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Abstract

In this study, the effects of different fabrication techniques on the electrochemical performance of sol-
gel derived La, ;,Sr, ,Co0; ; (LSC) cathode material for intermediate temperature proton-conducting fuel
cells were investigated. Single-phase, sub-micron LSC powder was used to prepare cathode slurries by a
simple grinding-stirring (G-S) technique and an advanced ball milling-triple roll milling (BM-TRM) tech-
nique. The prepared G-S and BM-TRM cathode slurries were brush painted and screen printed, respectively,
onto separate BaCe,, s,2r, ;Y 0, os (BCZY) proton-conducting electrolytes to fabricate symmetrical cells of
LSCIBCZY|LSC. The thickness of LSC cathode layer prepared by brush painting and screen printing was 17
+ 0.5um and 7 = 0.5 um, and the surface porosity of the layers was 32% and 27%, respectively. Electro-
chemical impedance spectroscopy analysis revealed that the layer deposited by screen printing had lower area
specific resistance measured at 700 °C (0.25 Q cm?) than the layer prepared by brush painting of G-S slurry
(1.50 Q cm?). The enhanced LSC cathode performance of the cell fabricated using BM-TRM assisted with
screen printing is attributed to the improved particle homogeneity and network in the prepared slurry and the
enhanced particle connectivity in the screen printed film.

Keywords: LSC cathode, SOFC, brush painting, screen printing, polarization resistance

I. Introduction proton-conducting SOFC or the proton-conducting fuel

) ) . ) cell (PCFC), remains a challenging task.
Solid oxide fuel cell (SOFC) is an electrochemi-

cal device that directly converts the chemical energy
of a fuel to the electrical energy through electro-
chemical reactions. Reducing the operating tempera-
ture of SOFCs from high (800-1000°C) to interme-
diate (500-800°C) temperature is a main target in
the present SOFC research. Hence, cost reduction and
wider material choices for cell components are obtained
[1,2]. However, high cathode polarization resistance
(Rp) at reduced temperature limited the performance of
SOFC [3-5]. Thus, the development of promising cath-
ode materials, particularly for intermediate-temperature
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The most promising cathode materials are cobalt-
containing perovskite-type oxide materials such as
strontium-doped lanthanum cobaltite (La,, ;Sr; ,CoO, ;,
LSC). LSC showed good performance at the
intermediate-temperature  [3,6-9]. Our previous
work [10] reported that the cathode polarization
resistance (R,) in terms of area specific resistance
(ASR) of the LSC cathode working on yttrium-doped
barium  cerate-zirconate = (BaCes,Zr,3,Y 0, gss
BCZY) proton conductor at 700°C was 0.48 Qcm”.
Although the ASR value is comparable to those in
other reported works in the literature, the value is
considered higher than those of other cobalt-containing
cathode materials [2,4,11]. Therefore, the present work
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aims to improve the electrochemical properties of the
LSC cathode for application in BCZY-based PCFC at
intermediate-temperature by reducing the ASR value.

Many approaches were adopted to reduce Rp of cath-
ode materials; including the use of composite cathode
[9], modification of cathode structure from ABO; to
ABO, [12], addition of dopant material [13], and vari-
ation of synthesis routes to optimize the cathode mi-
crostructure [14]. All these approaches mainly focused
on the synthesis or production of cathode materials.
Moreover, the designing and controlling cell fabrication
parameters are regarded as promising approaches to re-
duce R),. These approaches aided in optimizing the cath-
ode structure on the electrolyte by reducing the dele-
terious effect upon transport of charge carrier species
[15,16]. In the cell fabrication technique, most of the
works reported on the effects of thickness, porosity,
and sintering temperature on R, of the printed cath-
ode layer or film [17-19]. Nevertheless, the studies
on the effects of different slurries or ink preparations
and slurry deposition techniques on the electrochemi-
cal properties of cathode materials are limited. The op-
timization of slurry properties and cathode structure by
different slurry preparations and slurry deposition tech-
niques is also important to produce defect-free sintered
films with desired electrical and electrochemical perfor-
mances [20-23]. Thus, this study evaluated the effects
of different slurry preparation and deposition techniques
on the electrochemical properties of LSC cathode.

In the present study, the LSC powder was synthesized
using a sol-gel method. Grinding-stirring (G-S) and
ball milling-triple roll milling (BM-TRM), respectively,
were used to prepare LSC cathode slurries. G-S is the
simplest and time-effective technique to produce cath-
ode slurry in a small-scale research laboratory [24-26].
This approach is also cost effective technique because
it requires inexpensive apparatus or instruments. Con-
versely, BM-TRM is an advanced technique because
it involves considerable high-end and sophisticated in-
struments. BM-TRM is considered as a promising tech-
nique in preparing a homogeneous ink or slurry [20].
To fabricate the symmetrical cells of LSC|IBCZY|LSC,
the prepared cathode slurries are deposited separately
onto the surfaces of BCZY electrolyte pellets by brush
painting and screen printing, which are simple and ad-
vanced cell fabrication techniques, respectively. Both
techniques were extensively used to fabricate thin films
[4,10,21,27,28]. Screen printing technique can effec-
tively control the thickness of printed film unlike brush
painting [20]. The electrochemical performance of the
fabricated symmetrical cells at working temperature of
700 °C is evaluated using an electrochemical impedance
spectroscopy (EIS) instrument. The present results may
provide a significant knowledge in optimizing and im-
proving the overall cell fabrication process to produce
LSC cathode with high performance and a low ASR
value for intermediate-temperature PCFC application.
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I1. Experimental

2.1. Powder synthesis and characterization

La, (Sr, ,CoO, ; (LSC) powder was prepared via a
sol-gel method. High purity (> 99%) metal nitrate salts
of lanthanum (La(NO,), - 6 H,0), strontium (Sr(NO,),)
and cobalt (Co(NO,), -6 H,0) were purchased from
Acros (Belgium) and used as starting materials. A metal
nitrate salt solution was prepared by dissolving a stoi-
chiometric amount of the starting materials in 100 ml of
deionized water. When the starting materials were com-
pletely dissolved in the deionized water, stoichiomet-
ric amounts of citric acid monohydrate (99.5% purity,
Merck) and ethylenediaminetetraacetic acid (EDTA,
99% purity, Acros) were added into the metal nitrate
salt solution. Afterwards, the solution pH was adjusted
to 0.5 [6]. Finally, a stoichiometric amount of ethylene
glycol (EG, 99.97% purity, Acros) was added and the
solution mixture was continuously stirred and heated for
several hours until a viscous gel was formed. The ob-
tained viscous gel was dried at 150 °C for 12h and at
250°C for 5h. The precursor powder was calcined at
900 °C for 5h with a heating/cooling rate of 5 °C/min.
Details for the production of the LSC powder are de-
scribed elsewhere [10].

Thermogravimetric analyser (SDT-Q600, TA instru-
ment, USA) was used to study the thermal decompo-
sition behaviour of the precursor powder in the tem-
perature range of 30-1200°C at a heating rate of
10°C/min and in flowing purified air with a flow rate
of 100 ml/min. X-ray diffractometer (XRD, Bruker D8§-
Advance, Germany) using Cu-K,, radiation source (1 =
0.1540558 nm) was utilized to confirm the formation
of LSC perovskite phase. The XRD was operated at
40kV and 40 mA for the 26 ranging from 20° to 80°
at a scan rate of 0.025°/step. The specific surface area
of the calcined powder was measured by surface area
and porosimetry system (Micromeritics, ASAP 2020,
USA) using Brunauer-Emmett-Teller (BET) technique.
The calcined powder morphology was examined by a
scanning electron microscope (SEM, Zeiss Merlin, Ger-
many). The mean particle size was estimated by statis-
tical analysis on 100 particles in the SEM images using
Image] software.

2.2. Slurry preparation
Grinding-stirring (G-S) technique

The calcined LSC powder was ground in an agate
mortar for 10 min. Subsequently, ethyl cellulose (EC) as
a binder and terpineol as a solvent were mixed with the
obtained powder and continuously ground in the agate
mortar for another 10 min. Afterwards, the mixture was
transferred into a 50 ml beaker and stirred on a hotplate
with stirrer using a magnetic bar for 1 h to produce LSC
cathode slurry.
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Ball milling-triple roll milling technique

The calcined LSC powder was mixed with acetone
as a solvent and Hypermer KD15 (Croda International,
UK) as a dispersant. The mixture was ball milled in a
zirconia jar using zirconia balls (diameter of 10 mm) for
5h. The zirconia ball-to-LSC powder ratio was 4 : 1.
The ball milled LSC powder was dried in an oven at
90 °C for 6 h. The dried powder was mixed with EC in
terpineol and ground in an agate mortar for 10 min. The
mixture was milled using a triple roll mill for 30 min to
produce homogeneous LSC cathode slurry.

2.3. Symmetrical cell fabrication and
characterization

A single-phase BCZY powder was prepared using a
sol-gel method [29]. The prepared powder was pressed
into pellets (diameter of 13 mm) under isostatic pressing
using a uniaxial pressing machine (Carver, Model: 4350
L, IN, USA) at a loading force of 5 tons for 1 min. The
as-prepared green pellets were sintered at 1400 °C for
10 h using a high-temperature chamber furnace to den-
sify the pellets. The surfaces of the sintered pellets were
polished using #1000 grit paper. These pellets were ul-
trasonically cleaned to remove contaminants from the
polished surfaces. The LSC cathode slurries prepared
by G-S and BM-TRM techniques were deposited onto
the surfaces of the polished pellets by brush painting
and screen printing, respectively, to produce the sym-
metrical cells of LSCIBCZY|LSC. The produced sym-
metrical cells were sintered at 900 °C for 2 h. The fabri-
cated symmetrical cells were denoted as S1 (G-S, brush
painted) and S2 (BM-TRM, screen-printed).

Microstructure images of the cross-section and sur-
face of the symmetrical cells were taken by a SEM
(Hitachi U1510, Japan). These images were also used
to measure the thickness and porosity (by adjusting
the threshold) of the LSC cathode layer using Imagel
software. The electrochemical properties of the fabri-
cated symmetrical cells were determined on the basis of
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Figure 1. Thermogravimetric plot of La, (Sr; ,CoO;_; (LSC)
precursor powder
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the electrochemical impedance spectroscopy (EIS) re-
sults. The EIS measurement was performed on ZIVE
SP2 electrochemical workstation (ZIVELAB WonAT-
ech, Korea) at 700 °C in humidified air over the fre-
quency range of 0.1 Hz—1 MHz with a low-amplitude
sinusoidal voltage of 20 mV under open circuit condi-
tions. Data acquired from the EIS measurement were
analysed using a ZMAN™ 2.2 f3 (ZIVE LAB) soft-
ware. The impedance diagrams were plotted in real
impedance (Z") versus imaginary impedance (Z""). The
area specific resistance (AS R) was calculated using the
following equation: ASR = (R, X A)/2, where R,
refers to the resistance or polarization resistance at cath-
odelelectrolyte interface, and A refers to the specific ac-
tive area (0.50 cm?).

II1. Results and discussion

3.1. Powder characterization

Figure 1 shows the thermogravimetric analysis plot of
the LSC precursor powder dried at 250 °C. The plot in-
dicates three stages of weight loss with the total weight
loss of ~80%. An initial weight loss of ~5% observed
at stage 1 in the temperature region of 30-210°C is
associated with the dehydration of absorbed moisture,
traces of structural hydroxide (—OH) and decomposi-
tion of the remaining organic compounds with low boil-
ing point such as citric acid (175 °C) and EG (197 °C),
in the precursor powder. The major weight loss of ~74%
is observed at 210-680 °C (stage 2). This weight loss is
attributed to the decomposition of residual nitrates and
organic compounds (citric acid, EDTA and EG) in the
sample [29,30]. A minor weight loss of ~1% at stage 3
(680-810°C) is caused by the decomposition of trapped
carbonaceous residue, which are formed as intermedi-
ate products after the combustion of organic compounds
[6,31]. After stage 3, the plot presents a plateau with
no further weight loss, which indicates the beginning
of crystallization and structural transformation to form
the desired oxide materials [32]. Thus, 810 °C is recom-
mended as the minimum calcination temperature.

According to the thermogravimetric analysis results,
the as-synthesized powder is calcined at 900 °C (slightly
higher than the recommended minimum calcination
temperature). Figure 2 presents the XRD pattern of the
calcined powder. The pattern confirmed that the cal-
cined powder forms a single LSC perovskite phase be-
cause all the peaks in the XRD pattern are matched
with the ICDD reference code 00-048-0121 with a cubic
Pm—3m structure. The pronounced peaks are indexed
using the following Miller indices: (100), (110), (111),
(200), (211), (220), (300), and (310). This result is con-
sistent with our previous reported work [10] and compa-
rable to those of other reported studies in the literature
for LSC material [6,7,31,33].

Typical particle morphology of the calcined LSC
powder is shown in Fig. 3. The powder is made up of
homogeneous and almost identical particles with regu-



A. Abdul Samat et al. / Processing and Application of Ceramics 12 [3] (2018) 277-286

Prepared LSC
Reference pattern: ICDD 00-048-0121

110

Intensity (a.u)

o
o
—L'J
T

20

30

Figure 2. XRD pattern of La, ;Sr,, ,C0o0O;_; (LSC) powder
calcined at 900 °C for Sh

Figure 3. SEM image of La, ;Sr,, ,C00O;_; (LSC) powder
calcined at 900 °C for Sh

lar shape. The particles are loosely agglomerated and
connected with one another. The major disadvantage
of wet chemical methods, including sol-gel method, is
the agglomeration of the ultrafine crystallites or parti-
cles. The mean particle size and BET specific surface
area of the calcined powder are 0.28 + 0.06 um and

8.7 m?/g, respectively. Although the mean particle size
of the LSC produced in this work is larger than that of
the LSC powder produced by citric acid-EDTA com-
plexation assisted with polyethylene glycol as surfactant
with a nano-size of 60 nm [6], its BET specific surface
area is slightly larger than that of the nano-size powder
(8.22m?/g). The same observation was also reported by
Benel et al. [34]; they prepared a LSC powder by salt-
assisted spray pyrolysis and obtained a high BET spe-
cific surface area (60 m?/g) and particle size diameter of
0.5-5 um. Thus, a powder with a large surface area can
be obtained by various synthesis methods regardless of
the particle size.

3.2. Characterization of the fabricated cell

Homogeneous cathode layer on the electrolyte sub-
strate with uniform thickness (7 + 0.5 um) was prepared
by screen printing, as a simple and economic technique
(the sample S2 Fig. 4). The homogeneous and well-
dispersed particle distribution with 27% surface poros-
ity could significantly improve the electrochemical per-
formance of the LSC cathode. In contrast, the fabri-
cation of S1 cathode layer on the electrolyte substrate
through brush painting using the non-homogeneous
slurry resulted in a non-homogeneous particle distribu-
tion with 32% surface porosity and non-uniform thick-
ness (17 + 0.5um) of S1 cathode layer (Fig. 5). This
non-uniform particle distribution could lower the elec-
trochemical performance of the LSC cathode.

3.3. Electrochemical properties analysis

The typical EIS spectra for the symmetrical S1 and
S2 cells in the frequency ranging from 0.1 Hz to 50 kHz
measured at 700 °C are depicted in Figs. 6a and 6b, re-
spectively. The impedance spectra consist of two arcs,
which indicate that at least two responses correspond-
ing to the electrolyte and/or electrode (cathode) reac-
tions occur. The equivalent circuit model in Fig. 6¢ was
used to fit and analyse the impedance spectra. R, R, R,
and Rj are resistances and Q;, O, and Q3 are constant
phase elements (CPEs), also be regarded as pseudo-
capacitances. The resistances and CPEs values obtained

20 pm (X2.00k)

' 10 pm (X5.00K)

Figure 4. SEM images of the cross-section (a) and the surface (b) of the symmetrical cell fabricated by ball milling-triple roll
milling assisted with screen printing
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20 pm (X2.00k)

' 10 um (X5.00K)

Figure 5. SEM images of the cross-section (a) and the surface (b) of the symmetrical cell fabricated by grinding-stirring
assisted with brush painting
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Figure 6. Impedance spectra and fitted results of S1 (a) and S2 (b) symmetrical cells measured at 700 °C and adopted
equivalent circuit model (c)

from the fitting process were directly used to calculate
the capacitance (C) and characteristic frequency (fux)
values by using the following equations:

C=Yr RH (1)
1
Jox = 2 R-C @

where Y and n are the parameters related to the CPEs
and R is the resistance. The calculated values of C and
fmax are tabulated in Table 1.

R represents the ohmic resistance, which is asso-
ciated with the electrolyte and electrical contacts. R;-
Q) represents the grain-boundary response from BCZY
electrolyte. In mixed ionic-electronic conductors, such
as LSC cathode, the oxygen reduction reaction can oc-
cur at cathodelelectrolyte interface and in the bulk of
cathode material. R,-Q5 corresponds to the charge trans-
fer process associated with O>~ ion incorporation at the
cathodelelectrolyte interface and the surface diffusion
of O°~ ion throughout the bulk cathode (cathode thick-
ness) [19]. R3-Q3 corresponds to the oxygen surface ex-

Table 1. Capacitance and characteristic frequency values for equivalent circuits of symmetrical S1 and S2 cells
measured at 700 °C

Symmetrical cell

Capacitance, C [F]

Frequency, frax [Hz]

1 ) 03 R1-04 Ry-0» R3-03
S1 267-107° 3.20-10° 1.20-107 4.38-10° 4.50-10° 7.80
S2 7.84-1077 2.51-1075 7.86-10"! 3.58-10* 9.97-10° 0.521
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Figure 7. Proposed illustrations for the breaking down of particle agglomerates by grinding and ball milling techniques

change process involving the dissociation/adsorption of
oxygen at the cathode surface, reduction of the adsorbed
oxygen, and incorporation of O*~ ion into the LSC cath-
ode at low-frequency region [35-37]. Since the R; cor-
responds to the electrolyte response, then only R, and
R are used to calculate the AS R values.

The AS R values of the LSC cathode for the symmet-
rical S1 and S2 cells measured at 700 °C are 1.50 and
0.25 Q cm?, respectively. A factor that contributed to the
low AS R value in the symmetrical S2 cell was the for-
mation of uniform screen-printed LSC cathode layer as
illustrated in Fig. 4. It is important to note that the use
of combined ball milling-triple roll milling (BM-TRM)
technique significantly reduced the particle agglomer-
ates in the prepared LSC cathode slurry and resulted
in homogeneous slurry. The LSC cathode layer fabri-
cated by screen printing process using the homogeneous
slurry resulted in a cathode layer with uniform parti-
cle distribution. This explained the reason for the low
ASR value in the symmetrical S2 cell. Conversely, the
high AS R value in the symmetrical S1 cell can be re-
lated to the non-homogeneous distribution of particles
in the LSC cathode slurry produced by simple grinding-
stirring (G-S) technique. Some of the particle agglom-
erates cannot be further broken into smaller particles
through this technique. As a result, the cathode slurry
was non-homogeneous and the distribution of particles
in the resultant cathode layer was non-uniform as con-
firmed in Fig. 5. This is probably a good reason for
the high AS R value measured using the symmetrical S1
cell.

3.4. Discussion - Influence of fabrication process

At the first stage of the cathode slurry preparation,
the calcined LSC powders were respectively subjected
to the grinding and ball milling techniques in order to
reduce particle agglomerates. Grinding and milling pro-
cesses are considered important in the preparation of
slurries because their use can lead to the uniform dis-
persion and particle size reduction. Having a uniform
particle dispersion with reduced size is a prerequisite
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for the fabrication of a homogeneous porous structure
of cathode film with uniformly distributed pores [38].
Generally, both grinding and ball milling reduce the size
of particle agglomerates by mechanical action. Pressure
is applied during the mechanical action and the parti-
cles are subjected to a stress. Under the stress, some
crashes will occur, subsequently the particle agglomer-
ates will be broken and their size will be reduced (Fig.
7). The particle size of the powders subjected to the ball
milling is lower than that of those subjected to the grind-
ing as reported by Oda et al. [23]. However, the pro-
cessed powders with the reduced particle size could still
result in inhomogeneity [39].

At the second stage, the ground, ball milled and cal-
cined LSC powders were further processed by stirring
and triple roll milling techniques, respectively. The pro-
posed illustrations for the breaking down of particle ag-
glomerates by stirring and triple roll milling techniques
are illustrated in Fig. 8. The stirring process can only
maintain the slurry homogeneity rather than the agglom-
erate breaking. During the stirring process, it can be ob-
served that the small particles accumulated at the centre
of the beaker while the big particles deposited on the
edge of the beaker. This can result in non-homogeneous
slurry and the fabricated film using this slurry has non-
uniform particle distribution (Fig. 5). However, the use
of the triple roll mill in the preparation of slurry can
result in homogeneous slurry with uniform particle dis-
tribution. Triple roll mill can also significantly reduce
particle agglomeration in the prepared slurry. The triple
roll mill is equipped with three rolls turning in opposite
directions. In the triple roll milling, the inhomogeneous
slurry is fed between the rollers 1 and 2 having a gap
of 15 um as shown in Fig. 8b. The slurry is exposed to
compression and shear forces when it passes through
the gap. In this stage, the majority of the agglomerates
in the slurry will be broken to smaller agglomerates. The
slurry with reduced agglomerates is then passed through
a smaller gap (5 wm) between rollers 2 and 3 for further
breakage of particle agglomerates before recovering a
final homogeneous slurry via roller 3.
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Figure 8. Proposed illustrations for the breaking down of particle agglomerates by stirring (a) and triple roll milling (b)

Particles with homogeneous size in the cathode film
S2 resulted in a lower resistance than that of the cath-
ode film S1 with non-homogeneous particle size as il-
lustrated in Fig. 9. It is expected that particles with ho-
mogeneous size have a larger direct contact and/or grain
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Z,.s (Ohm)
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€ -
L Q
= : =
N

Z... (Ohm)

boundary contact area between particles, which then al-
lows better ionic current flow. Conversely, smaller di-
rect contact area represents a constriction which hinders
the ionic flow and consequently leads to an additional,
resistive grain boundary contribution in an impedance

Larger
contact area

Pore

Smaller

Pore
contact area

Figure 9. Proposed illustrations for the effects of homogeneous (a) and non-homogeneous (b) particles on the polarization
resistance (adopted from [40])
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Table 2. ASR values of LSC cathode prepared and fabricated by different techniques with various electrolytes
measured at 700 °C

Synthesis method Fabrication method Electrolyte ASR[Qcm?] Reference
Solid state reaction Screen printing SDC20 1.08 [33]
Glycine-nitrate Screen printing GDC 2.0 [41]
Polymeric complexation  Brush painting BCZY 0.48 [10]
Commercial powder Pulsed laser deposition YSZ 0.3 [42]
Sol-gel Brush painting BCZY 1.50 This work
Sol-gel Screen printing BCZY 0.25 This work

spectrum [40]. This observation is in line with the re-
sults of film porosity in which the larger direct contact
area is less porous than the smaller direct contact area.

Overall, in this work, the advanced BM-TRM tech-
nique assisted with screen printing produced LSC pow-
der with improved performance compared to the cath-
ode produced using G-S technique assisted with brush
painting. The ability of the simple and cost-effective
techniques in producing a comparable electrochemical
performance of the LSC cathode at the intermediate-
temperature with few reported studies in the literature
(Table 2) is practically acceptable. Han et al. [18] used a
commercial inkjet printer as a cell fabrication technique
and proved that a simple and cost-effective technique
can produce a La, ,Sr, ,Co, ,Fe, ;O; s (LSCF) cathode
with high electrochemical performance. Therefore, the
simple G-S assisted with brush painting can still be re-
garded as a promising technique to fabricate LSC elec-
trodes for intermediate-temperature PCFC application
in a small-scale laboratory. The present results can be
further improved by prolonging the grinding and stir-
ring time and subjection to ultra-sonication to produce
the improved and homogenized S1 cathode slurry [24—
26]. However, the advanced BM-TRM technique as-
sisted with screen printing is the ideal technique be-
cause it can enhance the electrochemical properties of
the screen printed LSC cathode.

IV. Conclusions

A single-phase LSC cathode powder with the parti-
cle size of 0.28 + 0.06 um and specific surface area of
8.7m?/g was synthesized via a sol-gel method at the
calcination temperature of 900 °C. The present study
demonstrated that the electrochemical performance of
the prepared LSC cathode working on BCZY proton
conductor for PCFC application can be improved by ap-
plying a combination of promising cell fabrication tech-
niques such as slurry preparation and slurry deposition
to produce the cathode layer. The advanced BM-TRM
assisted with screen printing is a better cell fabrication
technique than the simple G-S assisted with brush paint-
ing to produce high-performance LSC cathode. The
ASR values of the LSC cathodes fabricated by the ad-
vanced and simple cell fabrication techniques measured
at the operating temperature of 700 °C using the sym-
metrical cells of LSCIBCZY|LSC were 0.25Q cm? and
1.50Qcm?, respectively. The electrochemical perfor-
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mance of the LSC cathode fabricated by the BM-TRM
assisted with screen printing can be further improved by
tailoring the microstructure properties of the LSC pow-
der and the thickness of the LSC film.
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