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Novel twin-perovskite nanocomposite of Ba–Ce–Fe–Co–O as a promising 
triple conducting cathode material for protonic ceramic fuel cells 
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Kyle S. Brinkman, Jianhua (Joshua) Tong * 
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H I G H L I G H T S  

� A twin-phase perovskite nanocomposite was synthesized by one-pot synthesis. 
� The nanocomposite consists of cubic and orthorhombic perovskite phases. 
� The nanocomposite has triple conductivity of proton, oxygen ion, and electron. 
� The nanocomposite cathode showed promising oxygen reduction reaction performance. 

A B S T R A C T   

A stable twin-perovskite nanocomposite of Ba–Ce–Fe–Co–O was synthesized by a one-pot Pechini synthesis method. This discovery has opened a new avenue in the 
development of high-performance cathodes for protonic ceramic fuel cells (PCFCs). The symmetrical cells showed relatively low cathode area-specific resistance 
compared with existing the state-of-the-art PCFC cathodes. The single cells demonstrated a low polarization resistance of 0.075 Ω cm2 and a high peak power density 
of 335 mW cm2 at 700 �C under an Air/H2 gradient.   

1. Introduction 

In recent years, intermediate-temperature (300–700 �C) protonic 
ceramic fuel cells (PCFCs) have demonstrated outstanding performance 
[1–5] after the discovery of stable and highly conductive electrolyte and 
the invention of the single cells fabrication technologies at moderate 
firing temperatures. However, the slow intermediate-temperature oxy-
gen reduction reaction (ORR) kinetics of the current generation of PCFC 
cathodes has presented the most significant challenges for further 
improvement of the PCFC performance [6]. 

Mixed ionic and electronic conducting (MIEC) perovskite oxides 
were initially studied as cathodes for intermediate-temperature PCFCs 
because of their well-demonstrated ORR performance for the conven-
tional oxygen ion-conducting solid oxide fuel cells (SOFCs) [7,8]. 
Although decent ORR activities were obtained in PCFCs, the 
area-specific resistances (ASRs) of the MIEC cathodes were usually much 
higher than those working on oxygen ion-conducting SOFCs. Because 
the involvement of water formation and diffusion in addition to oxygen 
diffusion and reduction on PCFC cathodes require the triple conduction 
of oxygen ions, protons, and electrons in order to achieve the best 

performance [9,10]. The insufficient proton conductivity of the MIEC 
cathodes makes them intrinsically deficient materials for PCFC cath-
odes. The mixed protonic and electronic conducting oxides also didn’t 
show promising PCFC cathode performance due to inadequate oxygen 
ion conductivity [11]. Alternatively, the microcomposite cathodes 
(Fig. 1a) comprised of protonic conducting (PC) phase and MIEC phase 
commonly prepared by mechanically mixing crystallized powders can 
garner the triple conductivity (O2� /Hþ/e� ), which significantly 
improved the PCFC cathode performance [12]. However, the mechani-
cal mixing method usually results in the microsized PC and MIEC phases 
[13]. The corresponding long (O2� /Hþ/e� ) transport paths, low area of 
active interfaces, and poor two-phase percolation in the microcomposite 
cathodes inevitably make it difficult to improve the cathode perfor-
mance further. Also, the microcomposite cathodes prepared by the 
mechanical mixing method usually are not under thermodynamic 
equilibrium, which drives the sluggish solid-state reaction to form new 
interface impurities, emergent phase [14] or slow adjustment of phase 
composition resulting in ORR performance degradation. The infiltration 
is another promising method to further improve the performance of 
cathodes [15,16]. Interfaces between the infiltrated phase and electrode 
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scaffold were significantly modified by well contact. However, the 
coarsening, structure degradation and other problems are still chal-
lenges for application [17]. Laterly, a significant improvement of the 
PCFC ORR kinetics was obtained by the development of phase-pure 
triple conducting oxide cathodes through heavily doping PC perov-
skite oxides with transition metals such as Fe, Co, and Ni [2,18]. The 
discovery of the new triple conducting oxide cathode materials attracted 
increasing attention because the whole surface of the cathode is acti-
vated for ORR [9]. However, the confinement of multiple elements in 
one crystal structure (e.g., Ba, Co, Fe, Zr, Y in a cubic perovskite struc-
ture) significantly limited the further discovery of new triple conducting 
oxide cathode materials using the same doping strategy. Furthermore, 
fundamental physical constraints on the coexistence of proton and 
electron/oxygen ion conductivities is still a significant hinder for freely 
adjusting the triple conductivities in the phase-pure compound [19]. 

Most recently, a composite membrane with a nominal composition of 
BaCe0.5Fe0.5O3-δ was obtained by one-pot synthesis and was identified to 
comprise of PC phase of BaCe0.85Fe0.15O3-δ and MIEC phase of 
BaCe0.15Fe0.85O3-δ [20]. The high hydrogen permeability was achieved 
because of the coexistence of proton and electron conductivities in 
different phases. Motivated this work, by avoiding the weakness of the 
state-of-the-art PCFC cathodes, as shown in Fig. 1b, we designed and 
fabricated a twin-perovskite nanocomposite cathode (TPNCC) 
comprised of PC and MIEC nanophases. The TPNCCs have the potential 
to independently adjust the PC and MIEC phase composition for 
achieving the desired triple conductivities. Compared with micro-
composite cathodes, the TPNCCs have shorter transport paths for the 
charged species and higher active interface concentration between PC 
and MIEC phases [21]. Furthermore, the one-pot Pechini synthesis 
method was used to form stable well-percolated PC and MIEC nano-
composites, which can further garner the cathode stability and activity. 
In this work, the Ba–Ce–Fe–Co–O (BCFC) TPNCC, with a nominal 
composition of BaCe0.4Fe0.4Co0.2O3-δ, achieved PCFC cathode perfor-
mance comparable to the highest state-of-the-art ones, which success-
fully proved the designed TPNCC concept (Fig. 1b) for opening a new 
avenue toward to the high-performance PCFC cathodes. 

2. Experimental 

2.1. Chemicals 

Barium carbonate (BaCO3, 99.8%), barium nitrate (Ba 
(NO3)2,99þ%), cerium nitrate hexahydrate (Ce(NO3)3⋅6H2O, 99.5%), 
cobalt (II) nitrate hexahydrate (Co(NO3)3⋅6H2O, 98–102%), ethyl-
enediaminetetraacetic acid (EDTA, 99.4%), iron (III) nitrate 

nonahydrate (Fe(NO3)3⋅9H2O, 98þ%), cerium oxide (CeO2, 99.9%), 
nickel (II) oxide (NiO, Ni-base 78.5%), ytterbium (III) oxide (Yb2O3, 
99.9%), yttrium (III) oxide (Y2O3, 99.9%), zirconium (IV) oxide (ZrO2, 
99.7%), isopropanol (IPA, 70% v/v), and 1-butanol were purchased 
from Alfa Aesar. The starch (practical grade) was purchased from Sigma 
Aldrich. The alpha-terpineol (97þ%), and citric acid monohydrate 
(99.5%) were purchased from ACROS Organics. The ammonium hy-
droxide (NH3⋅H2O, 28–30% w/w) was purchased from LabChem. The V- 
600 was purchased from the Heraeus company. The solsperse 28000 was 
obtained as a sample from the Lubrizol company. All chemicals were 
used as received without further purification. 

2.2. Preparation of BaCe0.4Fe0.4Co0.2O3-δ (BCFC) precursor powder 

BCFC precursor powders were synthesized by a modified Pechini 
method. Stoichiometric amounts of Ba(NO3)2, Ce(NO3)3⋅6H2O, Fe 
(NO3)3⋅9H2O, Co(NO3)3⋅6H2O were dissolved into deionized water. 
EDTA and citric acid were added at a mole ratio of 1.5: 1.5: 1 for EDTA: 
citric acid: total metal ions under magnetic stirring condition. NH3⋅H2O 
was then added to dissolve salts totally by adjusting pH value around 10. 
The clear solute was heated to 80–90 �C to evaporate the water for 
forming a viscous gel. The gel was dried in a box oven at 150 �C for 48 h 
to form a dark charcoal-like primary powder, which was then fired at 
600 �C for 5 h followed by ball milling for 7 days in 1-butanol. The 
cathode precursor powders were obtained by solvent filtration followed 
by further drying at 500 �C for 5 h. The cathode precursor powders were 
further ball-milled in isopropanol for the preparation of cathode paste. 

2.3. Preparation of precursor powders of anodes and electrolytes 

Precursor powders of anodes and electrolytes were prepared by a 
mechanically mixing raw material powders by ball milling in iso-
propanol followed by oven drying. Using the electrolyte BaCe0.7Z-
r0.1Y0.1Yb0.1O3-δ (BCZYYb) þ 1 wt% NiO precursor powder as an 
example, the preparation can be described as follow. Proper amounts of 
BaCO3, CeO2, ZrO2, Y2O3, and Yb2O3 in stoichiometry ratio of BCZYYb 
and additional 1 wt% NiO as a sintering aid was ball-milled for 48 h with 
3 mm yttria-stabilized zirconia balls grinding media and isopropanol as 
grinding solvent. The slurry was then heated at 150 �C in a box oven for 
48 h to get fully dried. Anode BCZYYb þ65 wt% NiOþ 20 wt% starch 
was prepared by mixing with BaCO3, CeO2, ZrO2, Y2O3 Yb2O3, 65 wt% 
NiO and extra 20 wt% starch using the same procedure. 

Fig. 1. Schemes of preparation, phase structure, interface area, and reactions of (a) microcomposite cathodes and (b) twin-perovskite nanocomposite cathodes, 
respectively. PC: protonic conducting; MIEC: mixed ionic and electronic conducting. 
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2.4. Preparation of electrolyte and cathode precursor pastes 

Pastes of electrolyte and cathode precursors were prepared accord-
ing to the following procedure. The mixture consisting of precursor 
powder, dispersant (20 wt% solsperse 28000 in terpineol solution), and 
binder (5 wt% V-600 in terpineol solution) in a weight ratio of 15:3:1 
was mixed by manually grinding for 45 min in an agate mortar with an 
agate pestle. 

2.5. Preparation of BCFC pellets for composition identification 

The BCFC green pellets were prepared as the following procedure. 
BCFC precursor powders were firstly calcined at 900 �C for 5 h, then dry- 
pressed under 350 MPa for 120 s in circular carbon-aided steel die set, 
which have a diameter of 19 mm and a thickness of ~1 mm. Subse-
quently, the green pellets were sintered at 1200 �C for 12 h. 

2.6. Fabrication of symmetrical cells 

Symmetrical cells were fabricated in the electrode | electrolyte | 
electrode configuration. The BCZYYb electrolyte pellets were fabricated 
by the solid-state reactive sintering method described as follows. The 
BCZYYb þ 1 wt% NiO electrolyte precursor powders were pressed into 
green pellets under 350 MPa for 120 s in the circular carbon-aided steel 
die set. The green electrolyte pellets have a diameter of 19 mm and a 
thickness of ~2 mm. After sintering at 1450 �C for 18 h, the BCZYYb 
electrolyte pellets were obtained. After that, the cathode precursor paste 
was screen printed on both sides of the polished electrolyte pellets and 
then annealed at 800oC–950 �C for 5 h. Silver mesh and gold wire were 
attached to the electrode surfaces to work as current collectors and 
mechanical support lead wire. Ag paste was also applied as electrodes to 
make symmetrical cells for comparison. 

2.7. Fabrication of single cells 

The anode green pellets were obtained by dry-pressing under 
350 MPa for 120 s in circular carbon-aided steel die set, which has a 
diameter of 19 mm and a thickness of ~2 mm. Electrolyte layers were 
applied on both sides of green anode pellets by screen-printing method, 
followed by firing at 1450 �C for 18 h. Fired pellets were polished to 
remove extra electrolyte layer and were screen-printed with BCFC paste 
(~20 μm) of 12 mm in diameter on the electrolyte layer. Subsequently, 
the whole structure was fired at 900 �C for 5 h. Single cells in porous 
anode | dense electrolyte | porous cathode structures were obtained. 
Silver mesh and gold wire worked as current collectors, attached to the 
electrode surfaces using silver paste. 

2.8. Characterization 

Microstructures were characterized by scanning electron microscopy 
(SEM) of a Hitachi S-4800 microscope. A Rigaku Ultima IV diffractom-
eter using monochromatic Cu Kα radiation was utilized to record the 
powder X-ray diffraction (XRD) patterns. The phase structure was 
further investigated by high-resolution transmission electron micro-
scopy (HRTEM) of a Hitachi H-9600 microscope. And the element 
composition was detected by the Energy Dispersive X-Ray Spectroscopy 
(EDX) (Oxford) component on S-4800. 

Symmetrical cells were measured by a Gamry Reference 600 Plus 
Potentiostat electrochemical impedance spectra (EIS) over a range of 
temperatures 300oC–700 �C under wet flowing air (through room- 
temperature water bubbler, 50 mL min� 1), using a signal amplitude of 
10 mV in the frequency range of 0.01 Hz–5 MHz. The results obtained 
from EIS were further analyzed with ZView software. The single-cell 
performance was taken by a Gamry Reference 3000 with cyclic vol-
tammetry, Potentiostat EIS, and open-circuit voltages (OCVs). 

3. Results and discussion 

The BCFC powders were synthesized by a one-pot Pechini method, 
and XRD was employed to study the phase composition of BCFC powders 
with different calcination temperatures. Fig. S1 shows that, before the 
calcination, the precursor powder pretreated at 500 �C mostly consists of 
BaCO3 and amorphous phases. All the calcined specimens exhibit almost 
identical XRD patterns except for the minor carbonate impurity and 
amorphous impurity in the sample calcined at 800 �C. These XRD pat-
terns can be reasonably indexed as two distinct perovskite phases. The 
Rietveld refinement analysis of the XRD patterns (Fig. S2) of the BCFC 
sample calcined at 900 �C indicates that the BCFC composite consists of 
a cubic perovskite (Pm3m) phase and an orthorhombic perovskite 
(Pbnm) phase with a ratio of about 4:1. The lattice parameters of the two 
phases obtained by the same refinement procedures for the specimens 
calcined at temperatures of 800oC–950 �C are shown in Table S1. It re-
veals that the lattice parameters are independent of the calcination 
temperature. Furthermore, the HRTEM was used to identify the 
morphology and crystal structures of the BCFC powders. Fig. 2a in-
dicates that the nanograins are interlocked into a nanocomposite 
framework. The selected area electron diffraction (SAED) pattern 
(Fig. 2b) obtained from this region displays the polycrystalline diffrac-
tion rings of the BCFC composite, which is further converted into the 
intensity profile displayed as a radial average shown in Fig. 2c. It is 
evident that all SAED peaks are consistent with those acquired from XRD 
and indicate a clear separation between the cubic (110) and ortho-
rhombic (112) reflections, confirming the successful fabrication of the 
TPNCs. Furthermore, the HRTEM image taken from two overlapped 
grains (Fig. 2d) reveals the atomic structures of the two perovskite 
phases, in which the cubic (110) lattice distance of 0.288 nm and the 
orthorhombic (112) lattice distance of 0.307 nm are clearly resolved. 
The enlarged HRTEM images of both phases and the corresponding fast 
Fourier transform (FFT) patterns are displayed in Fig. 2f-i, respectively. 
By applying FFT filters on the characteristic reciprocal reflections and 
coding with pseudo colors, the cubic BCFC grain (shown in purple) and 
the orthorhombic BCFC grain (shown in green) can be visually identified 
separately, as illustrated in Fig. 2e. Overall, the TEM characterization 
elucidates that the TPNCCs composed of cubic and orthorhombic grains 
are uniformly distributed in the fabricated specimen, while the nano- 
grains of these two phases are locally coupled together in the close vi-
cinity to each other. 

It is a problematic process to quantify the elemental composition of 
each phase in the intergrown nanograins shown in Fig. 2 limited by the 
resolution of the EDX. Moreover, the porous structure is not suitable for 
the mapping detection due to the geometry effect on accuracy. In order 
to get a rough idea about the elemental composition of each phase in the 
BCFC nanocomposite, the large-grain composite BCFC pellets were 
prepared at 1200oC for 12h and occupied for both point and mapping 
quantifications. The area and positions used for analysis were shown in 
Fig. S3 and the average amount of each element in different phases were 
presented in Table 1. Based on this result, the element amount of the 
large-area composite was similar to the theoretical amount we designed, 
considering the accuracy of EDX quantification. However, for each 
perovskite phase, the pellet was sintered at 1200 �C which is much 
higher than the calcination temperature of the cathode layer. The 
element composition may change due to the temperature increasing. 
Only the tendency could be concluded from this result that the ortho-
rhombic is a Ce-rich phase and the cubic phase is a Fe-rich phase. 

Typically, the PCFC cathode performance is strongly dependent on 
the cathode morphologies governed by the cathode preparation tem-
peratures. Symmetrical cells of BCFC | BCZYYb | BCFC were prepared at 
temperatures from 800 to 950 �C to optimize the morphology for 
achieving the best cathode ASRs. The ASRs of the symmetrical cells were 
measured using EIS at different temperatures from 300 �C to 700 �C, 
which are displayed in Fig. S4. Obviously, these four specimens could be 
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classified into two groups: the samples calcined at 800oC–900 �C (group 
1) and the samples calcined at 950 �C (group 2). For group 1, the ASRs 
decreased gradually with increasing the calcination temperature. By 
further increasing the calcination temperature to 950 �C, larger ASRs 
were obtained in most of the test temperature range compared with the 
other three samples. Based on the activation energy calculated from ASR 
plots, the ASR plots could be separated into a high-temperature range 
(450–700 �C) and a low-temperature range (300–450 �C). For group 1, 
the activation energies in the high-temperature range increased with 
increasing the calcination temperature. The absolute activation energy 
values of 0.71–0.84 eV are comparable or even lower than the phase- 
pure triple conducting oxide cathodes, while the group 2 displayed a 
higher value of 1.46 eV. In the low-temperature range, the samples in 
group 1 exhibited higher activation energies around 1.37–1.46 eV, 
which might result from the insufficiently activated grain boundary 
conduction and the oxygen-ion conductivity causing a blockage of 
conducting pathways inside the cathode. Similarly, the group 2 dis-
played activation energy of only 0.98 eV. Overall, the cathode prepared 
at 900 �C exhibited the lowest ASRs at the studied temperature range. 
Fig. S5 provides the SEM images of these four BCFC cathodes made at 
800–950 �C. The samples in group 1 are all comprised of nanosized 
grains, while the one made at 950 �C shows obviously larger grain size, 
which may contribute to the abnormal phenomenon discussed above. 

The detailed observation indicates that the sample calcined at 900 �C 
has a better inter-grain connection than the other three samples, which 
garnered the better percolation of the twin-perovskite phase, the pre-
requisite of the excellent ORR performance. 

The performance of the BCFC cathode prepared at 900 �C was further 
tested in the anode supported PCFC single cells under the H2/Air 
gradient. Fig. 3a provides the I–V and I–P curves of the single-cell at 
600 �C–700 �C under the H2/air gradient. The open-circuit voltages 
(OCVs) of the single cells are 1.036 V, 1.070 V, and 1.097 V at 700 �C, 
650 �C, and 600 �C, respectively, which are close the theoretical OCV 
values at these temperatures, indicating the good single cell sealing and 
negligible electrolyte electronic leak. Consistent with most of the other 
PCFCs, the power density of our BCFC cathode based single cells 
monotonically increases with increasing the temperature. The peak 
power densities are 335, 287 and 237 mW cm2 at 700 �C, 650 �C, and 
600 �C respectively. The corresponding current densities are 
612 mA cm� 2, 507 mA cm� 2, and 421 mA cm� 2, respectively. Fig. S6a 
presents the EIS spectra recorded on BCFC cathode based single cells at 
different temperatures. All spectra were fitted with the equivalent cir-
cuit (inset in Fig. S6b) by ZView software. The total single-cell ASR (RT), 
the ohmic ASR (RO), and the polarization ASR (RP) are plotted in Fig. 3b 
as a function of the temperature. With increasing the temperature from 
600 �C to 700 �C, both the RO and RP decreased obviously, in which RP 
decreased from 0.263 Ω cm2 to 0.075 Ω cm2, and the RO decreased from 
0.92 Ω cm2 to 0.65 Ω cm2. Based on the electrolyte thickness of 70 μm, 
the conductivities of the electrolyte layer are 0.0154 S cm� 1, 
0.0176 S cm� 1 and 0.0219 S cm� 1 at 600 �C, 650 �C and 700 �C, 
respectively, which are close to the values at corresponding tempera-
tures (0.0140 S cm� 1, 0.0189 S cm� 1 and 0.0258 S cm� 1) for the 
BCZYYb pellets synthesized by solid state reactive sintering method. 
Thus, it is reasonable to conclude that large ohmic resistance was related 
to the big thickness of the electrolyte layer. Furthermore, the RP only 
occupies 10–20% of the total ASR of the single cells, which means that 
the RO is responsible for the main resistance during the operation due to 

Fig. 2. Structure characterization of BCFC prepared at 900 �C: (a) TEM image and (b) selected-area electron diffraction (SAED) pattern of as-prepared BCFC 
nanocomposites. (c) radially averaged intensity profile of the SAED shown in (b) as compared to the XRD pattern to indicate the coexistence of cubic and ortho-
rhombic perovskite phases. (d) the HRTEM image of BCFC nanocomposite grains in cubic and orthorhombic perovskite phases. (e) FFT-filtered HRTEM image 
obtained from (d) to show the overlap of cubic perovskite (purple) and orthorhombic perovskite (green) grains outlined by the dashed lines. (f) enlarged HRTEM 
image and (g) the corresponding FFT reflections of the cubic BCFC grain in (d). (h) enlarged HRTEM image and (i) the corresponding FFT reflections of the 
orthorhombic BCFC grain in (d). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 
Element molar percentage for BCFC pellet sintered at 1200 �C (Normalized 
numbers based on Ba amount were shown in brackets).  

Phase Ba Ce Fe Co 

Large Area 
Composite 

51.28% 
(1.00) 

18.97% 
(0.37) 

20.00% 
(0.39) 

9.75% 
(0.19) 

Orthorhombic 
Perovskite 

51.55% 
(1.00) 

30.41% 
(0.59) 

11.86% 
(0.23) 

6.18% 
(0.12) 

Cubic Perovskite 51.02% 
(1.00) 

12.76% 
(0.25) 

24.49% 
(0.48) 

11.73% 
(0.23)  
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~70 μm of thickness, and there is still more space to improve the single 
performance in the future. Furthermore, it should be mentioned the RP 
values reported here are the sums of both anode and cathode, which 
means that the ASRs of our BCFC TPNCC should be smaller than the 
0.075 Ω cm2 and 0.263 Ω cm2 at 700 �C and 600 �C respectively. 
Fig. 3c&d shows the morphology of the cross-section images of single 
cells after the performance test at temperatures from 600 to 700 �C. It is 
clear that the adherence between BCFC cathode and BCZYYb electrolyte 
is still firm, and the morphology of the BCFC is still the same as the as- 
fabricated BCFC cathode. 

The performance of our BCFC TPNCC was compared with the state- 
of-the-art PCFC cathode based on the symmetrical cell ASRs measured 
by EIS under wet flowing air. Fig. 4 summarized the ASRs of more than 
50 state-of-the-art PCFC cathodes, including MIEC, mixed protonic and 
electronic conducting, microcomposite, triple conducting oxide cath-
odes. Obviously, our twin-perovskite nanocomposite cathode of BCFC 
shows relative lower ASR values for 400–700 �C than most of the listed 
cathodes, the superior PCFC cathode performance. It should be noted 
that the ASR values in Fig. 4 were obtained from different electrolytes. 
Only the tendency is meaningful rather than the exact values [22]. The 
stability of our BCFC TPNCC was further studied by monitoring the ASR 
of symmetrical cells at 700 �C in air. Fig. S7 indicates that the ASR does 
not show noticeable degradation within 50 h, which preliminarily 
proves that our new BCFC TPNCC is relatively stable. Considering the 
highest operating temperature for intermediate-temperature PCFC is not 
higher than 650 �C, the newly developed BCFC TPNCC should be a stable 
cathode for intermediate-temperature PCFCs. 

Fig. 3. BCFC cathode calcined at 900 �C: (a) I–V and I–P curves of single-cell measured under a dry hydrogen atmosphere at different temperatures. (b) the po-
larization resistances, ohmic resistances, and total resistances determined from the EIS. (c) the cross-sectional morphology of a PCFC single cell after testing. (d) the 
cross-sectional view of the BCFC cathode. 

Fig. 4. ASR values of representative cathodes tested as symmetric cell forma-
tion under wet air atmosphere. (The whole list of cathode materials can be 
found in Table S1). 
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4. Conclusions 

In this work, a tripe conducting (O2� /Hþ/e� ) twin-perovskite 
nanocomposite cathode (TPNCC) based on a nominal composition of 
BaCe0.4Fe0.4Co0.2O3-δ was designed and fabricated by the one-pot 
Pechini synthesis method. XRD, SEM, and HRTEM confirmed the for-
mation of the nanocomposites comprised of cubic perovskite phase and 
orthorhombic perovskite phase. The interlocked perovskite nanograins 
make it not trivial for the identification of the actual compositions of 
each perovskite phase, which in fact, is under investigation in our lab-
oratory. The testing of PCFC symmetrical cells demonstrated that BCFC 
TPNCC has a relatively lower ASR of 0.075 Ω cm2 at 700 �C compared 
with most of the state-of-the-art PCFC cathodes. The PCFC single-cell 
testing achieved peak power densities of 335, 287, and 237 mW cm2 

at 700, 650, and 600 �C, respectively, which can be further improved by 
optimizing the electrolyte since the total electron polarization contri-
bution the single-cell resistance is only 10–20%. These results indicated 
that the TPNCCs have the great potential to open a new avenue toward 
to the high-performance PCFC cathodes. The stable twin-perovskite 
nanocomposites with independently adjustable conductivity in each 
individual phase can provide new candidate materials for energy con-
version and storage technologies. 
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