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ABSTRACT: Acceptor-doped barium cerate is considered as one of the state-
of-the-art high temperature proton conductors (HTPCs), and the proton
conductivity of such HTPC:s is heavily dependent on the dopant. In this work,
a codoping strategy is employed to improve the electrical conductivity and
sinterability of BaCeO;-based HTPC. BaCe(3Sm, Y, ,0;_5 (0 < x < 0.2)
powders are synthesized by a typical citrate—nitrate combustion method. The
XRD and Raman spectra reveal all the compounds have an orthorhombic
perovskite structure. The effects of Sm and/or Y doping on the sinterability
and electrical conductivity under different atmospheres are carefully
investigated. The SEM results of the sintered BaCeygSm,Y,, ,O; s pellets
indicate a significant sintering enhancement with increasing Sm concentration.
BaCe(gSmy;Y,;0;_5 exhibits the highest electrical conductivity in hydrogen
among the BaCe;gSm,Y,, .O;_ ;5 pellets. Anode-supported Ba-
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CeygSmy;Y, 05 5 electrolyte membranes are also fabricated via a drop-coating process, and the corresponding single cell
exhibits desirable power performance and durability at low temperatures. The results demonstrate that BaCe,gSm,;Y,,05_5is a
promising proton conductor with high conductivity and sufficient sinterability for proton-conducting solid oxide fuel cells

operating at reduced temperatures.
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1. INTRODUCTION

Acceptor-doped BaCeOj-based high temperature proton
conductors (HTPCs) exhibit high proton conductivity at
intermediate/low temperatures, and have a great potential in
various kinds of applications.' > Compared to the solid oxide
fuel cells (SOFCs) with oxygen-ion conducting electrolyte
(stabilized zirconia and doped ceria), doped BaCeO;-based
proton-conducting SOFCs possess multiple advantages, includ-
ing lower activation energy for proton transportation and
evasion of the internal short circuit in doped ceria electrolytes.
In addition to electrode materials, fuel cell performance at
reduced temperatures is highly dependent on the ohmic
resistance of the cell, which is mainly associated with thickness
and conductivity of electrolyte layer. HTPCs also play a key
role in other applications, such as hydrogen separation
membranes, hydrogen sensors and membrane reactors. It has
been widely reported that the hydrogen permeation flux of the
conventional metal—ceramics hydrogen separation membranes
is usually rate-limited by the proton conductivity of the
HTPCs.*® The proton conductivity also affects the sensitivity
of hydrogen sensors. Therefore, it is critical to develop HTPCs
with sufficiently high proton conductivity to achieve consid-
erable performances for those electrochemical devices.

For BaCeOj-based HTPCs, proton generation and trans-
portation are closely correlated with doped trivalent element,
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which is well-suggested by experimental and simulation
results.”” Additionally, sinterability of BaCeOj also varies
with dopants. Amsif et al. ® studied BaCeO; doped with a series
of rare-earth elements (La, Nd, Sm, Gd, Yb, Tb, and Y). They
demonstrated a dependence of grain size, bulk/grain boundary
and total conductivities on the ionic radius of the dopant.
BaCeO; doped with Gd, Y or Sm exhibited relatively high
electrical conductivity. Gu et al ° investigated the dopants’
influence on conductivity as well as sintering ability of
BaCeggsLng1s0;_5 (Ln = Gd, Y, Yb) ceramics. Y-doped
BaCeO; s shows the highest conductivity while the sintering
ability is related to the dopant ionic radius. Besides, the
thermodynamically stability is also related to dopants’ ionic
radius. Accordin§ to Matskevich et al’s work on Nd- and Lu-
doped BaCeOs,"° the thermodynamic stability is increasing
when ion radius of rare-earth dopant is decreasing. As an
attempt to further enhance proton conductivity, codoping
strategyu_13 was implemented in HTPCs, but the effect
remains to be further verified. Yang et al. '* reported
BaZr,,Ceo,Y,,Yby0;5_5 (BZCYYb) showed the highest
electrical conductivity among the serial compositions of
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BaZry,Cey,Y(,_,Yb,O;_s in wet oxygen. However, in our
previous work > on the Y- and/or Yb-doped BaCeO;-BaZrO;
solid solution, the electrical conductivity of the oxides
decreased after substituting Y with Yb in wet hydrogen. In
other cases, Su et al. ' studied BaCe(¢Nd,Y,,_,O; 5 and found
that the ionic conductivity in air was improved after codoping
compared with that of the single-doped ones. Zhao et al. '

investigated Y and In codoped barium cerate in the form of
BaCey,In,Y,;_,O;_s They reported that the sintering ability as
well as chemical stability increased with In concentration,
whereas the electrical conductivity decreased monotonously.
According to the definition of Goldschmidt tolerance factor (t),
free volume (V), and Amsif et al’s work,® Sm increases the
lattice distortion (detrimental to ionic conduction) while
enlarging the free volume (favors the ionic conduction),
when compared to Y. Hence, a proper ratio of Sm:Y is expected
to balance the contradictory contribution and achieve high
ionic conductivity in samarium and yttrium codoped BaCeOj,
serial oxides.

In this work, Sm and Y were employed as dopants to further
investigate the codoping effects on the properties of BaCeO;-
based HTPCs. The microstructure and electrical conductivity
in different atmospheres of the well-sintered Ba-
CepsSm, Yy, .05 5 (x = 0, 0.05, 0.1, 0.15, 0.2) pellets were
studied with the emphasis on a possible relationship among
dopant property, sinterability, and proton conductivity.

2. EXPERIMENTAL SECTION

2.1. Powder Synthesis and Pellet Fabrication. Ba-
CepsSm, Y, ,05_5 (x = 0, 0.05, 0.1, 0.15, 0.2) powders were
synthesized via a citric acid—nitrate gel combustion process.'® First,
Y,0; (4N) and/or Sm,0; (3N) are dissolved in nitric acid (AR).
Then Ce(NO;);-6H,0 (AR) was added followed by Ba(CH,;COO),
(AR). Afterwards, citric acid (AR) was added at the molar ratio of
metal ions:citric acid of 1:1.5. Subsequently, the pH value was adjusted
to around 7 with ammonia (AR). The obtained solution was kept
stirring at 70 °C until ignition and combustion into ash. The as-
prepared powders were calcined at 1000 °C in air for 3 h to form a
single perovskite phase. The BaCe(sSm,Y;, O35 powders were
ground thoroughly with a mortar and pestle before preparing green
pellet samples. The BaCe(Sm,Y,,_,O;_s pellets were fabricated by a
uni-axial pressing method with a pressure of 200 MPa. Afterwards, the
pellets were sintered at 1500 °C for S h in air to obtain dense pellet
samples for conductivity measurement.

2.2. Characterization of BaCey3Sm,Y,,_,0;_s powders and
pellets. The phase composition of the as-prepared powders and
pellets samples were examined by an X-ray diffractometer (XRD;
Rigaku TTR-II) with CuKa radiation (4 = 1.54A). Raman spectra
were conducted with a Raman spectrometer (LabRamHR). Scanning
electron microscope (SEM; JEOL JSM-6700F) was employed to study
the surface and cross-sectional morphology of the sintered pellets.
Image-analysis softwares, Nanomeasurer and Image pro plus were
utilized to analyze the obtained SEM pictures and count the grain size.
The relative density of the sintered pellets was determined via
Archimedean method.

Ag paste (PC-Ag-6800, Sino-platinum Metal CO., Ltd) was painted
on both sides of each pellet followed by firing at 700 °C for 1 h,
obtaining porous electrodes. Ag wire was used as the lead wire. The
total resistance of BaCe(¢Sm. Y, ,O;_s pellets was determined by the
electrochemical impedance spectroscopy (EIS) which was performed
by an impedance analyzer (CHI604B, Chenhua, Shanghai) in the
temperature range of S00—800 °C. The testing atmospheres were dry
hydrogen, wet hydrogen (3% H,0) and dry oxygen in chronological
order for each sample. A S mA A.C. amplitude signal was applied and
the sweeping frequency ranged from 100 kHz to 0.1 Hz. The gas

flowing rate was around 50 mL min™".
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2.3. Fuel Cell Fabrication and Testing. The anode supported
half cells with tri-layered structure with NiO-BaCeygSmy ;Y ;035
(prepared via one-pot combustion process) anode functional layers
were fabricated by drop-coating electrolyte suspension on pre-sintered
anode substrates and consequently sintered at 1400 °C for 5 h."’
Smy 51y sCo;3_s5-CegSm,0, 5 composite cathodes were brush-painted
on the electrolyte layers and then fired at 950 °C for 2 h.*® The single
cell was tested with a home-made cell testing system with humidified
hydrogen (3% H,O, 30 mL min™") as the fuel and static air as the
oxidant. The I-V curves of the cells were measured with a DC
Electronic Load (ITech Electronics model IT8511), and the EIS
curves of the cell under open circuit conditions were performed by an
impedance analyzer (CHI604B, Chenhua, Shanghai). A S mA A.C.
amplitude signal was applied and the sweeping frequency ranged from
100 kHz to 0.1 Hz.

3. RESULTS AND DISCUSSION

3.1. Phase Composition. Figure 1 presents the XRD
patterns of the BaCe(gSm,Y, O35 powders prepared by the
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Figure 1. XRD patterns of BaCeysSm,Y;, 055 (0 < x < 0.2)
powders prepared via combustion method and calcined at 1000 °C for
3 h.

combustion method after calcined at 1000 °C for 3 h in air. All
the diffraction peaks in the patterns correspond to the
orthorhombic perovskite structure,” indicating that all the
powders possess the same crystal symmetry. A slight peak shift
to the lower-angle region can be observed with increasing Sm
content, which is attributed to the larger radii of Sm** (R =
0.958 A) compared to that of Y** (R = 0.90 A).*! In Figure 2,
all the Raman spectra show strong bands and demonstrate the
subtle variation in BaCe(¢Sm, Y, .O;_5 ceramics. The bands
in frequency range of 300—375 cm™' refer to the O-B-O
bending in ABO,.**">* According to the Raman spectra of
Yb**-doped (R = 0.86 A), Gd*"-doped (R"' = 0.94 A), Nd**-
doped (RY' = 1.00 A), and undoped BaCeOs, it was concluded
that increasing ion radii lead to more and more distortion from
orthorhombic structure; correspondingly, the number of
Raman-active vibration bands decreases, indicating a transition
to a more symmetric structure.”® In our case, all the samples
exhibit similar vibration bands, conforming that the phase
structure keeps unchanged with varying Sm concentration.
3.2. Sintering. Shown in Figure 3 are SEM images of the
cross-sectional (a) and surface (b) morphology of the
BaCe(¢Sm,Y,,_,O5_s5 pellets sintered at 1500 °C for S h.
The sintering ability as well as the grain size is obviously
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Figure 2. Raman spectra of BaCe;gSm,Y,, 055 (0 < x < 0.2)
powders calcined at 1000 °C for 3 h.

improved after Sm incorporation, which agrees with the results
reported by Gorbova et al. ® and Amsif et al. ® that Sm could
promote sinterability of doped barium cerate. The grain size
distribution displayed in Figure 4 and average grain size listed
in Table 1 further confirms the enhancement. With increasing
Sm concentration, the grain size grows larger, resulting in less
grain boundary, and this would be beneficial for decreasing
grain-boundary resistance.”® The relative density of the pellets
was also performed with a typical Archimedean method (Table
1) and increased correspondingly with Sm concentration.

3.3. Electrical Conductivity. Doped barium cerates exhibit
different charge transport behaviors under different atmos-
pheres. The Kroger—Vink notation for the corresponding
defect reactions are described below”

H,(g) + 2k + 2035 — 20H}, (1)
H,0 + V& + O3 — 20Hg (2)
H,0 + 2K + Oy — 20H] 3)

C))

20kV

X3,000

(b)

20kVv  X6,000 2pum 14 40 SEI

0010 23 40 SEI

Figure 3. SEM images of the cross-sectional (a) and surface (b) morphology of BaCe;Sm,Y,,_,O5_5 (0 < x < 0.2) pellets sintered at 1500 °C for S

h.
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Figure 4. Surface grain size statistics of the sintered Ba-
CegsSm, Yy, .05 5 (0 < x < 0.2) pellet samples.
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Proton defects in proton conductors may come from H, or
water vapor, as illustrated in eqs 1—3. Generally, proton
conduction dominates the charge transport under H,O/H,-
containing atmosphere at intermediate/low temperatures
(below 700 °C).>® Doped BaCeO; exhibit significant electronic
conduction contributed by the hole in atmospheres with high
oxygen partial pressure, as shown in eq 4. The electronic
conductivity would be suppressed after introducing water vapor
or in H,-containing atmosphere,” which can be interpreted by
eqs 1-3.

Figure 5 shows the total electrical conductivities of
BaCe(sSmy;Y,,0;_s under different atmospheres. As restricted
by the highest frequency of the impedance analyzer, it is unable
to distinguish the bulk resistance and boundary resistance at the
testing temperatures, hence only total electrical conductivity
was evaluated in this work. Because of the significant
contribution from p-type electronic conduction (eq 4),”
BaCe4Smy Y, ;O;_s shows much higher electrical conductivity
in dry O, in the high-temperature region. The conductivity
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Figure S. Arrhenius plots of the total electrical conductivity (6) of
BaCe(sSm, Y, ,0;_;s pellets under different atmospheres.

superiority in dry O, gradually disappears with decreasing
temperature due to the higher apparent activation energy for
hole hopping (Table 2). The conductivity in wet hydrogen (3%

Table 2. Summary of Apparent Activation Energy (E,, eV)
for Electrical Conductivity of BaCe,¢Sm,Y,, ,O; s under
Different Atmospheres

sample (x)
0 0.05 0.1 0.15 02
dry H, 0.41(1) 0.43(7) 0.46(8) 0.47(3) 0.48(4)
wet H, 0.37(9) 0.37(2) 0.35(1) 0.34(5) 0.33(9)
dry O, 0.60(6) 0.58(8) 0.56(5) 0.54(1) 0.54(4)

H,0) is higher than that in dry hydrogen at temperatures lower
than 700 °C, in which temperature region proton conduction is
predominate and the proton transport number is higher than
0.8.° Water vapor contributes a new path for proton
incorporation (eq 2) and is beneficial to increase proton
concentration and mobility in the oxide,*® thereby inducing
higher proton conductivity in wet hydrogen. Besides, the
apparent activation energy for proton conductivity is lowered
after introducing water vapor, as gresented in Table 2.
According to Kreuer et al’s work,” the enthalpy of the
hydration reaction tends to become more exothermic with
decreasing electronegativity of the cations interacting with the
lattice oxygen. Increasing temperature (above 700 °C) would
restrain the hydration process and promote water desorption in
BaCeOj-based HTPCs.” Therefore, water partial pressure

Table 1. Summary of Cell Parameters, Relative Density, and Average Grain Sizes of BaCe,gSm.Y,,_,O;_s pellets.

cell parameters

compositions a (A) b (A)
BaCey3Y(,055 8.7320(5) 6.2572(3)
BaCeysSmy05Yo1503.5 8.7457(5) 6.2648(2)
BaCe,gSmy,Yy,05.5 8.7560(4) 6.2836(3)
BaCeysSmy,15Y00505.5 8.7649(5) 6.2785(8)
BaCe,Smy,0; 5 8.7724(5) 6.2904(3)

c(4)
6.2185(4)
6.2314(4)
6.2177(4)
6.2265(6)
6.2245(4)
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V (A%
339.77(2)
341.41(3)
342.09(2)
342.65(6)
343.48(3)
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difference has no obvious effect on the proton conductivity at
high temperatures. With temperature decreasing, the hydration
reaction is more and more thermodynamically favorable.
Proton mobility, another factor that influences proton
conductivity, decreases with the temperature rapidly and plays
an increasingly important role in proton conduction, so the
proton conductivity drops under the combined effect of proton
mobility and concentration. As a consequence, the total proton
conductivity become similar again at further reduced temper-
atures (below 500 °C) as shown in Figure S. Azad et al. 30 also
reported an analogous electrical conductivity relationship under
different water vapor-containing atmospheres in Ba-
(Ce,Zr),_,Sc,O;_s perovskites.

Figure 6 reveals the Arrhenius plots of the electrical
conductivity of BaCe(sSm,Y,,_,O;_s in dry and wet hydrogen
(3% H,0). In dry hydrogen (Figure 6a), the conductivity first
increases with the Sm concentration build-up, and tops at
x=0.1, with a total conductivity of 3.92 X 107> S cm™" for
BaCeygSmg;Y,;05_s at 800 °C. When Sm content continues to
increase, the total conductivity starts to drop and reaches the
minimum at x = 0.2 (3.48 X 107> S cm™" at 800 °C). In wet H,
(3% H,0) (Figure 6b), the tendency is similar to that in dry
H,. And the total conductivity varies with x in the following
sequence: 0.1 > 0.15 > 0.05 > 0 > 0.2. According to the
equations discussed above, the main charge carrier is proton in
the two atmospheres. As is widely rep01rted,8’31 proton trapping
and mobility is closely associated with the dopants incorporated
into the Ce sites of BaCeO;. Gu et al. ~ investigated the
influence of dopants on conductivity as well as sintering ability
of a series of BaCeygsLng;s0;_5 (Ln = Gd, Y, Yb) ceramics. Y-
doped BaCeOj; s shows the highest conductivity while the
sintering ability is also related to dopant ionic radius. Amsif et
al.>** studied BaCeyoLny,0;_5 containing rare-earth dopants
with different ionic radii and found that the conductivity
reaches a maximum for Gd-doped samples rather than Y.
Besides, their results also inferred that Y and Sm exhibit
enhanced impacts on the electrical properties of barium cerates.
Table 3 lists a comparative study on total electrical conductivity
in the present work with the data from literatures at 600 °C, in
order to demonstrate the difference induced by codoping Y and
Sm in BaCeOj;_;. In this work, the total proton conductivity of
BaCe(sSm,Y,_,O;_s is determined by the proton mobility and
grain size. Increasing Sm concentration is detrimental to proton
mobility, but this enhances sintering and generates larger grain
sizes (Figure 3), which would decrease grain boundary density
and thereby grain-boundary resistance.”

However, Sm-doping has a totally positive effect on the
electrical conductivity of BaCe(gSm,Y,, ,O;_; in dry oxygen
(Figure 6¢). In dry oxygen, holes and oxygen ions become the
main charge carriers. And the apparent activation energy rises
from around 0.4 €V to about 0.6 eV (Table 2). In this case, the
improved conductivity is mainly induced by the improved grain
size and decreased grain-boundary density.

3.4. Single Cell Performance. In order to further evaluate
the electrochemical performance as an electrolyte material,
single cells with thin BaCeygSm,;Y,;0; 5 electrolyte mem-
branes and SmgSrysCo;_5Ce3Smy,0, 5 (SSC-SDC) com-
posite cathodes were prepared and tested. The SEM image of
the cross-sectional morphology of the as-prepared single cell is
displayed in Figure 7. The electrolyte membrane is around 16
pum in thickness, fully dense, free from crack, and bonds firmly
to the electrode membranes. The fuel cell power performance
is shown in Figure 8a. The peak power density (PPD) achieved
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Figure 6. Arrhenius plots of BaCeygSm,Y,, ,O; s with different Sm
content under different atmospheres: (a) dry hydrogen, (b) wet
hydrogen (3% H,0), and (c) dry oxygen.

0.60, 0.51, and 036 W cm™ at 650, 600 and 550 °C,
respectively, and the fuel cell still delivered power densities of
0.49, 0.41 and 0.28 W cm ™2 at a working voltage of 0.7 V. The
cell performance was significantly improved compared to some
other previously reported doped BaCeOj-based fuel cells, as
presented in Table 4. Bi et al. ** prepared a 16 um thick

dx.doi.org/10.1021/am500467m | ACS Appl. Mater. Interfaces 2014, 6, 5175—5182
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Table 3. Comparative Study on Total Electrical Conductivity
in the Present Work with the Data from the Literatures at
600 °C

measured 6 (X 107 S ecm™, 600
materials conditions °C) ref
BaCe(gSmy ;Y055 3% H,O—H, 2.37 this
work
BaCegSmy,0;_5 3% H,0—H, 2.07 this
work
BaCeysY0,05_s 3% H,0—H, 2.04 this
work
BaCey5Y0.1505_s 4% H,0—-H, 2.11 o
BaCegsGdy150;5_s 4% H,0-H, 2.01 °
BaCeyoYo, 055 wet 5% H,—Ar 1.35 8
BaCeyyGdy;0;_5 wet 5% H, — Ar 2.00 8
BaCe,oNd,,05_5 wet 5% H, — Ar 0.49 37
BaCeygSmy,0;_5 wet 5% H, — Ar 1.70 38

20kV  X1,00

10um

Figure 7. SEM image of cross-sectional morphology of the as-prepared
BaCey4Smy Y, 0;_s-based single cell.

BaCe(sSm,,0;_; electrolyte layer via screen printing, and the
corresponding peak power density of the single cell was 0.24
and 0.13 W cm ™ at 650 and 600 °C, respectively. Tao et al. **
reported a fuel cell with a 20 ym thick Ga-doped BaCeOj;
electrolyte membranes, only outputting peak power density of
0.15 W cm™ at 650 °C. The inferior performances mainly
induced by the high area-specific ohmic (R,p,,) and polarization
(R,) resistance of the cells. The electrochemical impedance
spectra (EIS) (Figure 8b) measured under open circuit
conditions reveal that the BaCe,¢Sm Y, ,0;_s-based fuel cell
shows much lower R, and R, values, as shown in Table 4,
which should be responsible for the power performance. The
Ry, value is 0.35, 0.37 and 0.44 Q cm?, whereas R, is only
0.05, 020, and 049 Q cm® at 650, 600, and 550 °C,
respectively. The lower R, and R, values can be attributed to
the thin and dense electrolyte membranes with high proton
conductivity, highly electro-active cathode material and fine
electrode microstructure. Besides, the conductivity of the
BaCe(4Sm,;Y,,0;5_5 electrolyte membranes under fuel cell
conditions was also estimated according to the film thickness
and Ry, values, achieving about 4.2 X 107%, 4.0 X 1073, and 3.4
x 1073 S em™! at 650, 600, and 550 °C, respectively. It should
be mentioned that the film conductivity is lower than the pellet
sample, suggesting that Ry, value of the cell can be further
reduced by optimizing the cell fabrication process. Thus, it can

5180

(@) 1.0 8 4600
091 5005
< 08 ] §
S 984
S J 400 %
g 77 —=—650°C =
= of x
S os- —e—600°C ]300 G
= —A—550°C S
[ T
O o054 4200 5
3
04+ 4100 &
0.3
T T T T T T T T T o
00 02 04 06 08 10 12 14 16 18
Current density (A cm™)
(b) o2
_ o 650°C
€ VN LT VI ap
o AA
<} AA%
N a
T T T T
0.7 0.8 0.9 1.0
Z' ©Qcm?)
(c)
2 400
<
£ 300 —
-
5 = 200 )
S E 550°C, 0.7V, short-term test
S 100
0 10 20 30 40 50
Time (h)

Figure 8. (a) I-V and power density curves, (b) electrochemical
impedance spectra under open circuit conditions, and (c) short-term
stability testing of the BaCe(gSmy,Y,,0;3_s-based single cell with wet
hydrogen (3% H,0) as the fuel and static air as the oxidant.

be anticipated that there is still much room to enhance cell
performance.

Suffering from the well-known thermodynamic instability,
especially under water vapor and CO,-containing atmospheres,
dope BaCeOj is facing serious challenges for working as a
durable electrolyte material for SOFCs. The short-term
performance stability of the BaCeygSm, ;Y ;03 s-based fuel
cell was evaluated at a low temperature of 550 °C with a
constant output voltage of 0.7 V. One can see from Figure 8c
that the power density nearly keeps constant without significant
degradation after operating for 47 h. The good durability of the
cell performance can be ascribed to the reduced operating
temperature as well as the well-sintered dense electrolyte film
which provided less active sites for corrosion. Park et al. **
reported a stable electrochemical performance of Ba-
CeysSmy,0;_sbased cells, outputting 0.36 W cm™> at 700
°C for 24 h without degradation even after one thermal cycle.
Peng et al. > also carried out durability test with
BaCe(sSm,,0;_s electrolyte at 650 °C for 1000 min, and
they found that the cell performance showed no obvious
decline at a working voltage of 0.7 V and current density of
around 0.12 A cm™ To further examine the chemical stability
of the electrolyte, the anode supported dense Ba-
CegsSmy,Y,,05_; electrolyte film was treated at 600 °C for
12 h under flowing wet air (~3% H,0O), as the electrolyte film
is exposed in similar atmosphere under SOFC operating
conditions. The XRD patterns (Figure 9) indicate that the
dense electrolyte membranes survive the test and no obvious
reaction occurs. The results imply that BaCeO;-based proton

dx.doi.org/10.1021/am500467m | ACS Appl. Mater. Interfaces 2014, 6, 5175—5182
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Table 4. Summary of the Electrolyte Film Thickness (um), Cathode Material, R, and R (€ cm?), and Peak Power Density
(W cm™) of the Cells with Doped BaCeO;-Based Proton Conductors Reported in Literature

electrolyte thickness cathode
BaCeysSmg,05_s 10 LSE-BCS
BaCe(3Gay,0;_s 20 LSCE-BZCY
BaCe(sSm,0;_5 50 BSCE-BCS
BaCe(4Y(,05_5 10 Pd
BaCe(4Sm,0;_5 16 LSE- BCS
BaCeySmy, Yo, 055 16 $SC- SDC

Rophm R, PPD ref
0.25 0.61 0.54 (650 °C) ®
122 2.09 0.10 (600 °C) 34
113 2.17 0.13 (600 °C) 36
0.37 (600 °C) 40
0.70 1.05 0.12 (600 °C) 3
0.37 0.20 0.51 (600 °C) this work

3%-H,0 air, 600°C,12 h

—:{.lkhk.

Intensity

as-prepared

-' . l A A A

20 40 60 80
26 ()
Figure 9. XRD patterns of the dense BaCe(gSm, Y, ,0;_; electrolyte

film before and after exposure in flowing wet air (~3% H,0) at 600
°C for 12 h.

conductors are durable electrolyte materials for SOFCs
operating at reduced temperatures. Overall, it is crucial to
improve the conductivity of doped BaCeOj;, explore highly
active electrode materials and optimize the cell microstructures
for further lowering the operating temperature of BaCeO;-
based fuel cells.

4. CONCLUSIONS

In this work, the dopant effect on the electrical conductivity
and sinterability of BaCey4Sm,Y,,_,0;_s (x = 0, 0.0, 0.1, 0.15,
0.2) proton conductors was carefully studied. Sm could
effectively promote the sinterability of BaCe(gSm, Y, ,O5_5
whereas is detrimental to proton transportation. The
conductivity variation of BaCe,gSm, Y, ,O;_; polycrystalline
ceramics is determined by proton mobility and grain boundary
density. Sinterability and bulk conductivity reaches a com-
promise in BaCeygSmy;Y,;0;_ 5 which exhibits the highest
total proton conductivity with sufficient sinterability among the
series. Moreover, BaCe(4Sm, Y, ;0;_s-based single cells out-
putted excellent power density and good short-term stability.
Doped barium cerate is a promising durable proton conducting
electrolyte material for low-temperature solid oxide fuel cells.
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