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Abstract. Alternative energy sources are needed to meet global energy demands, and a
dependable solid oxide fuel cell (SOFC) has demonstrated system reliability. The
commercialization of SOFC, especially for intermediate to low-temperature applications, can
be widely achieved after meeting a few system requirements and locating suitable material
candidates. Therefore, this review is conducted to observe the current approach to the
material development for intermediate temperature SOFC (IT-SOFC) and the influence of
doping the element on BSCF-based cathode properties. This article reviewed two types of
doping elements, namely, Niobium (Nb) and Zinc (Zn), and their chemical, physical, thermal
and electrochemical characteristics. The dopant material was substituted in the B-site of
BSCF cathode material to increase the cell performance. As observed from the study, it
greatly enhanced the performance and chemical stability of BSCF as a cathode material.
Interestingly, Nb-doping increased the chemical stability and CO2 tolerance of BSCF-based
materials under high oxidation conditions, while Zn doping improved the electrocatalytic
activity of the oxygen reduction (ORR) process. This review found that BSCF perovskite is
an attractive and promising candidate material for SOFC. Still, the compatibility of the
cathode material in terms of chemical, physical, thermal and electrochemical properties
should be further investigated to achieve optimum parameters for outstanding cell
performance.
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Introduction
Global energy consumption necessitates the development of alternative power sources
that can benefit the world in various ways [1]. A dependable fuel cell is an electrochemical
system that can convert energy from chemical into electrical [2] in a clean and
environmentally friendly manner [3-4] with minimal pollution [5]. Among all fuel cell types,
the solid oxide fuel cell (SOFC) has demonstrated guaranteeing performance suitable for
today’s concerns [6-7] also a promising clean and efficient power generation device [8].
However, SOFC has a major operating temperature issue [9] because it typically operates at a
high temperature of approximately 1000 °C [1]. The operation of SOFC at temperatures
ranging from 700 °C to 900 °C might have an adverse effect on the system’s overall
efficiency [10].
The required operating temperature makes commercialization impossible for SOFC
because it limits the use of substances and increases the process’s cost [10]. This issue can be
avoided by reducing the operating temperature to a moderate level at 600 °C to 800 °C [11].
SOFCs are attractive candidates for future technology inventions for converting energy, and
considerable work has already been expended on reducing their working temperature for
broader usage [10, 12]. This reduction can provide numerous benefits to the operation,
including reduced material degradation, increased material structure stability, longer service
life, and reduced processing costs [6-10, 13]. However, as a cathode material selection, lower
temperatures could reduce cathode catalytic performance for the oxygen reduction reaction
(ORR) process and thus decrease the electrochemical performance of intermediate SOFC (ITSOFC) [14-15]. Hence, the appropriate cathode materials for IT-SOFC should be investigated.
The exploration of high-potential cathode materials needs to consider two factors: high
catalytic activity and improved chemical stability [11, 13].
Several investigations were conducted to produce better cathode material compounds
and optimize their microstructure to improve the catalytic properties for the ORR process in
IT-SOFC. Among various cathode substances investigated, perovskite oxides material with
mixed oxygen ionic and electronic conductivity (MIEC) has received the highest attention
[16]. In the last few years, alternative materials for cathode composites like
La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF), Ba0.5Sr0.5Co0.8Fe0.2O3-δ (BSCF), BaCo0.4Fe0.1Y0.1O3-δ
(BSCFY0.1), LaBa0.5Sr0.5Fe2O6-δ (LBSF) and PrBa0.5Sr0.5Co2-xFexO5+δ (PBSCFO) have been
investigated [17-22]. The researcher proposed BSCF as a suitable cathode composition
candidate for intermediate temperature with improved performance, and this perovskite has
high-ion conductivity [19] and superior catalytic performance in oxygen reduction [21-23]
and a reasonable material cost [3]. In addition, BSCF is famous for having good stability and
compatibility with electrolyte materials under fuel cell operating conditions such as BZCY,
SDC, GDC, LSGM, YSZ and many more [24]. However, BSCF experiences chemical
instability [25], thus decreasing the electrochemical performance [26], thus decreasing
oxygen ion production. Moreover, the BSCF degrades over time because of the phase change
from cubic to hexagonal phase, where it negatively affects cell performance [27].
Furthermore, BCSF has a high thermal expansion coefficient (TEC), which reflects to its
poor incompatibility with the electrolyte and cathode interfaces [28].
A connection has been discovered on the BSCF cubic perovskite phase decomposition
with the Co ion oxidation condition caused by oxygen nonstoichiometric (δ) change.
Therefore, manipulating Co’s oxidation state can sustain the cubic perovskite phase of BSCF
[29]. The previous study proposed that the formation of oxygen vacancies promotes
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perovskite phase stabilization [30]. Moreover, substituting higher valence cations for the Bsite cation can enhance cell performance [29]. This substitution also can improve BSCF
oxygen fluxes [31]. The elements of multivalent B-sites are selected for their superior ability
to perform redox reactions in response to oxygen partial pressure during the SOFC operation
[32]. Substitution of higher or lower valence cations on the B-site (Co / Fe) with Ag1+, Zn2+,
Sc3+, Y3+, Ti4+, Nb5+, Mo6+ and W6+ can help in stabilizing BSCF’s cubic crystal structure and
lowering thermal expansion coefficients [33-49].
In this short review, recent studies on transition metal element doping with BSCFbased cathode cathodes are reviewed and discussed regarding the effect of doping material on
cathode cell performance. Possible cathode material for IT-SOFC can be developed and
discovered following this review. The doping material emphasized in this review is Niobium
(Nb), which is currently receiving significant attention [39], and Zinc (Zn), which is being
continuously researched and provides an excellent attribute to the increase of oxygen flux
[34]. The review work will cover the results and discussions on the chemical, physical,
thermal and electrochemical properties achieved by previous research. The outcome between
these two doping elements will be summarised.

Niobium-doping characteristic
The transformation of the perovskite structure from cubic to hexagonal phase is an
inherent characteristic of BSCF-based materials that may be unavoidable at intermediate
operating temperatures of SOFC. This scenario is caused by the slow cubic phase
decomposition in Co, while the Ba side is enriched with hexagonal phase, resulting in a cubic
phase deficient in Co and Ba. This phenomenon also decreases cell performance [26].
According to Egorova et al. (2015), partially substituted Niobium (Nb5+) into the B-side (Co
and Fe) can aid in the solution of the phase stability of BSCF-based materials at IT-SOFC.
The difference in interatomic distance in cubic and hexagonal perovskite structures
shows a stabilization influence of Nb doping with BSCF perovskite structure. In the
hexagonal structure, the interatomic distance of Co and Fe ions with the oxygen ions (Co—O
and Fe—O) is lesser than that in the cubic structure [41]. According to the law of change
neutrality, a reduction of valence cations on the B-site element can occur when Nb5+ is
substituted into Co atoms in the BSCF system, and it can decrease the oxygen vacancy
concentration [26]. When the oxidation state of the B-site element is reduced, the ionic radius
will increase, thus increasing the chain length [41]. By substituting Co and Fe with Nb, the Bsite cations are likely to adopt a cubic form with a greater distance of B-cations [26].
In addition, Nb5+ added to the Co and Fe atoms can reduce the valence in the B-site
elements of the BSCF structure. Thus decreasing the oxygen vacancy content, where it can be
addressed by changing the interatomic length between Co and Fe ions with oxygen ions and
modifying the number of coordination and B-cation environment [26]. Wang et al. (2014)
found a significant enhancement in the BSCF-based cathodes chemical stability under intense
oxidation conditions after substituting Nb into B-site cations. The previous study findings
will be reviewed and discussed in terms of how much Nb may increase the performance of
the BSCF-based cathode.
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Results and discussion on Nb-doping properties. In terms of chemical properties analysis,
the testing involved was X-ray diffraction (XRD). Huang et al. (2020) reported that material
depreciation could occur between the interface reaction of cathode and electrolyte, which
should be avoided in the actual implementation of IT-SOFC. A phase identification analysis
was done to examine the chemical compatibility of the composite cathode with the
electrolyte. Figure 1(a) shows the phase diffraction pattern for BSCF, BSCFNb0.05,
BSCFNb0.1, SDC and BSCFNb0.05-SDC samples. The graph indicates that BSCFNbx
possesses a perovskite structure without an impurity phase. It is also verified that BSCFNbx
is well-suited with the SDC as electrolyte material. Figure 1(b) shows the enlargement view
of the XRD pattern at 2θ = 31.7°. As the Nb content increases, the diffraction peak shifts to
the low-angle direction [38].
The lattice parameter was also calculated to determine the condition of the doping
material in the BSCF-based cathode. The results show that with a higher level of Nb5+
doping, the cubic structure’s lattice parameter expanded from 3.9851 Å to 3.9895 Å, where it
is approximately equal to the lattice parameter of BSCF that reported in the previous study
(3.9759 Å). Hence, cell volume increased, indicating that Nb5+ has a higher ionic radius than
of 0.64 Å than Co4+ (0.53 Å) or Co3+ (0.61 Å) [38]. These occurrences can be ascribed to
Nb’s having a larger ionic radius than Co.

Figure 1. (a) The XRD pattern of BSCF, BSCFNb0.05, BSCFNb0.1, SDC and
BSCFNb0.05-SDC composite powder after 3 hours of calcination at 1000 °C and (b)
Magnified image (2θ = 31.7°) of XRD pattern for BSCF, BSCFNb0.05 and BSCFNb0.1
[38].
Figure 2(a) exhibits the SEM micrograph of cross-sectional view for a single-cell
structure (NiO-BZCY|SDC|BSCFNb0.05-SDC). The cathode layer was firm merges with the
electrolyte layer with no detected abnormalities, fractures, or delamination. The SEM image
morphology result shows that the BSCFNb0.05-SDC sample is completely well-matched
with the electrolyte. Figure 2(b) shows the surface morphology of SDC electrolyte, which
displays a densely packed structure free of pores and cracks. Figure 2(c) shows the crosssectional view of the BSCFNb0.05 cathode. The cathodes have an open pore structure that
can improve and offer a good path for oxygen transport and a productive site for the ORR
process [38, 42]. To prove that Nb-doping can obtain a fine structural condition with a BSCFbased cathode, Li et al. (2016) reported that the BSCFN|LSGM composite cathode is
securely attached and shows no delamination signs. Figure 3 shows the dense LSGM
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electrolyte and porous BSCFN composite cathode. It is indicated that the Nb doping shows
good compatibility in physical properties toward BSCF-based cathode material.

Figure 2. SEM image of (a) BSCFNb0.05 single cell structure in cross-sectional view, (b)
SDS electrolyte surface morphology and (c) BSCFNb0.05 cathode in cross-sectional
view [38].

Figure 3. cross-sectional SEM morphology of BSCFN|LGSM composite cathode [29].
Furthermore, matching thermal expansion coefficient (TEC) values result in a
superior electrolyte-electrode combination, which improves electrochemical performance and
stability [38]. Yang et al. (2020) reported that in SOFC operation, the electrode materials
must have specified mixed oxygen ion-electron hybrid conductivity, a lower interfacial
polarisation, and a thermal expansion coefficient compatible with the electrolyte material.
Figure 4 illustrates the curves of thermal expansion coefficients of BSCFNbx against
temperature. The average of TEC values is displayed in Table 1.
From the observation, the average TEC values seem to decline as the amount of Nb5+
in the sample becomes greater in concentration. The binding energy of ions in the perovskite
lattice is inversely associated to the TEC. When Nb5+ is doped, the B-O bonds are
strengthened, and the TEC drops as a result [38]. As can be seen, all curves exhibit a shift in
slope between 500 to 600 °C owing to the thermal decomposition of lattice oxygen [38, 46].
Additionally, the absence of lattice oxygen also decreasing the valence state of Co/Fe ions
and weakens the bond between B and O. Therefore, the increasing lattice oxygen with rising
temperature would improve the TEC values of BSCFNbx materials [38].
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Table 1. The average of TEC values of BSCFNbx (x = 0, 0.05, 0.1) [38].
Material
BSCF
BSCFNb0.05
BSCFNb0.1

The average of TEC values
21.74 x 10-6 K-1
19.67 x 10-6 K-1
18.74 x 10-6 K-1

Figure 4. The TEC curves of BSCFNbx samples with temperature measured in air
Atmosphere [38].
Figure 5 demonstrates the Ni-GDC|LDC|LSGM|BSCFN electrolyte supported singlecell impedance spectra at 600 °C, 650 °C, and 700 °C by an open-circuit voltage (OCV) state
with using wet H2 as fuel supply and atmospheric air supporting as the oxidant. Figure 5(b)
shows the illustration graph of ohmic resistance (Ro) and total resistance (Rp) value against
the operating temperature. Based on the graph image, the Ro and Rp value decreased
substantially as the operating temperature increased. Figure 5(a) presents the fitted impedance
spectra evaluated using the equivalent circuit in Figure 5(c). Where L represents the
impedance and R: CPE indicates the resistance frequency range arcs as R1: CPE at low range,
R2: CPE at the middle range, and R3:CPE at high range. As a finding, two small arcs can be
seen in the high and middle frequency ranges connected with O2- and change transport in the
porous electrodes [23].
Meanwhile, large arcs that occurred at the low-frequency region are correlated with
the cell reaction during gas migration. In addition, with the rise in running temperature, the
resistance arcs at the high and medium frequency range decrease, suggesting that BSCFN
benefits the O2- transfer. Nevertheless, the resistance is more prevalent at the low-frequency
range arc in these impedance spectra. Moreover, the microstructure of the porous electrodes
could be optimized to improve bulk oxygen transport, which will indirectly improve cell
efficiency [23]. It is because a porous state of morphology can help make a pathway for
oxygen transport and increase the ORR activity of the sample.
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Figure 5. The Ni-GDC|LDC|LSGM|BSCFN single-cell impedance spectra, (a) Fitted
impedance spectra, (b) Illustration of Ro and Rp plots against operational temperature
and (c) equivalent circuit [23].
Figure 6 shows the cell voltage of electrolyte supported, NiGDC|LDC|LSGM|BSCFN, with a current controlled load of 0.6 Acm-2 for more than 100
hours at an operating temperature of 650 °C. The cell performs consistently based on the
graph, and no signs of degradation have been detected. However, cell voltage slightly
increased at a constant current load of 0.6 Acm-2 at 650 °C. This phenomenon occurred at
the activation of the BSCFN cathode during the SOFC processes [23]. In addition,
considering the stable chemical, physical and electrochemical properties of BSCFN
perovskite cathodes with LSGM electrolyte, Nb can be combined with BSCF-based cathode
and be a suitable cathode material for IT-SOFC.

Figure 6. The Ni-GDC|LDC|LSGM|BSCFN electrolyte supported cell voltage [23].
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Zinc-doping characteristic
Several groups have attempted to plan a strategy to improve BSCF performance at
intermediate operating temperature. One of them is to identify the Cobalt-based materials that
exhibit outstanding mixed ionic and electronic conductor (MIEC) properties to be the
material candidates. A general MIEC perovskite such as BSCF has a chemical formula of
AAʹBBʹO3-δ, which AAʹ are typical alkaline earth metal ions and/or lanthanide metal ions.
At BBʹ, the transition metal element usually is present [31]. Ba0.5Sr0.5Co0.8Fe0.2O3-δ (BSCF) is
a highly favourable compound for ceramic membranes because of its excellent oxygen
permeability across a varied temperature region [19].
Nevertheless, cobalt-based materials experience several limitations; for instance,
cobalt can quickly evaporate and be reduced, with a high thermal expansion coefficient [10].
A promising strategy has been discovered to improve BSCF-based cathode by substituting
one cation in the B-site of BSCF [23-24, 32]. Several research papers have studied the
substitution of transition element Niobium (Nb) with BSCF-based cathode. As previously
stated, aside from Nb, Zinc has recently gained popularity as a desirable doping element.
Zinc (Zn) can maintain the chemical stability of BSCF under low oxygen partial
pressures and changeable temperatures because of the Zn2+ constant oxidation state.
Moreover, Zn2+ constant oxidation state can act as a barrier toward electronic conduction.
This occurrence is referred to as the Zerner double exchange process. The electron
conduction in perovskite material has a variable oxidation state that requires overlapping
oxygen 2p orbital with the 3d of B-site metal [49]. Therefore, the optimum doping
composition for Zn needs to be developed before it can be used as a cobalt substitute. Zeng et
al. (2020) adopted minor Zinc doping, resulting in improved oxygen reduction reaction (ORR)
catalytic activity and stability of BSCF as cathode material for SOFC. In this review, doping
of Zinc on a BSCF-based cathode will be discussed and elaborated in terms of the improved
impact of the doping element on the cathode composite.
Results and discussion on Zn-doping properties. A few tests were involved in analyzing
the effect of the Zn-doping element on BSCF-based cathode. For the chemical properties, the
result was determined via XRD. Park et al. (2011) stated that Zn-doping exhibits a wellcrystallized XRD pattern, and all elements involved exist at their peaks with no secondary
phase peaks appearing. Moreover, Zinc is certainly fit in the crystal structure at the B-site of
perovskite and has positively responded when added to the cobalt. Table 2 displays the
calculated lattice parameter of Ba0.5Sr0.5Co0.2-xZnxFe0.8O3-δ powders, where x = 0-0.20. Based
on the table, the lattice parameters were increased because of the lattice expansion, and the
peak position moved slightly to the left. BSCF and BSZF have axis lengths of 3.9554 and
3.9778 Å, respectively. This finding was primarily credited to the higher ionic radius of
doped Zn of 0.74 Å than Co by 0.53–0.65 Å and Fe by 0.55–0.78 Å [49]. This situation
agreed that Zn has a larger ionic radius than Co and Fe also, it proves on the lattice expansion
to some extent. Subsequently, as Zn doping content increased, so did the average a-axis
length of cubic cells.
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Table 2. Lattice parameter of Ba0.5Sr0.5Co0.2-xZnxFe0.8O3-δ powders, (x = 0-0.20)
[49].
Material

Composition

BSCF
BSZF
BSCZF05
BSCZF10
BSCZF15

Ba0.5Sr0.5Co0.2Fe0.8
Ba0.5Sr0.5Zn0.2Co0.8
Ba0.5Sr0.5Co0.15Zn0.05Fe0.8
Ba0.5Sr0.5Co0.10Zn0.10Fe0.8
Ba0.5Sr0.5Co0.05Zn0.15Fe0.8

Main peak
position
31.973
31.787
31.904
31.889
31.853

Average
a-axis (Å)
3.9554
3.9778
3.9626
3.9654
3.9696

Cell volume
(Å3)
61.8830
62.9403
62.2215
62.3535
62.5517

Zeng et al. (2020) studied BSCF-GDC and BSCFZ-GDC to assess the chemical
compatibility of cathode material with the GDC buffer layer. A composite mixture of 50:50
ratio for each cathode composite was calcined for 6 hours at 1050 °C under ambient air. The
composite powder was then subjected to XRD examination. Based on Figure 7, the XRD
result indicates that each phase of BSCF, BSCFZ and GDC appear at peaks without the
formation of impurities. Therefore, the materials have good chemical compatibility with one
another even when under an operating temperature of above 700 °C [34].

Figure 7. The patterns of XRD for (a) BSCF, GDC and BSCF+GDC powder, (b)
BSCFZ, GDC and BSCFZ+GDC composite powder fired in air for 6 hours at 1050 °C
[34].
Figure 8 displays the cross-sectional view of the BSCF, BSZF and BSCZF05 cathode
layer [49]. Both samples were subjected to different sintering temperatures. All samples fired
at 950 °C display an open structure for gas diffusions [50-51]. Once the temperature
increased to 1000 °C, the BSCF cathode developed a denser layer with no detection of pores,
while BSZF and BSCZF05 cathode maintained their open-pore structure. As the sintering
temperature rises, the open-pore structure benefits gas diffusion and is necessary for oxygen
transport [50-52]. Cobalt-based composites experience high thermal expansion. As reported
by Park (2011), Zinc’s constant oxidation state can undergo structural changes, such as
agglomeration. Hence, the presence of Zinc in cobalt-containing perovskite can suppress the
side effect of the sintering process. Zeng et al. (2020) also reported that the GDC buffer layer
and porous BSCFZ cathode are nicely joined without delamination. The porous structure of
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the cathode would improve cell performance by facilitating oxygen transportation and
increasing active sites for ORR [34].

Figure 8. SEM images of BSCF, BSZF and BSCZF05 cathode layer after sintering
process at (a) 950 and (b) 1,000 °C [34].
Long-term operation of SOFCs is jeopardised by mismatch in thermal expansion
behaviour between the electrode and electrolyte, which may result in cracking and
delamination of the components, as well as a reduction in overall cell performance. It has
been claimed that the TEC value for a Co-rich perovskite material regularly reaches 20-30 x
10-6 K-1 [53]. However, Park (2011) reported that Zinc's constant oxidation state may be able
to prevent structural changes such as thermal expansion from occurring. Thus, zinc doping
seems to inhibit the sintering of cobalt-containing perovskites in the cathode layer. Figure 9
illustrates the H2-TPR result curves for BSCF and BSCZF05 sintered at 950 °C and 1000 °C.
Refer to the graph, the first peak corresponds to a reduction of Co4+ to Co3+ [50]. When
comparing the intensity of this peak at 950 °C to that of the peak at 1000 °C, it was
discovered that when the sintering temperature ascended, BSCF's first peak's intensity
declined substantially, and BSCZF05's intensity dropped just slightly. The reduced stability
of Co4+ ions has been shown to result in a greater oxygen conductivity at low temperatures
[50].
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Figure 9. H2-TPR result curves for BSCF and BSCZF05 sintered at 950 and 1000 °C
[50].
Anode-supported single cells were examined with the electrochemical impedance
spectra (EIS) testing at temperatures 750, 700, and 650 °C to determine the performance of
the BSCF cathode composite under the influence of the Zn-doping element. Figure 10(a)
shows the equivalent circuit used to fit the Nyquist plot and obtain the impedance results [34].
Figure 10(b) shows the polarization resistance (Rp) value of BSCF and BSCFZ cathodes
against the operating temperature. The polarisation resistance (Rp) in a single cell is mainly
ascribed as cathode polarisation because, generally, anode polarization is considered minor
[34]. Figure 10(b) shows that the Rp value for both cells decrease with the operating
temperature increase. The Zn-doping (BSCFZ) composite cathode remarkably decreased Rp,
indicating that the O2- transfer, oxygen reduction and diffusion processes were elevated
because, at the BSCFZ cathode, there is increasing in oxygen vacancy concentration and
ORR activity.
Figure 11 displays the single cells impedance spectra results for 11(a) BSCF and 11(b)
BSCFZ cathode at operating temperatures of 650, 700 and 750 °C. The curve represented in
the impedance spectra is R1 and R2, where R1 (high-frequency arc) is the charge transfer
resistance associated with oxygen-ion (O2-) and the charge transfer at the electrode and
electrode/electrolyte interface. R2 (low-frequency arc) is the resistance of the oxygen surface
exchange and diffusion process associated with the concentration of oxygen vacancy and the
microstructure of the electrode [34, 51]. Based on Figure 11(b), the R1 curve is reduced with
increasing temperature, showing that Zn-doping improved O2- transfer in BSCF-based
cathodes. Meanwhile, the R2 curve dominates in this fitted impedance spectra result.
Therefore, the properties of single cells can be improved by optimizing the microstructure of
electrodes to allow mass transport cation [34]. This supports the morphology theory that a
porous state in the cell sample can help the ORR catalytic activity.
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Figure 10. (a) Equivalent circuit and (b) summarized Rp value for BSCF and BSCFZ
[34].

Figure 11. Single cells impedance spectra results at operational temperature 650, 700
and 750 °C for (a) BSCF and (b) BSCFZ cathodes [34].
A single cell of BSCF and BSCFZ cathodes was tested for stability for 140 hours at
temperature 750 °C with 0.7 V of voltage level. Figure 12 depicts the effect of run time on
the current density of a single cell. The results show that the cell current density of the
BSCFZ cathode was almost barely changed, except for a modest increment in the first
hundreds of hours because of the cathode activation process with increased temperature [34,
50]. The cell with a BSCF cathode was observed, and the current density decreased at 750 °C
after 140 hours. The result indicates that the cell has been improved, and BSCFZ cubic
perovskite structure has improved phase stability [34].
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Figure 12. Trend of current density for single cells with BSCF and BSCFZ cathode at
750 °C [34].
Based on the investigation by Park et al. (2011), the BSCZF05 sample is more
dominant in decreasing interfacial resistance with increasing sintering temperature. This
situation is related to the strong adhesion between the electrode and electrolyte particle, thus
reducing the interfacial resistance. Figure 13 displays the BSCZF05-SDC 30 wt% composite
cathode impedance spectra that are sintered at 1000 °C. At operating temperatures of 700,
650 and 600 °C, the Rp values recorded were 0.09, 0.32 and 0.44 Ωcm2, respectively. These
recorded values surpass other composite cathodes such as LSCF-GDC with Rp value 0.6
Ωcm2 at 590 °C [50].

Figure 13. The BSCZF05-SDC 30 wt% composite cathode impedance spectra plot at
temperature 550 °C – 800 °C [50].
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Conclusion
This paper reviews recent results on substituting niobium (Nb) and Zinc (Zn) as
doping materials for BSCF-based cathode. The influence of transition element substitution on
the B-site of BSCF-based cathode material for IT-SOFC was discussed. The results showed
by Nb and Zn doping with BSCF-based cathode indicated that both outcomes improved the
physical, chemical, thermal and electrochemical properties of the cathode cell. It also helps
balance the chemical stability and increase the ORR catalytic activity.
In addition, this work concludes that there are still many works that can be done to
investigate how much doping from transition metal element group can contribute as the
catalyst on BSCF-based cathode material. The theory on substitution elements at the B-site of
BSCF-based cathode clearly shows an improvement in cell performance properties.
Extensive research is still required to investigate the contribution of transition metal element
doping to the BSCF-based cathode or other perovskite materials.
The results of this work may help determine the optimum parameter for IT-SOFC and
provide beneficial results on the material properties, such as improvement on the
conductivity, catalytic activity, chemical, thermal and physical properties. Furthermore, the
development of cathode material for IT-SOFC can enable the limitation faced by the SOFC at
high temperatures and improve SOFC commercialization. The results of this review can be
beneficial and informative to accomplish these goals.
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