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HIGHLIGHTS GRAPHICAL ABSTRACT

e SrCoSn03_;-Ce0,_; semiconductor
materials have been applied as a
bi-layer electrolyte for CFC.

e The bi-layer electrolyte has a
remarkable ionic conductivity of
0.2 S/cm.

e The fuel cell device produced
672 mW/cm? at 520 °C.

e Bi-layer electrolyte was studied via

band alignment mechanism based
on proposed p-n heterojunction.
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moderate ionic transport in the electrolyte. In order to improve the ionic conductivity, a
new strategy of using a novel bi-layer electrolyte concept consist of SrCog3Sng;03.; and
CeO,.; in CFCs. These bi-layers of two electrolytes have successfully established hetero-
junction which considerably improved the ionic conductivity (0.2 S/cm) and enhance the
open-circuit voltage of the cell from 0.98 V to 1.001 V. Moreover, the CFCs utilizing bi-layer
electrolyte have produced a remarkable power density of 672 mW/cm? at 520 °C. This
enhancement of ionic conduction, power density and blockage of electron conduction in
the bi-layer electrolyte was studied via band alignment mechanism based on proposed p-n

heterojunction. Our work presents a promising methodology for developing advanced low-
temperature CFC electrolytes.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of Hydrogen Energy Publications
LLC. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Introduction

Achieving high ionic conduction at low temperatures is the key
research challenge in the development of advanced
semiconductor-based ceramic fuel cells (SCFCs). One way to
improve the performance of SCFCs is to utilize a mix of 0%~ and
H* conducting ceramic electrolyte materials. Generally, oxygen
vacancies can be created in the solid oxide materials via doping
through one or more dopants, where the created oxygen va-
cancies help in the transportation of 0?>~ ions which leads to
improve the ionic conductivity. For instance, it is well estab-
lished that the doping of Y into the ZrO, improves its ionic
conductivity and sustains the stability of YSZ material; also, Er
doping into the BiO; aids not only in stabilizing the 3-phase
structure but also helps in creation of O-vacancies (oxygen-va-
cancies) [1-3]. Furthermore, various reports are published
where the ionic conduction was enhanced via appropriate
doping such as doped ceria and Sr—Mg co-doped LaGaOs (LSGM)
[4,5]. However, the ceria-based electrolytes are constrained due
to their instability and inhibiting of electronic leakage due to
ease reduction of Ce™ to Ce™>. Usually, this happens when they
are being exposed to the reducing environments.

On the other hand, extensive efforts have been made on
developing the new electrodes with mixed electronic and
ionic conductivities (MIEC) such as LaSrCoFeOs;; (LSCF),
LaSrCoO3 (LSCO), BaSrCoFeOs; (BSCF). Also, the layered
structure LaBaCo,0s,; (LBCO), which can extend the oxygen
reduction reaction (ORR) active zone to the entire surface
because these can support both excellent ionic and electronic
conduction [6—13]. The MIEC materials allow the redox re-
actions to occur on their surface and hence increase the
concentration of reaction sites as well as enhance the triple-
phase boundary (TPB). Therefore, MIEC materials can play a
crucial role in reducing the operating temperature <600 °C of
the CFCs [14—16]. Considering the above-mentioned features
in recent years the layer structured NCAL (LiNip gC0¢.15Alo 0s-
O,) electrodes have been reported due to its higher ORR and
HOR catalytic activity [17—20].

Lately, researchers have been exploring the interfacial
engineering between the semiconductor and ionic conductor
to enhance the ionic conductivity of the ceramic electrolyte.
Several combinations of semiconductors and ion-conducting

materials have been reported where they have reported
enhancement in ionic conductivity as a result of interfacial
engineering, such as YSZ/SrTiOs;, SFT/SDC, and CoFe,0./GDC
[21—24]. The main idea is that these heterostructure materials
are quite different and much flexible than those single-phase
materials. At the interface, the electrons of the acceptor mo-
lecular state shifted to the donor state. This transformation of
electrons causes to decrease in the density of surface states.
Therefore, the heterostructure phase of semiconductor pro-
vides an alternative route to ionic transport, which boosts the
ionic conductivity [25]. As mentioned earlier and already re-
ported previously that semiconductor heterostructure is
beneficial for high ionic conduction. In detail study, it should
keep in view that p-n heterojunction has been proposed based
on nano-redox reactions and nano fuel cells. The primary
function of p-n heterojunction is to hinder the recombination
of electron and hole pairs by developing the built-in potential
[26—28]. Recently, the p-n heterojunction has been followed
using Na,COs; (p-type) composited with CeO, (n-type) and has
successfully delivered peak power density 1 W at quite low
temperature 520 °C. Build in electric field (BIEF) induced
metallic states have caused to enable the enhanced proton
transport via using p-n heterostructure [29]. Also, it has been
recognized that the semiconductor-ionic conductor is a well-
known model to realize the ionic conductivity even at low
temperature (450—550 °C) [30,31]. Moreover, the energy bands
play the main character in affecting ionic transport in the
semiconductor.

Interestingly, un-doped or pure ceria has been used as an
electrolyte in SOFC operating at low temperatures [32,33].
Also, Ceria and doped ceria has been used as a single phase
as well as a composite semiconductor heterostructure elec-
trolyte, which has delivered a better performance as well
as high ionic conductivity [5,32,33]. Besides, lately new
semiconductor-based electrolyte either single-phase or het-
erostructure have reported appreciable performance along
with high ionic conductivity [34—37].

Following the ideas mentioned above, herein we investi-
gated the effect of bi-layer semiconductor heterojunction
electrolyte on the electrochemical performance of SCFCs. The
formation of heterojunction SrCog3Sng;03.5-CeO, causes to
enhance the ionic conductivity from 0.11 to 0.2 S/cm of the
individual component electrolyte. The cells utilizing this


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ijhydene.2021.07.204
https://doi.org/10.1016/j.ijhydene.2021.07.204

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 46 (2021) 33969—33977

33971

heterojunction electrolyte produced a remarkable power
density at quite low-temperature 520 °C. Moreover, more
importantly, the interface of the constructed heterojunction
hinders the short-circuiting of the cell. Therefore, special
attention has been paid at the construction of SrCog 3Sng ;055-
CeO, heterojunction at the interface and their effect on the
performance of the fuel cells. This approach may enable low-
temperature operation of the high-performance SCFCs and
hence facilitates their commercialization.

Experimental section

The Sol-gel technique was used to prepare the semiconductor
SrCoo.3Sn0.703.5 perovskite electrolyte. A detailed description
of the synthesis is mentioned here. The nitrates of Sr, Co, and
Sn (99% purity sigma Aldrich) were dissolved in water with a
ratio of 1:2 with citric acid and then heated the precursor so-
lution at 80 °C with gentle stirring for 8 h to obtain the delicate
brown gel of SrCog 3Sn 7035 electrolyte. The purpose of add-
ing the citric acid (C¢HgO;.H,0) to the above solution as a
chelating agent to prevent it from the formation of larger
crystals and the aggregates of the particles. After the forma-
tion of gel, SrCog 3Sny703.; was heated at 120° for the whole
night to obtain the dried powder, then ground to crush the
powders homogeneously. Subsequently, the powders were
sintered at 1100 °C for 8 h to obtain final electrolyte powder.
Besides, ceria was synthesized using the same technique sol-
gel by pouring nitrate of ceria (99.9% purity, Sigma Aldrich)
into distilled water separately stirred at 80 °C for 6 h to gain
elegant sol of ceria. Also, ceria powder was prepared inde-
pendently for further characterization detailed given else-
where [32].

The electrolyte powder was characterized via different
characterizing tools such as the phase was studied of the
SrC003Sno 7035 and CeO, via X-ray diffraction (XRD). The
Bruker D-8 x-ray diffractometer (XRD, Bruker Corporation,
Germany) operating at 45 kV and 40 mA voltage and current,
respectively, with radiation of Cu K-alpha (A = 1.54060 A) was
used. The morphology and cross-sectional views of powder
and cell were investigated by field emission scanning electron
microscopy (FE-SEM, japan) working at 15 kV. To study the
band alignment, UV—visible spectroscopy was used to deter-
mine the optical bandgap which operated on a UV3600 spec-
trometer (MIOSTECHPTY Ltd.). Moreover, Ultra photoelectron
spectroscopy (UPS) was performed to investigate the position
of the valence band.

The NCAL powder for use as an electrode was bought from
China, Tianjin Bamo & Technology joint-stock Ltd. Besides,
the Ni-foam was applied as a current collector and for cell
support. Also, Terpinol was used as a binder in the fabrication
of electrodes or electrolyte. Later NCAL powder was mixed
with a binder (Terpinol) to get the slurry. Then slurry was
applied on Ni foam of 13 mm diameter subsequently heated it
at 120 °C for 20 min to dry the electrodes. To prepare the pellet
at first electrolytes containing the SrCoSnO;; layer was
pressed with 250 MPa of 13 mm diameter to obtain the pellet.
Afterward, the Ceria layer coated on a single layer of
SrCoSn0s.; electrolyte material using a brush coating tech-
nique to gain final bi-layer electrolyte materials.

Then cells were sintered at 700 °C for 6 h to make the cell
denser. After sintering, the bi-layer electrolyte was sand-
wiched between two NCAL electrodes and compressed under
the pressure of 250 MPa to obtain the pellet of 13 mm diam-
eter. The active area of the prepared pellet Ni-NCAL/
SrCoSn0s.; -CeO,/NCAL-Ni was 0.64 cm? The thickness of
whole pellet was about 1.5 mm where's the thickness of single
layer electrolyte was 700 pm. Also, the thickness of bi-layer
electrolyte (310 um & 400 pm) concerned to the CeO, and
SrCoSnOs electrolyte layer respectively. The electrochemical
performance was operated under the hydrogen fuel and
ambient air with a flow rate of 150 ml min~*. The impedance
analysis was measured by using the electrochemical work-
station (Gamry Reference 3000, USA) in the frequency range of
0.1 Hz—1 MHz with an amplitude of 10 mV. The cell perfor-
mance [-V & I-P reading were obtained using electronic load
(IT8511, ITEC Electrical Co., Ltd).

Results and discussion
X-ray diffraction (XRD)

The obtained X-ray diffraction patterns of SrCo 3Sng ;035 and
transparent ceria have been illustrated in Fig. 1. The peaks of
the SrCog 3Sng ;05.; semiconductor can be indexed as a cubic
perovskite structure without showing any impurities peaks.
All sharped peaks revealed a well-developed crystalline
structure. In addition, the characteristics peaks of the syn-
thesized CeO, powder at 800 °C, corresponds to the pure
fluorite perovskite structure with no trace of impurities.
Following the Scherrer formula, the calculated crystalline size
of 48, and 50 nm corresponds to the SrCoq3Sn,703.; and pure
ceria, respectively. All the extracted peaks from the dif-
fractogram are related to the individual ceria and SrCoqs-
Snp ;055 All peaks including (200), (220), (400), (420), (422),
(440), and (620), and (111), (200), (220), (311), (222), (400), (331)
and (420), are assigned to SrCop3Sng 7035 (JCPD no. 00-042-
1467) and CeO, (JCPD no. 43—1002) respectively. Also, diffrac-
tion pattern of SrCog3Sng ;035 displays minors peaks at 26-
and 34-degrees corresponds to the SrCO;. Moreover, the peaks
well-matched with the reported literature [33,38,39]. More-
over, lattice volume from XRD and Archimedes principle un-
veiled the relative density of sintered pellets for SCSn—CeO, is
93% while 87% for the single layer SCSn electrolyte suggesting
that bi-layer electrolyte is much denser than the single layer.

Scanning electron microscopy (SEM)

Fig. 2 (a) shows the ceria electrolyte layer between the cathode
and SrCog3Sng ;035 electrolyte layer, and Fig (b) exhibits a
magnified image of the three layers of the fuel cell. These
depicted images confirm that the ceria has been well incor-
porated as a bi-layer with the SrCo,3Sng;03.5 electrolyte as
well as with the electrode, which is helpful for the fuel cell
performance. Fig (c) magnified the surface of the ceria elec-
trolyte layer.

Fig. 2(d) shows the cross-sectional view of single layer fuel
cell device. It can be clearly noticed that electrolyte is dense and
sandwiched between the porous electrode which guarantee
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Fig. 1 — X-ray diffraction pattern of SrCo, 3Sn, ;03_; and
CeO,.

better current density, higher OCV and high catalytic activity of
electrode. While Fig. 2(e—f) visualized the images of the scan-
ning electron microscopy (SEM) of the ceria and SrCoSnOs_;.

powder, which reveals that the particles are uniformly
distributed. From the morphological aspects, it has shown that
particle size does matter in case of grain and has a strong
correlation with the flow of charge carriers. The uniformity of
the current materials reveled that particles (grains) are well
connected, which is beneficial for the transportation of charges.
The small size of grains discloses the fast transport of charges
and also decreased grain boundary (GB) to produce more active
area sites directly. The homogeneity of all particles is in favor of
quick transport of charge carrier in our device. Consequently,
the interface in the heterostructure is much more suitable area
to speed-up the charge transport in our device.

NCAT Githogs

AL Anode 100

Fuel cell performance

To demonstrate the electrochemical performance, the
current-voltage (I-V) and current-power (I-P) curves of the
symmetrical solid oxide fuel cells, (Ni-NCAL/SrCog 3Sng 703-5/
NCAL-Ni) and (Ni-NCAL/SrCoq 3Sn0 7035 -Ce0,./NCAL-Ni), are
shown in Fig. 3. All these measurements were carried out
under different gas environments (hydrogen as a fuel and air
as an ambient oxidant), as presented in Fig. 3 (a, b). The cells
involve SrCog3Sng ;055 and SrCop3Sng ;055 -CeO,_5 as elec-
trolytes have generated a remarkable high-power density of
80, 290 and 360 mW/cm? and 250, 510 and 672 mW/cm? at
420 °C, 470 °C and 520 °C, respectively.

The cell utilizing pure SrCop 3Sn, 7035 has less open-circuit
voltage (OCV) than 1.0 V, which suggests that there is some
gas leakage or short circuit issue. However, in the fuel cell
involve SrCoSnO5.;—CeO,.; has stable and more than 1.0 V
OCV with higher performance 672 mW/cm? which manifests
that the heterojunction is suitable for fuel cell technology, as
reported in previous reports [21,40,41]. Such high performance
has two reasons; (i) one of them is the incorporation of the
pure ionic conductor into the SrCog 3Sng ;035 mix conductor
in the form of the bilayer electrolyte (ii) second is the forma-
tion of heterojunction which overall enhances the ionic con-
duction and stop the electronic conduction, such high ionic
conduction contributed from the interface of SrCog 3Sng ;035 -
CeO,_; leads to higher performance as reported in many cases
[23]. Generally, it is established that in the fuel cell science, e-
conduction (electronic conduction) is not suitable for an
electrolyte, but in some extent the e-conduction help our
proposed concept of bi-layers electrolyte. The e-conduction
not only has a negative consequence but also has a positive
impact on a fuel cell as it helps to enhance the TPB region of
cathode and anode, which causes decay in polarization
resistance [42]. In contrast, the dominance of e-conduction
can cause a short-circuiting problem, which has not been
observed in SrCog 3Sng 703.5 -CeO, heterostructure.

Fig. 2 — Micrograph of (a—b) the cross-sectional view of bi-layer electrolyte and, electrolyte pasted cathode supported layer of
ceria with different resolution (c) the surface of the ceria electrolyte layer, (d) the cross-sectional view of single layer
electrolyte (Ni/NCAL-SCSn-NCAL/Ni) and (e—f) the images of Ceria and SrCoSnO;_; powder.
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Fig. 4 — Electrochemical Impedance Spectroscopy of (a) SrCop 35N 7035 and (b) SrCog 3Sn, ;03.; -CeO,, bi-layer electrolyte at

different temperature 420—520 °C.

Following the fuel cell performance, the EIS characteriza-
tion was carried out to investigate the electrochemical prop-
erties of the two of cells (Ni-NCAL/SrCog 3Sng 703.5/NCAL-Ni
and Ni-NCAL/SrCog3Sng ;035 -CeO,/NCAL-Ni). Fig. 4 (a, b)
shows the impedance spectra of the single-layer SrCogs-
Snp ;035 and SrCopsSng ;055 -CeO, heterostructure layer
operated under the OCV condition at 420—520 °C. Normally,
the intercept at high frequency at the real axis manifests the
ohmic resistance (R,) and the ohmic resistance (R,) contained
the resistance of the electrolyte and electrodes, and the ohmic
contact resistance that usually comes from the interface [41].
In addition, to the ohmic resistance, the polarization resis-
tance R, which is the sum of R1 and R2 corresponds to charge
transfer and mass transfer at high frequency (HF) and low
frequency (LF). Polarization resistance (Rp) constitutes several
despondent arcs signifying the existence of physical as well as
the chemical process corresponds to the anode and cathode as
briefed earlier [5].

The obtained ohmic resistance (R,) of the cells are about
0.18 Q-cm? and 0.25 Q-cm? corresponding to the SrCog 3Sno ;-
035 -Ce0, and SrCog3Sng 0.5 cells, respectively at 520 °C.
Besides, the polarization resistance reduced significantly and
promote the higher activity of the electrode [20]. All the fitted
parameters obtained from the Zsimpwin software have been
listed in Table 1 and 2. The lower value of ohmic resistance
(Ro), as well as grain boundary resistance (R1), signify better
conduction of SrCog3Sng;0s3.; -CeO, as compared to the
STCOOA3SHQA703_5 at 420—-520 °C.

To understand the charge transfer phenomenon and ionic
conduction process in semiconductor heterostructure SrCog 3-
Snp ;055 -CeO, cell, different gases environments were applied
to observe the changes in the impedance curve as presented in
Fig. 5(a and b). Fig. 5(a) shows the impedance curve the fuel cell
under the environment of air on both sides of the cell operated
at 520 °C. As displayed, several depressed arcs showed much
high resistance of about 40—50 Q-cm™~2, signifying that ionic

Table 1 — The EIS fitted data of the SrCo, 3Sn, 705-; -CeO, buffer layer electrolyte cell materials at different temperatures

520-420 °C.

T I Ro Ry Q n R, Q, n
520°C 2.997E-8 0.16 0.06 0.004 0.8 0.25 0.0003 0.18
470 °C 1.049E-7 0.21 0.08 0.99 0.4 0.36 0.0004 1
420 °C 1.322E-7 0.26 0.1 0.0002 1 1.19 0.57 0.44
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Table 2 — The EIS fitted data of the SrCog 3Sng ;0s.

5 electrolyte cell materials at different temperatures 520-
420 °C.

T 1L, RO R1 Q]_ n R2 Q2 n

520°C 7.07E-8 0.25 0.07 29 0.79 0418 352 0.24
470°C 7.464E-8 0.27 022 4.02 084 0.81 0.75 04
420°C 7.479-8 069 041 113 037 1 0.17 0.1

conduction is negligible. Afterward, H, gas was injected to
replace air for 10—15 min, and it resulted in the low ohmic
resistance 0.17 Q-cm 2, as well as lower polarization resistance
0.31 Q-cm ™2, which is significantly lower than that air/air con-
dition at 520 °C as shown in Fig. 5(b).

Moreover, at first, the H, was replaced with N, and air for
almost 1 h. Afterward, the N, was replaced with air to create
an air atmosphere on both sides of the cell. Surprisingly, it
showed virtually approaching impedance value to the
impedance value of the cell under Hy/air condition. These
results suggest that ohmic resistance does not change much,
while the polarization resistance did not repeat the same
value as observed before the performance. This indicates that
dominant conduction is the ionic conduction, especially ox-
ygen ions, and proton ions are the charge carrier. Such high
ionic conduction is also due to the incorporation of a pure
layer of ceria (CeO,.;) into the (SrCog 3Sng 703.5) layer to form
the heterostructure [43].

UV—visible, UPS, and energy band analysis

To further confirm the above proposed mechanism of energy
band structure, including the energy levels of SrCogs
Snp ;035 and CeO,. Therefore, UV—vis and UPS were employed
to determine the energy band structure of SrCog 3Sng 7035 and
CeO, separately. Fig. 6(a—b) shows the UV—vis absorption
spectra of both semiconductors, both p-type (SrCo 3Sng 703-5)
and n-type (CeO,). The energy bandgap is calculated from the
precise absorption edges by using the following equation
ahv = A (hv-Eg)" in which hv is photon energy o is the coeffi-
cient used for absorption, A represents the constant while n is
¥ value for direct bandgap-semiconductor [44]. The obtained
bandgap values 2.11 eV and 3.21 eV for the SrCop 3Sn, 705.; and
CeO,, respectively.

2.4 1

Fitted Line
H  air-air

520°C

(a)

Z img ohm-cm?

10 15 20 25 30 35 40
Z real ohm-cm2

However, the bandgap study is not going to fulfill the re-
quirements of the energy level of semiconductors. Therefore,
for a better understanding of the energy level, the UPS was
performed to determine the position of the valence band
using the following equation ¢ = 21.2 eV- (Ecutt-off — Eon-set)
[44]. The details of the above-stated equation can be found
elsewhere [44]. According to the above-stated equation related
to UPS, the position of VB was found to be 6.02 eV and 7.15 eV
for the SrCog 3Sng 703.5 and CeO,, respectively. Consequently,
the extracted CB position was 3.91 and 3.94 eV by deducting
the value of bandgap from the valence band.

The above-determined parameters indicate that SrCog 3.
Sne ;035 p-type and CeO, n-type are complementary and
suitable to form the p-n heterojunction. Also, by seeing the
conduction type of these two p and n-type semiconductor
materials, we assume that a successful demonstration
occurred due to the formation of p-n heterojunction at par-
ticle scale. In p-n heterojunction, charges distribution took
place at the interface of either p-type SrCop3Sng;03.5 or n-
type CeO, material, which caused to induce the gradient
energy level as well as built-in the electric field at the inter-
face. Both phenomena are beneficial in the separation of the
ions and electrons, preventing the short-circuiting issue and
simultaneously enhancing the fuel cell performance as re-
ported in the published literature [41,45,46]. The interfacial
redistribution of charges establishes a space charge region or
depletion region, including BIEF, directed from n-type to p-
type semiconductor [47]. Also, p-type and n-type materials
have different Fermi levels, so to reach a continuous level,
valence band offset and conduction band offset were pro-
duced to form the potential barrier at particle scale. How-
ever, the established potential barrier helps in the stopping
of the intrinsic electronic transport. In the meantime, at the
interface, built-in electrostatic potential caused to enhance
the ionic conduction leads to lower activation energy Eact
[23,40,41,48]. This p-n heterojunction at particle scale level
supports the high OCV and the remarkable performance of
the fuel cell.

Durability of fuel cell
The stability with good and long-term performance is

essential in fulfilling the need for the commercialization of
semiconductor ionic fuel cell device and technology. Thus, to

0.2
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Fig. 5 — Impedance Spectra of the bi-layer cell operated at 520 °C with (a) air/air and (b) Ho/air then air/air at 520 °C.
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confirm the feasibility and stability operation of our device
including either the single layer (Ni/NCAL-SrCoSnO3-NCAL/
Ni) or bilayer device (Ni/NCAL/SrCoSnO;—CeO,/NCAL/Ni)
were evaluated under the Hy/air atmosphere at low opera-
tional temperature 520 °C. In our evaluated device the con-
stant current density under the load of 100 mA/cm? were
applied and noted the stability operation where single layer
remain stable at 0.93 V for almost 12 h while the bi-layer hold
the stable operation at 0.94 V for 50 h as displayed in Fig. 7. At

start there is little decline in voltage which might be due to
the fluctuation in fuel supplying but later it got stable as can
be viewed in Fig. 7. From the stability operation It can be
concluded that bilayer device is more stable than the single
layer which might be appears due to the formation of het-
erojunction between p and n-type materials.

The long-term stability is necessary for the commerciali-
zation of semiconductor based ceramic fuel cell. But keep in
mind that long term stability (>100 h) desire a better
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Fig. 7 — Durability test of single SrCoSnO; layer and bilayer
SrCoSn03;—CeO, electrolyte under H,/Air environment at
520 °C.

engineering in terms of high and stable electrocatalytic ac-
tivity electrodes and better compatibility which can be
persuaded in near future for both either the single layer or
bilayer device.

Conclusion

In summary, we have developed the SrCoq 3Sn, 7035 and CeO, as
abi-layer electrolyte for ceramic fuel cells. This study shows that
the electrochemical performance of the cells strongly depends
on the formation of the heterojunction with the built-in electric
field at the interface of n (CeO,) and p (SrCoo3Sng703.5) semi-
conductor. The BIEF promotes the transportation of ions to
enhance the performance of the device. The bi-layer electrolyte
improves the ionic conductivity by 50% as compared to
SrCop 3Sno 703.5 based single layer electrolyte. Furthermore, the
cells utilizing this bi-layer electrolyte produced 672 mW/cm?
whereas the cells utilizing SrCoq 3Sng ;035 single layer electro-
lyte produced 360 mW/cm? The formation of heterojunction in
the bi-layer electrolyte blocks electronic transport through the
cell. Ithence prevents the short-circuiting as well as enhance the
overall performance of the device. Furthermore, our device re-
mains stable almost for 50 h which enlarge the worth of semi-
conductor device. All these properties and enhanced
electrochemical performance of bi-layer semiconductor elec-
trolyte have proven the worth of it to be used in semiconductor
based ceramic fuel cell. Thus, semiconductor electrolyte has
provided new and vast functionalities to design novel semi-
conductor electrolyte for advanced ceramic fuel cell technology.
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