansion curves for Prj_,Sr,FeO3; as a function of
temperature.

3.3. Thermal expansion

The thermal expansion curves of Pri_,Sr,FeOs (x=0-0.5)
were shown in Fig. 6. For the electrode fabrication process,
the adoption of the co-firing process of the electrolyte and
electrode is vital. TEC match between electrolyte and elec-
trode is very important. The thermal expansion depends on the
electrostatic attraction forces within the lattice [17] and was
affected evidently by the concentration of oxygen vacancy in
Ln;_Sr:MOs3 perovskite oxides. It can be found from Fig. 6
that the thermal expansion coefficients increased as the stron-
tium content raise and the thermal expansion curves are nearly
linear. For x=0.4 and 0.5, the curves are linear only when the
temperature is lower than 600 °C and they become steeper at
high temperatures. This can be explained by the fact that the
electrostatic attraction decreases when the strontium substitutes
praseodymium. The electronegativity of Pr’* (1.1) is larger than
that of Sr%* (1.0), which results in the increasing TEC when
Sr2* content increases from 10 to 50 mol%. Additionally, the
variations of TEC are also related to the defect structures of
Prq_,Sr,FeO3, which depend on the different strontium content
and temperature. As the temperature increases, more oxygen
vacancy and less Fe** formed. The content of Fe3*, which pos-
sesses a larger ionic radius and weaker electrostatic attraction
forces than Fe**, increases while the content of Fe** decreases.
In addition, the reduction of the Fe** cation causes a decrease in
the Fe—O bond strength according to Pauling’s second rule, and
hence the size of BOg octahedra increases, thus enhancing the
lattice expansion. Oxygen deficiency is also enhanced at high
temperature. Thus the TEC increases quickly at high temper-
ature. The thermal expansion coefficients of Prj_,SryFeOj3 for
x=0.1-0.3 match well with YSZ (10.8 x 107°K~!, measured
by our lab.) electrolyte. The TEC of PSF20 (12.1 x 106 K~1)
was similar to the TEC of LSF20 (12.0 x 107 K~! [18]). The
reason is that Pr>*and La®* have the same electronegativity value

(1.1).



J. Piao et al. / Journal of Power Sources 172 (2007) 633—640 637

3.4. Impedance analysis for Prj_xSryFeOj3 cathodes

The electrochemical performance is an important property
of cathode for SOFCs. In this study, the cathode polar-
ization resistance (Rp) and polarization current density of
Pri_,Sr,FeO3 (x=0.1-0.5) and Lag g Srg ,MnO3 have been mea-
sured at 800 °C. The complex impedance spectra were given in
Fig. 7. Fits to these data show that the complex impedance plots
are all composed of two arcs from x=0.1 and 0.5. It shows that
the oxygen reduction reaction is at least limited by two electrode
processes during molecular oxygen reduction. The equivalent
circuit LRy(QR)(CRq) was showed in Fig. 7. L is attributed
to high-frequency artifacts arising from the measurement appa-
ratus. R is the ohmic resistance of electrolyte and lead wires
(note that this part is not shown in the present data) [19]. The
high-frequency arc is ascribed to charge-transfer resistance (R.)
from the electrode/YSZ interface into the YSZ electrolyte and
the low-frequency arc to the diffusion resistance (Rq) [17,20]. R,,
includes the R and Rq. It can be found that compared with the
traditional LaggSrg>MnOj3 cathode, the samples (x=0.1-0.3)
possess lower R, values and the lowest R, value achieved
for Pro.gSro2FeO3. The R, value of ProgSro2FeO3 cathode at
800°C is 0.2038 Q2 cm?. Fig. 8 also shows that Prg gSrg2FeO3
possessed optimum polarization current density and was bet-
ter than that of LaggSrg2MnOs3. This can be explained that
Pro gSrg,FeO3 possessed the lowest oxygen ion transfer resis-
tance between electrode and electrolyte (Fig. 9). Although the
conductivities of Pri_,Sr,FeO3 (x from 0.3 to 0.5) are higher
than PrggSrg2FeOs, the role of oxygen ion transfer resistance
between electrode and electrolyte was more significant than the
role of the cathode conductivity in the electrode electrochemical
performance.

Fig. 10showed the impedance spectra plots and the fitting
curves for the PrggSroFeOs cathode at different tempera-
tures. For Prp gSrg2FeOs, the high-frequency arc is larger than
the low-frequency arc from 750 to 850°C, which indicates
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Fig. 7. The cathodic complex impedance plots of Pri_,Sr,FeO3; and
Lag gSrgoMnO3 at 800 °C in air.
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Fig.9. Charge-transferresistance between electrode and electrolyte as a function
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charge-transfer processes probably limit the electrode reac-
tion. As the temperature increase, both Rg and R values of
Pro 3Srg,FeOs decrease significantly (as shown in Table 2) and
the sizes of high-frequency arc (QR.() and low-frequency arc
are decreased gradually. It also showed that the diffusion resis-
tance Rgq was similar at 800 and 850 °C. The high-frequency arc
is larger than the low-frequency arc from 750 to 850 °C, which
typically indicates that the charge-transfer processes is the rate-
limiting step in the cathode reaction. These results showed that
under cathodic polarization the kinetic processes of the oxy-
gen reduction are not only controlled by charge-transfer but

Table 2
Parameters obtained by fitting ac impedance curves for PSF20 at different
temperature

T(°C) Rs (Qcm?) Ret (Qcm?) Rq (Qcm?) Ry (Qcm?)
750 1.865 0.6737 0.2124 0.8861

800 0.7441 0.1871 0.0167 0.2038

850 0.5538 0.1428 0.02097 0.1638
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Fig. 10. Impedance spectra measured under open circuit condition at different temperature in air for Prj_,Sr,FeOs cathodes.

also by adsorption/desorption and diffusion of oxygen. This
corresponds to the fact that the oxygen reduction reaction is
achieved through reaction steps such as adsorption, dissocia-
tion, diffusion, and charge transfer [21]. In the present study,
the Pry §Stg 2FeO3 cathode displays a R}, value of 0.1638 2 cm?
at 850°C, 0.2038 €2 cm? at 800 °C and 0.8861 Q cm? at 750°C
Perry Murray and Barnett reported that the polarization resis-
tance of LaggSrgoMnOj3 cathode was 3.15Q cm? at 750°C
under open circuit on YSZ electrolyte substrates [19]. It is
apparent that the PrggSrg2FeOs cathode possessed better per-
formance than Lag gSrg>MnOs.

The total oxygen reduction reaction (ORR) requires the
presence of gaseous oxygen and good electronic conductivity
in the electrode material as well as the possibility for cre-
ated oxide ions to be transported away from the reaction site
into the bulk of the electrolyte [22]. The triple phase bound-
ary (TPB) between electrode, electrolyte and gas phase in the
bulk of the electrode can meet the requirements. Hence, it is
conceivable that the polarization resistance of the optimized
composite electrode is decreased by extending the length of
TPB, which results in much lower overpotential toward oxy-
gen reduction, and by increasing the oxygen diffusion upon
addition of an ionic conducting phase (electrolyte). Perry Mur-

ray and Barnett compared the performance of the LSM-GDC
(Cep.8Gdp202—_5) and LSM-YSZ composite cathodes with the
pure LSM cathode. Their research showed that the composite
cathode possessed better performance than pure electrode mate-
rial. The R, value of the LSM-GDC50 composite cathode was
0.49 Q cm? and that of LSM-YSZ50 composite cathode was
1.31 Qcm? at 750 °C. The Ry, value of the pure LSM was the
highest (3.5 Q2 cm?) [19]. Thus the performance for PSF-GDC
and PSF-YSZ composite cathodes are to be studied in the next
step work.

3.5. Determination the exchange current density (Ip) of the
ProgSroo2FeO3

The exchange current density, Ip, can be calculated from the
charge-transfer resistance R (obtained from the fitting data of
electrochemical impedance spectroscopy) according to the Eq.
(4). The Eq. (4) is derived from the low current density regime
approximation to the Bulter—Volmer equation is [20,23]:

Iy = RT/nFRy 4)

where n is the number of electrons which contribute the charge
transfer reaction; R is the gas constant; F'is the Faraday constant
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and T is the absolute temperature. For the oxygen reduction
reaction, n is assumed to be 4.

Values of Iy for PrggSrg,FeOs at different temperature
and LaggSrgo2MnOs3 at 800°C obtained from Eq. (4). The
Iy values of PrygSrg,FeO3 increases from 34.3mAcm™2 at
750°C to 161.9mAcm~2 at 850°C. The value of I, for
ProgSrg2FeO3 at 800°C is 123.6mA cm™2, which is higher
than that of Lag gSrg>MnO3 (74.3 mA cm™~2, measured by our-
self). The values of I for Prq gSrg 2 FeOs3 at different temperature
are also higher than those of Prgss5Srg4MnO3 cathode (only
2.80mA cm~2 at 750°C and 4.69 mA cm~2 at 850°C) [24].
These results suggest that the electrocatalytic activity of the
Prg St oFeOj3 is higher than that of the Lag g§Srg,MnO3. These
results also suggest that the electrocatalytic activity of ferrites-
based oxides is higher than manganite-based oxide when the
A-site element is the same. The reason is that substitution of a
divalent cation (Sr) for a trivalent cation in A-site results in the
excellent mixed-conduction characteristics and relatively high
ionic conductivity by the creation of more oxygen vacancies in
ferrites-based perovskite oxides [8,9]. The oxygen vacancies on
the electrode surface provide the reaction site for the reduction
of the molecular oxygen and provide the pass way for the diffu-
sion of the reduced oxygen ions [25,26]. Therefore, as a mixed
ionic-electronic conductor (MIEC), PrggSrg,FeO3; improved
the diffusivity of the oxygen ions from electrode surface to TPB.
In other words, the ORR occurs at the air/PSF20 interface, as
well as at the air/PSF20/YSZ triple phase boundary, while in the
case of LSM, only the air/LSM/YSZ triple phase boundaries are
active. It is apparent that the reason Pry g§Srg2FeOs cathode has
better performance than Lag gSrgoMnOj is that Pry gSrg2FeO3
has larger oxygen ionic conductivity.

3.6. Reaction test

Fig. 11shows the XRD pattern of the PSF20-YSZ mixture,
heated at 1200°C for 6 h and then at 800 °C for 100h. It can
be found that no new phase was produced. No pyrochlore-type
PryZr,O7 and SrZrO7, which have poor oxygen ionic conduc-
tivity even at high temperatures and result in producing a high
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Fig. 11. The XRD pattern of the PSF20-YSZ mixture annealed at 1200 °C for
6h and then heat-treated at 800 °C for 100 h.

ohmic resistance between electrode and electrolyte, were formed
between the optimized composition of the sample (20% Sr
content) with YSZ electrolyte. For LSF20, there was a trace
amount of YFe,O4 between PSF20 and YSZ after reaction
at 1000°C [14]. Pr3* replaced La3* at A-site can hamper the
reaction between the cathode and electrolyte. The result was
same with the report of Sakaki et al. [5]. It can be explained
that PryZr,O; was suppressed because the wide solid solu-
tion range of Pr/Zr appears in PryZryO7, which transforms to
a disordered fluorite structure at higher temperature [27]. Com-
pared to the XRD patterns of PSF20 (omitted in Fig. 11) in
Fig. 2a and cubic Y(.15Zr9 850193 (Card No. 30-1468), the
PSF20 unit cell volume and the cubic YSZ unit cell volume
all slightly expanded. The volume expansion can be attributed
to the Zr and Y ions diffusion from YSZ into perovskite lat-
tice of PSF20. And the Pr and/or Sr ions diffused into the
lattice of YSZ. The diffusion would result in cell expansion
because the jonic radii of Y3* (0.9A) and Zr** (0.72A) are
larger than the Fe* (0.645 A) and Fe** (0.585 A), and the ionic
radii of Pr and Sr are larger than those of Y and Zr [8,28].
Pro 3Srg,FeOs exhibits superior chemical stability with YSZ
electrolyte.

Next steps for this study are to study the performance of
PSF-YSZ and PSF-GDC composite cathodes and the long-term
stability of the PSF20 on YSZ electrolyte under SOFC operating
conditions.

4. Conclusion

The physical properties and electrochemical characteristics
of Sr-doped praseodymium ferrite were investigated. All the
samples of Pri_,Sr,FeO3 (x=0-0.5) were single phase. The X-
ray diffraction results showed that Pr;_,Sr,FeOs (x=0.1-0.3)
exhibit the orthorhombic PrFeOs; structure and took the
cubic structure when x=0.4 and 0.5. The unit cell volume
decreased with increasing strontium content due to smaller
size of the Fe** (0.585A) as compared with that of Fe**
(0.645 A) in B-site. It has well thermal expansion compatibility
with YSZ electrolyte when x <0.3. The electrical conductiv-
ities of Pri_,SryFeO3; were all higher than 100 S cm~! when
x=0.3-0.5. The PrggSrg,FeO3; a maximum conductivity of
300S cm~! at 550 °C and Pro §Srp ,FeO3 is 78 S cm~! at 800 °C.
There are lower R, values of the samples which x=0.1-0.3
compared with that of Lag gSro 2MnO3 and the lowest R, value
achieved for PrygSrg,FeOs (0.2038 Qcmz). The value of Iy
for Prg gSrg,FeOs at 800 °C is 123.6 mA cm™2, which is higher
than that of Lag g Srg ,MnO3. Compared with the Lag gSrg 2 FeO3
cathode, Prg g Sty 2FeOj3 exhibits superior chemical stability with
YSZ electrolyte. The Pri_,Sr,FeO3; materials can be used as a
new cathode material for SOFC.
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