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The electrochemical properties of LagysSrysCoggM(.05_5
(M=Mn, Fe, Ni, Cu) cathodes are investigated with chemical
bulk diffusion coefficients (D,em) and polarization resistances.
The electrochemical performance of long-term testing for
Lag 5Srg 5C00.gCuqy,03 5 cathode was carried out to investigate
its electrochemical stability. In this work, an anode-supported
single cell with a thick-film SDC electrolyte (30 pm), a
Ni-SDC cermet anode (1 mm), and a LagsSrg5Co0g5Cuy,03_5
cathode (10 ;tm) reaches a maximum peak power density of
983 mW/cm” at 700°C. Obviously, Cu substitution for B-site
of LaysSrypsCo05_s cathode reduced thermal expansion coeffi-
cient (TEC) value and enhanced oxygen bulk diffusion and
electrochemical properties. LagysSrys5Co0ygCuy,03 5 is a
promising cathode material for intermediate temperature solid
oxide fuel cells (IT-SOFC).

I. Introduction

ECENTLY, as electrochemical devices that directly convert

the chemical energy of fuels into electricity, solid oxide

fuel cells (SOFCs) have received a lot of attention due to
their high electrical efficiency, fuel versatility, noise-free nat-
ure, and low-pollutant emission.'™ To reduce operating tem-
peratures, it is necessary to develop new cathodes that
perform well at lower temperatures (500°C-700°C). However,
the conventional SOFC with the yttria-stabilized zirconia
(YSZ) electrolyte and strontium-doped lanthanum manganite
(LSM) cathode is not suitable for intermediate temperature
solid oxide fuel cells (IT-SOFCs) due to a remarkably
increase in both ohmic resistance primary from the
electrolyte and polarization resistance mainly from the cath-
ode at operating temperatures less than 700°C.> Mixed ionic
electronic conductors (MIECs) exhibiting high ionic and elec-
tronic conductivities have been considered ideal cathodes.®
Employing MIEC materials can reduce cathodic polarization
resistance by extending the active zone of the reaction from
the immediate three phase boundary (TPB) to part of the
cathode—gas interface.!®!! Therefore, central to IT-SOFCs is
the development of alternative cathode materials with high
electrocatalytic activity on oxygen reduction reactions (ORR)
in order to reduce the }z)olarization resistance at the
cathodelelectrolyte interface.!>!?
Recently, strontium-doped lanthanum—cobalt-based oxides
(La;_,Sr,Co0O3) with high electronic conductivity and relative
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high oxygen ionic conductivities have received considerable
attention as a promising material for IT-SOFC cathodes, and
they have been identified to replace the conventional LSM
material."*'® This is due to their high catalytic activity for
the ORR, as well as their excellent electronic and ionic con-
ductivity over a wide temperature range.'”>° MIECs contain-
ing Mn, Fe, Ni, and Cu have demonstrated excellent
catalytic performance under intermediate operating tempera-
ture conditions.”’>* However, cobalt-containing cathodes
encounter some problems such as high thermal expansion
coefficients (TECs) and poor stability as well as the high cost
of cobalt. Significant efforts have been devoted to optimizing
catalytic activity of perovskite oxides through various ion
substitutions to solve the problems of cobalt-containing cath-
odes and to achieve better cell performance at relatively low
temperatures.”* 2® Partial substations of other elements for
cobalt in cobalt-containing cathodes are considered a possi-
ble means to compensate for its disadvantages.”” Generally,
the physicochemical properties of La;_,Sr,CoO; 5 (LSCO)
can be altered by varying its Sr content. Based on previous
research, the oxygen nonstoichiometry (8) of LSCO increases
with increasing Sr content.’®*’ Hence, the ionic conductivity
and TEC of LSCO also increase.’®*! However, the total
LSCO electrical conductivity initially increases with Sr con-
tent and reaches the maximum value at x = 0.5. Above
x = 0.5, the electrical conductivity decreases because of the
charge compensation associated with hole consumption at
higher Sr contents.*> Therefore, LSCO with high Sr content
is harmful to total electrical conductivity while simultane-
ously being advantageous to LSCO ionic conductivity. Con-
sequently, a trade-off between increasing electrochemical
performance and decreasing thermal expansion may be nec-
essary to achieve optimal cathode composition.** In this
study, Lag sSrysCoO;_s-based materials were examined, and
the transition elements such as Mn, Fe, Ni, and Cu were
incorporated into the B-site of Lay sSrgsCoO5_5 to search the
high-performance cathode for IT-SOFCs.

The electrical conductivity relaxation (ECR) technique is
an easy approach to calculate the chemical bulk diffusion
coefficient (D¢pem) along with chemical surface exchange coef-
ficient (kchem) of MIECs because of the high susceptivity of
the electrical conductivity changes in a variety of oxygen par-
tial pressures.**>° ECR technique was used to evaluate the
Dchem of L21045SI'0'5C0048M0'203,§ (M=Mn, Fe, Nl, Cu) cath-
odes. In order to study the stability of cathode polarization
resistance, the long-term testing for a Lag 5Srg 5CogsCug,05_
5/Ceo.sSmg 01 ¢ half-cell also measured in the paper. Finally,
we investigate the influence on single cell performance for
transition element doping on perovskite LagsSrgsCoOs_s.
The single fuel cell with a thick-film SDC electrolyte with
30 pum, a Ni-SDC cermet anode with 1 mm, and
Lag sSry sCo0O5_5 and Lag sSry sCogsCug-,05 5 cathodes with
10 pm were fabricated to evaluate their performance.
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II. Experimental Section

(1) Preparation and Characterization of Cathode
Materials

Highly pure La,O;, SrCO;, CoO, MnO,, Fe,0;, NiO, and
CuO powders (>99%) were used as starting materials to pre-
pare Lao_5Sr0_5COO3,5 and Lao_5Sr0_5C00_gM0_203,5 (M:Mn,
Fe, Ni, Cu) cathode powders (Table I) with a solid-state
reaction technique. To prepare the cathode bulk material,
the Lag sSrg sCoO;_s-based powders were pelletized, and then
the calcined Lag 5Sry sCoO5_s-based cathodes were sintered in
air at 1100°C for 4 h. Ce,gSmg,0;9 (SDC) electrolyte pow-
der was synthesized via coprecipitation using Ce(NO3);-6H,0O
and Sm(NO;)3-6H,O as starting materials. This detailed pro-
cedure is outlined in another paper that our group published
elsewhere.*® The densities of the sintered samples were all
greater than 95% of the theoretical density as measured by
the Archimedes method.

The phase structure of the perovskites Lag sSrg sCogsMg
0O5_5 (M=Mn, Fe, Ni, Cu) specimens calcined at 1000°C for
4 h were examined by a X-ray powder diffractometer (XRD;
Rigaku D/MAX-2500V, Rigaku, Tokyo, Japan) by a scan-
ning rate of 4°min~' and a scanning range of 20°-80° using
a CukK, (1.5418 A) radiation source at room temperature.
The thermal expansion coefficients of the Lag sSrgsCog Mg
0O5_5 (M=Mn, Fe, Ni, Cu) specimens air sintered at 1100°C
were measured using a dilatometer (DIL; Model Netzsch
DIL 402 PC, Bavaria, Germany) with a constant heating rate
of 10°C/min in the temperature range of 25°C—600°C in air.

(2) Electrical Conductivity Test for Dpem

Electrical conductivity relaxation (ECR) experiments were
performed on LSCO-based specimens with a typical size of
50 x 1.5 x 1.5 mm® and greater than 95% of the theoretical
density over the temperature range of 500°C-700°C at an
interval of 50°C. After stabilization at least 30 min for each
temperature, a sudden change in the oxygen partial pressure,
from 0.21 to 0.05 atm, was achieved by flowing O, and Ar
into the sample chamber and altering their respective flow
rates using two mass flow controllers. The electrical conduc-

tivity relaxation curve was plotted as % vs. t. The val-
ues for Dyem could be determined by fitting the ECR
curves.*! The experimental details have been reported in an

earlier publication.***

(3) Symmetrical Cell and Long-Term Testing

Lag 5Srg.sCo0O3_s-based cathodes were used as working elec-
trode (WE) for electrochemical measurements in a symmetri-
cal cell arrangement. The Ag reference electrode (RE) was
located approximately 0.3-0.4 cm away from the WE. The
Ag counter electrode (CE) was arranged on the other side of
the sintered SDC disk. Lag 5sSry sCoO5_s-based cathodes were
deposited onto both side of SDC electrolytes using the
screen-print technique, and then sintered at 1000°C for 4 h
in air. The symmetrical testing-cell experiments were per-
formed in the temperature range of 600°C-850°C at intervals
of 50°C in air (Pp,=0.21 atm). The applied frequency ranged
from 100 kHz to 0.1 Hz with a perturbation amplitude of

Table I. Composition and Abbreviation of Lag sSrysCo03_s-
Based Specimens

Composition Abbreviation

Lay 5Srg sC003 5 LSCO

Lag 5Sr9.5C09.sMng 03 5 LSCO(Mn)
Lag 5Srp.5Co¢.8F€0203 5 LSCO(Fe)

Lag 5Sr9.5C00.8Nip.2035 LSCO(Ni)

Lag 5819.5C00.8Cu203 5 LSCO(Cu)
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10-mV AC signal. For long-term testing, EIS was measured
at 700°C during 120 h in air. The exchange current density
(ip) values were calculated from AC impedance measure-
ments. In this technique, i, was measured from the polariza-
tion resistance, R,, of the Nyquist plot, and the total
cathode polarization resistance (Rp) was determined from the
intercepts with the real axis of the impedance loop. The fol-
lowing equation derived from the Bulter—Volmer equation is
used to determine i, values:*

_ RTv
o nFR,

i

Here, n is the total number of electrons passed in the reac-
tion, v reflects the number of times the rate-determining step
occurs for one occurrence of the full reaction, F is the Fara-
day constant (F = 96500 C mol™"), and R is the ideal gas
constant (R = 8.31 J mol”! K™"). For the ORR, n and v are
generally assumed to be 4 and 1, respectively.'* The detailed
calculation procedure could refer to reference*>.

(4) The Single Cell Fabrication and Their Performance

A Ni-SDC anode-supported fuel cells were fabricated to eval-
uate the effect of transition elements doped on B-site of
Lag sSrg sCo0O5 5 cathode on the performance of the single
fuel cells. The Ni-SDC cermet anode was prepared by a mix-
ture of 58 wt% NiO, 38 wt% SDC, and 5 wt% graphite.
SDC powder as electrolyte was then added onto the pre-
pressed green Ni-SDC cermet anode. Next, the SDC powders
and Ni-SDC cermet anode were copressed to form a green
bilayer. They were subsequently cosintered at 1400°C for 4 h
to produce Ni-SDC/SDC anode-supported cell. The cathode
pastes consisted of the Lag sSrgsCoO3 s-based cathode pow-
ders, solvent, binder, and plasticizer were applied onto the
surface of the SDC electrolyte by screen-print technique and
sintered at 1000°C for 4 h. Humidified hydrogen (3 vol%
H,0) was applied as the fuel and air as the oxidant to evalu-
ate the performance of the single cells. The current—voltage
characteristics of the single cells were examined at operating
temperature from 500°C to 700°C at intervals of 100°C. The
single cell with a diameter of 13 mm consisted of a thick
SDC electrolyte (30 pm), a Ni-SDC cermet anode (1 mm),
and the Lag 5Srg sC0o0O3 s-based cathodes (10 um).

III. Result and Discussion

(1) Structure and Thermal Expansion Behavior of Cathode
Materials

The XRD patterns of Lag 5Sry.sCo0O5_5 and
Lay 5Srg.sCopsMo 2035 (M=Mn, Fe, Ni, Cu) specimens cal-
cined at 1000°C for 4 h are shown in Fig. 1. Obviously, as
Cu or Fe doped on B-site of Lag sSrgsCoO;5_s, the perovskite
structure was not significantly distorted. It can be seen that
the pattern of the powders calcined at 1000°C agrees well
with that of the Lag sSrysC00,9; (JCPDS card no. 48-0122).
However, Ni or Mn was doped on LagsSrysCoO5 5, some
secondary phases appeared on the XRD patterns. These sec-
ondary phases may have a deleterious effect on its electro-
chemical properties. Thermal expansion is used to evaluate
the mechanical compatibility for IT-SOFC devices among
anodes, electrolytes, and cathodes at operating temperatures.
A bulk thermal expansion study on LagsSrgsCoO; 5 and
Lag sSrg 5CogsM-03_5 (M=Mn, Fe, Ni, Cu) cathodes was
conducted from room temperature to 600°C using a dilatome-
ter (Fig. 2). The TEC values calculated by fitting the thermal
expansion curves for LSCO, LSCO(Mn), LSCO(Fe), LSCO
(Ni), and LSCO(Cu) were 21.4, 17.7, 20.6, 21.4, and 19.8 ppm/K,
respectively (Table II). Clearly, doping Mn, Fe, or Cu elements
into B-site of LSCO perovskite cathodes reduced the thermal
expansion coefficients, whereas incorporating Ni element into
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Fig. 1. X-ray diffraction patterns of LajsSrysCoOs s and

Lag sSrg.sCogsMg 2035 (M=Mn, Fe, Ni, Cu) specimens calcined at
1000°C for 4 h.
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Fig. 2. Thermal expansions of Laj 5Srg.sCo05 5 and
Lag.5Srg.sCo0.sMg203 5 (M=Mn, Fe, Ni, Cu) specimens as a function
of temperature range of 25°C-600°C.

Table II. Thermal Expansion Coefficients of Laj sSrgsCoO3_
s-Based Specimens Over the Temperature Range of 25°C—
650°C
Specimens TEC (ppm/K)
LSCO 21.37
LSCO(Mn) 17.72
LSCO(Fe) 20.62
LSCO(Ni) 21.38
LSCO(Cu) 19.75

LSCO increased its thermal expansmn coefﬁc1ent This is due
to the fact that the larger ionic size of Ni*" relative to that of
Co®* with hlgh spin. Based on Shannon s report, the ionic
radii of Co®* with high spin and N1 cations with coordina-
tion number of 6 are 0.61 and 0.69 A.*® The thermal expanswn
curves deviated from linearity in some degrees as shown in
LSCO-based cathodes at approximately 300°C for which tem-
perature is not associated with a phase transition. Based on
our pervious report,*’ the high-temperature lattice expansion
was associated with the loss of lattice oxygen. The formation
of oxygen vacancies may be ascribed as follows: (1) the
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repulsion force arising among mutually exposed cations when
oxygen ions were extracted from the lattice; and (2) the
increase in cation size was due to the reduction of the Co ions
from Co*" to Co*" or Co*" to Co>* valences. These must
occur concurrently with the creation of oxygen vacancies to
maintain electrical neutrality.*

(2) Diphem of Cathode Materials

Dcpemn Was measured using the ECR technique according to
variations in ambient atmosphere, leading to a change in
the MIEC oxygen vacancy concentration. The suddenly
change in the oxygen partial pressure of the surrounding
atmosphere induces a corresponding change in the charge
carrier concentration (oxygen vacancy) because of the local
electroneutrality requirement.” Figure 3 shows normalized
conductivity relaxation plots for LSCO-based cathodes for
reduction step at various temperatures after an abrupt
change in the oxygen partial pressure from 0.21 to
0.05 atm. The electrical conductwltg relation curves were fit
to equations published elsewhere.” Clearly it can be seen
that the time to reach equilibrium increases as the tempera-
ture is reduced. Noticeably, LSCO(Cu) was revealed to be
the fastest one to reach the steady state suggests that substi-
tuting Cu®" for Co®" resulted in a faster bulk diffusion
coefficient when compared to LSCO. The main reason can
be described as follows. The electron conduction is highly
influenced by the overlapping between O 2p and the transi-
tion-metal 3d orbitals. The extent of the overlap strength
depends on the B-O distance. In this study, the average B—
O distance of Cu-O (2.00 A) is larger than Co-O (1.93 A)
Therefore, the diffusion coefficients of LSCO-based speci-
mens markedly correspond with the distance of B-0.*” The
Dchem values for LSCO, LSCO(Mn), LSCO(Fe), LSCO(Ni),
and LSCO(Cu) were 1.21 x 107>, 0.55 x 1073, 0.79 x 107>,
0.73 x 107>, and 1.25 x 107> cm?/s at 600°C, respectively.
The detailed Dipen values regarding LSCO-based cathodes
in the reduction process listed in Table III. The equations
of Dcpem 1n the temperature range of 500°C—700°C are listed
as follows.

Depern = 4.71
63.4kj mol ™!
x 1073 exp(—%) (m?s~hfor LSCO;
Dehem = 1.62
.6kjmol ™!
%1073 exp(fm%) (ms~")for LSCO(Mn);
Deem = 1.47
. ~1
%1075 exp(f%) (ms~")for LSCO(Fe);
Deherm = 1.69
2kjmol ™!
%1075 exp(fﬁ%) (m?s~")for LSCO(Ni);
Dehem = 3.44
44.4kjmol ™!
x 1073 exp(f%) (m*s~")for LSCO(Cu);

The activation energy of Dcpen calculated based on the
slopes of the Arrhenius plots (Dcpem Vs. 1000/T) for LSCO,
LSCOMn), LSCO(Fe), LSCO(Ni), and LSCO(Cu) were
63.4, 63.6, 49.0, 53.2, and 44.4 kJ/mol (Fig. 4). The activa-
tion energy is relevant to the enthalpy of defect mobility
involved the equilibration between O, and LSCO-based cath-
odes.®" This behavior results from the effect of the oxygen
partial pressure, which is significantly related to defect
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Fig. 3. The electrical conductivity relaxation curve for Lag sSrgsCoOs_s and Lag sSrgsCopsM-03_s (M=Mn, Fe, Ni, Cu) specimens at (a)
500°C, (b)550°C, (c) 600°C, (d) 650°C, and (e)700°C after the oxygen pressure suddenly changed from 0.21 to 0.05 atm.

Table III. D Values of LaysSrgsCoO3_s-Based Specimens Calculated from the Electrical Conductivity Relaxation Curve
When the Oxygen Partial Pressure Abruptly Changed From 0.21 to 0.05 atm
Deem (cm?/s)

Specimen 500°C 550°C 600°C 650°C 700°C
LSCO 6.01 x 107° 8.33 x 107° 1.21 x 1073 233 x 107° 471 x 1072
LSCO(Mn) 2.37 x 107¢ 3.77 x 107¢ 5.49 x 1076 1.33 x 107> 1.62 x 107°
LSCO(Fe) 3.62 x 107° 4.72 x 107° 7.94 x 107° 143 x 107° 147 x 107°
LSCO(Ni) 3.09 x 1076 6.07 x 107° 7.28 x 107¢ 1.40 x 107> 1.69 x 107>
LSCO(Cu) 791 x 10°° 9.45 x 10°° 125 x 107° 1.86 x 107° 3.44 x 107°

concentrations, and the interactions degree between mobility
and defects.”!

(3) Performance of Symmetrical Cells and Long-Term
Testing

Figure 5 presents some typical impedance spectra measured
in a symmetric configuration of LSCO-based cathodesISDC
electrolytelLSCO-based cathodes under open-circuit condi-

tions at various temperatures in stationary air. Noticeably,
when the operating temperatures were at any temperature,
the LSCO(Cu) always exhibited the minimum R, values
among the LSCO-based cathodes. Table IV lists the detailed
information regarding R, values of LSCO-based cathodes at
various temperatures The R, values of LSCO decreased
from 0.92 Q cm? at 600°C to 0 032 ©Q cm” at 800°C. S1m1—
larly, the R, values of LSCO(Cu) decreased from 0.60 Q cm?
at 600°C to O 027 © cm? at 800°C. Compared with the LSCO
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and the LSCO(Cu), the R, values were slightly reduced
by approximately 10% and 15% at 700°C and 800°C,
respectively. After incorporating Cu in B-site of LSCO, the

electrochemical processes were slightly improved such as the
electrochemical reactions between the cathode and electrolyte
interface, and the adsorption—desorption of oxygen diffusion
between the gas and cathode surface interface. This behavior
may be closely associated with low D activation energy

95
L for LSCO(Cu).
100 = P (0y) 0.21 = 0.05 atm In order to measure the long-term performance of a
oG LSCO(Cu)|SDC half-cell, the EIS, R, and i, were recorded
-10.5 - as a function of time under stationary air as the oxidant at
- S = 700°C (Fig. 6). Obviously, R, increased gradually with time,
NE B " which values were increased from 0.094 to 0.172Q cm? for
o r 'y
:g 15 : ) 4
e ol Yoo = = Table IV. Polarization Resistance of Lay sSrysCoO5_s-Based
£ b o a0, 2 s kol P Cathodes Calculated from Nyquist Plots
125 F . La, Sr,Co, Mn, 0, E =636 kiimol ok 5
b s La Sr, Co Fe 0, E=49.0 kl/mol v Rp (Q cm)
130 t < La,Sr, Co, Ni O, E=53.2k)lmol .
i Specimen 600°C 650°C 700°C 750°C 800°C
e i o s 1w 1 1w LSCO 092 0.7 0.0 0064 0032
1000T(K") LSCO(Mn) 1.46 0.68 0.43 0.220 0.180
LSCO(Fe) 1.24 0.49 0.30 0.190 0.140
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LaysSrg.5sC00sMp-03 5 (M=Mn, Fe, Ni, Cu) specimens over the
temperature range of 500°C-700°C.
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Fig. 6. Long-term testing for a  LagsSrgsCoosCup,03 5
CesSmg,0,9 half-cell: (a) Nyquist diagram of the impedance
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Table V. Long-Term Testing of LaysSrgsCoogCuy,03 5
Cathodes for R, and i, Using the EIS Technique at 700°C

Time

0h 24 h 48 h 72 h 96 h 120 h

R, (Qcm®) 009 0.127 0.143 0.156 0.164 0.172
iy mAjem®) 445 381 353 336 326 319

120 h long-term testing at 700°C. Similarly, i, decreased
gradually with time, which values were decreased from 445
to 319 mA/cm? after 120 h long-term testing. The detailed
values regarding the R, and iy with various time are listed
in Table V. However, these values are still acceptable to
apply to the cathode for IT-SOFC. Based on our previous
study,* the TEC value of SDC is 12.37 ppm/K, the LSCO
(Cu) is 19.75 ppm/K. There is a large difference in TEC val-
ues between cathode and electrolyte. Therefore, the main
reason for the half-cell performance gradually decreased
may be due to cathode delamination. Moreover, Gazzarri
et al. also reported the behavior is closely related to cathode
delamination.*?
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Fig. 7. The I-V curves and corresponding power densities for (a)
Ni-SDCI|SDC| LSCO and (b) Ni-SDCI|SDCILSCO(Cu) using
hydrogen as fuel and air as oxidant in the temperature range of

500°C-700°C.

Table VI. The Peak Power Densities for Ni-SDC|SDC]|
LSCO and Ni-SDC|SDC|LSCO(Cu) Single Cells

The peak power density (mW/cm?)

T (°C) Ni-SDC|SDC|LSCO Ni-SDC|SDC|LSCO(Cu)
500°C 387 284
600°C 852 725
700°C 974 983

(4) Single Cells Performance

According to the electrochemical properties of LSCO-based
cathodes, LSCO and LSCO(Cu) were chosen to assemble sin-
gle cells and to measure their performance. Figure 7(a) shows
the single cell performance of Ni-SDCISDCILSCO at various
operating temperatures. The peak power densities were 387,
852, and 974 mW/cm2 at 500°C, 600°C, and 700°C, respec-
tively. As for performance of Ni-SDCISDCILSCO(Cu) single
cell, the peak power densities were 284, 725, and 983 mW/
em® at 500°C, 600°C, and 700°C, respectively [Fig. 7(b)].
Table VI summarizes the peak power densities of LSCO and
LSCO(Cu) cathodes assembling anode-supported single cells
over a temperature range of 500°C-700°C. Clearly, LSCO
cathode assembling single cells exhibited higher peak power
density at operating temperatures below 700°C compared
with other literatures. For examples, Adijanto et al. reported
that LaggSry,CoO;5_s cathode exhibited max power densities
about 300 mW/cm® at 700°C.>* Choi et al. proposed that
Lag ¢Srg4C005_5 revealed max power densities of 492 mW/
cm” at 600°C.>* In this study, LSCO(Cu) cathode exhibits
the highest peak power density of 983 mW/cm? at 700°C. In
conclusion, LSCO(Cu) is a potential cathode for IT-SOFCs.
Cu substitution for B-site of LagsSrgsCoO5. 5 cathode
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reduced thermal expansion coefficient (TEC) value and
enhanced oxygen bulk diffusion, electrochemical properties
under typical fuel cell operating conditions.

IV. Conclusions

In this study, the oxygen diffusion coefficient and electro-
chemical properties of Lag sSrysCoO;_s-based cathodes were
investigated. The values of Dy for LSCO(Cu) is
1.25 x 107> cm?/s at 600°C, which is slightly greater that of
LSCO at the same temperature. Doping Cu”" ions on B-site
of LSCO cathode exhibits higher electrochemical perfor-
mances and higher single cell performances when compared
to the LSCO cathode. For long-term testing, R, of LSCO
(Cu) was gradually increased from 0.094 to 0.172 Q cm? after
120 h testing at 700°C, and i, was gradually decreased from
445 to 319 mA/em?® after 120 h. The peak power densities of
LSCO(Cu) cathode assembling SOFC single cells were 284,
725, and 983 mW/cm2 at 600°C, 700°C, and 800°C, respec-
tively. A peak power density of Ni-SDCISDCILSCO(Cu) sin-
gle cell reached 983 mW/cm? at 700°C. Cu substitution in
the B-site of LSCO cathode reduced TEC value and
enhanced oxygen bulk diffusion, electrochemical properties,
and power density of anode-supported single cells. Therefore,
LSCO(Cu) is considered a promise cathode for IT-SOFCs.
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