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Abstract. A nanocomposite, containing gadolinium-doped ceria (GDC, Ce0.85Gd0.15O1.925) and 10 mol% gadoliniumdoped barium cerate (BGC, BaCe0.85Gd0.15O2.925), was developed as an electrolyte material for intermediate temperaturesolid oxide fuel cell. The composite powder was synthesized through an auto-combustion process that yielded the desired
phases right after combustion. The powder was characterized using X-ray diffraction, particle size analysis, Brunauer–
Emmett–Teller surface area analysis and transmission electron microscopy. The electrical properties of the composite
electrolyte were characterized by electrochemical impedance spectroscopy under air as a function of temperature. The
effect of second phase on total conductivity and activation energy of the composite material was compared with that of
GDC of similar composition. For this, GDC (Ce0.85Gd0.15O1.925) powder was produced using a similar processing
technique. The microstructural characterization of GDC and GDC–10BGC composite materials was studied through
scanning electron microscopy. The electrochemical properties of planar cell, using GDC–10BGC as electrolyte and
employing Ni–(GDC–10BGC) and La0.6Sr0.4Co0.2Fe0.8O3-d-based anode and cathode materials, were investigated.
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Introduction

As compared to conventional energy technologies, solid oxide
fuel cells (SOFCs) are energy efficient and environment
friendly when the origin of fuels (i.e., H2 or CH4) is from
renewable energies. Primarily, SOFCs operate in the temperature range of 800–1000°C. Due to the excellent fuel efficiency
and fuel flexibility, high-temperature SOFCs are mostly used in
the stationary power generation. Operating temperature is the
biggest advantage of SOFCs as the internal reforming reaction
can be achieved inside the cell and hence the additional cost of
the external reformer is reduced [1–4]. Presently, an enormous
amount of research is focused on intermediate temperaturesolid oxide fuel cell (IT-SOFC). They have numerous positive
aspects, such as a wider material choice, lower thermal stress
and higher material durability than high-temperature SOFCs.
The key components of SOFC are porous electrodes and dense
solid electrolyte [5]. Electrolytes play a vital role in achieving
favourable ionic conductivity over a wide range of temperatures. 8 mol% yttria-stabilized zirconia (8YSZ) is the state-ofthe-art electrolyte material for high-temperature SOFC that
operates in the temperature range of 800–1000°C. In
addition, doped ceria-based electrolyte materials, such as

gadolinium-doped ceria (GDC) or samarium-doped ceria,
exhibit higher ionic conductivity than 8YSZ in the temperature
range of 600–750°C [6]. However, the functional limitation of
doped ceria-based electrolytes is that they exhibit appreciable
electronic conductivity at higher temperature (C800°C) and
low partial pressure of oxygen at anode side that dictates the
operating temperature of the fuel cells [7–11].
Introduction of composite electrolyte material provides a
new platform in the era of SOFC to achieve favourable ionic
conductivity and simultaneously reduce electronic conductivity at the operating temperature. Composite electrolytes in
the intermediate temperature range (600–800°C) comprise
two phases, one of which exhibits oxygen ionic conduction
and the other phase provides protonic conduction. Barium
cerate-based oxides are well-known proton conductors that
have been applied as proton conducting electrolytes in SOFC
[12–17]. Double doping in the ceria system has a marked
effect on its structure and electrical properties. Doping of
aliovalent cations (e.g., Gd3? and Sm3?) in CeO2 results in the
formation of oxygen ion vacancies, whereas introduction of
Ba in GDC results in the formation of doped (Gd3?) barium
cerate phase that is responsible for proton conductivity in the
material. In this doubly doped composite electrolyte, both the
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charge carriers [oxygen ion (O2-) and proton (H?)] contribute
to the total conductivity of the material.
The schematic block diagram, exhibiting ion-transport
phenomena in SOFC employing a composite electrolyte, is
shown in figure 1. There have been several previous attempts
to develop composite electrolyte materials based on oxygen
ion and proton conductor phases for application as electrolyte
in IT-SOFC [18–20]. It was observed that doped ceria- and
doped cerate-based composite materials were potentially
suitable for application as electrolyte in SOFC, wherein the
contribution of protonic conductivity was significant in the
total conductivity of the electrolyte. Composite electrolytes
diminish the electronic conductivity associated with singledoped ceria-based system and thereby enhance the efficiency
of the cell. In our previous study, composite electrolytes based
on GDC (Ce0.85Gd0.15O2-d) and x mol% gadolinium-doped
strontium cerate (SrCe0.85Gd0.15O3-d) (x = 10, 15 and 20) were
developed for IT-SOFC and it was observed that the composite
electrolyte materials exhibited better conductivity properties
than GDC-based electrolyte materials [21]. In the present
investigation, a novel process has been developed to produce
in situ nanocomposite electrolyte material comprising GDC
(Ce0.85Gd0.15O1.925) and 10 mol% gadolinium-doped barium
cerate (BGC, BaCe0.85Gd0.15O2.925) phases. The nanocomposite material has been extensively characterized and its
electrical properties have been evaluated and compared with
those of the pure GDC phase. The electrochemical performance of planar fuel cell using GDC–10 mol% BGC composite electrolyte (GDC–10BGC) was also investigated.

Figure 1.

2.
2.1
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Materials and methods
Materials

The composite electrolyte powder, having a nominal composition of GDC (GDC15, Ce0.85Gd0.15O1.925) containing
10 mol% BGC (BaCe0.85Gd0.15O2.925), was prepared through
the glycine-nitrate combustion process. For the synthesis of
the powder, Gd(NO3)36H2O (99.9% purity, IRE Ltd., India),
Ce(NO3)36H2O (LR grade, 99.9% purity, Prabhat Chemicals, India), Ba(NO3)2 (AR grade, 99.5% purity, SD Fine
Chem. Ltd., India) and glycine (LR grade, 99% purity, SD
Fine Chem. Ltd., India) were employed as starting raw
materials. The dehydration of the mixed solution led to autocombustion reaction resulting in the production of white
powder. To compare the effect of the second phase (BGC) on
the functional properties of composite electrolyte, pure GDC
powder of similar composition (GDC15, Ce0.85Gd0.15O1.925)
was also prepared utilizing the same process starting from
nitrate solutions of cerium and gadolinium.

2.2

Characterization of powders

The powders obtained after combustion reaction were
characterized by X-ray diffraction (XRD, Panalytical,
Xpert-3) for phase analysis. Standard silicon sample supplied by the manufacturer was employed as the internal
standard for calibration. The XRD patterns were recorded at
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a scan rate of 0.013° s-1 using CuKa radiation. The lattice
parameters of GDC15 and GDC–10BGC composite powders were determined using Rietveld refinement on XRD
data. Rietveld analysis was performed using Fullprof program incorporated in the WinPLOTR software package [22].
The crystal structure of phase(s) present in the powder could
be visualized through Vesta software [23] utilizing the
structural information obtained through Rietveld refinement.
The average crystallite sizes of GDC15 and GDC–10BGC
powders produced in the present investigation were determined
from the X-ray line broadening using Scherrer’s formula [24]:
s¼

0:9k
;
b cos h

ð1Þ

where s is the crystallite size, k is the wavelength of CuKa
X-ray radiation, b is the full width half maximum value (in
radians) and h is the Bragg angle (in degrees).
Transmission electron microscopy (TEM) was performed
on as-synthesized GDC–10BGC powder for evaluation of
crystallite size, particle morphology and inter-planar spacing of different phases present in the structure. The sample
for the TEM analysis was prepared by ultrasonic dispersion
of a small quantity of powder in isopropyl alcohol followed
by the application of dispersed solution on carbon-coated
copper grid. The grid, after drying under IR lamp, was
loaded in the TEM (FEI TEM, Tecnai G2).
The particle size distributions of GDC15 and GDC–
10BGC composite powders were characterized using a
particle size analyser (PSA) (Zetasizer Nano ZS90).
Specific surface area of the as-synthesized GDC–10BGC
composite electrolyte powder was examined by employing
the Brunauer–Emmett–Teller (BET) technique (Sorptomatic 1990). Assuming that the powder is composed of
particles having spherical shape, the average crystallite size
of the powder can be calculated from specific surface area
data utilizing the following formula:
d¼

6000
;
qS

ð2Þ

where d is the average crystallite size (in nm), q is the
theoretical density (T.D.; in g cm-3) and S is the specific
surface area (in m2 g-1) of the sample. T.D. of GDC–
10BGC composite electrolyte powder was 7.05 g cm-3.

2.3

Figure 2. Rietveld refinement on the XRD pattern of GDC15
powder produced through combustion reaction. The calculated and
observed patterns are shown in the top by the solid line and the
dots, respectively. The vertical marks in the middle show positions
calculated for Bragg reflection. The trace in the bottom is a plot of
the difference: observed minus calculated. The inset shows the
crystal structure of GDC derived from structural parameters
derived through Rietveld refinement.

electron microscopy (SEM, Zeiss Evo-40). The grain sizes
of the sintered specimens were measured from the SEM
photomicrographs utilizing Image-J software.

2.4

Electrical characterization

For electrical characterization, platinum coating was
applied on both sides of sintered pellets. Platinum-coated
pellets were fired at 950°C for 1 h. The electrical properties
of the pure and composite electrolyte specimens were carried out using an impedance analyser (Solartron, Model
1260A) under air in the temperature range of 300–800°C
with a frequency range 0.1–105 Hz. Z-view software was
used to analyse the impedance data for all samples. The
impedance data were collected during cooling in steps of
50 K. The activation energy for conduction for a given
temperature range was evaluated using Arrhenius equation:


r0
Ea
r ¼ exp 
;
ð3Þ
T
kT

Consolidation

Green pellets of GDC15 and GDC–10BGC powders were
prepared by uniaxial hydraulic pressing at 150 MPa using a
15 mm-diameter tungsten die. Stearic acid and alcohol were
used as lubricant and cleaning agent, respectively. GDC15
green pellet was sintered at 1350°C for 4 h, whereas GDC–
10BGC green pellets were sintered at 1550°C for 4 h. The
density of the sintered specimens was evaluated using
Archimedes principle. The microstructural characterization
of sintered specimens was carried out using scanning

where r is the total conductivity, r0 is the pre-exponential
factor, T is the temperature in Kelvin, k is the Boltzmann
constant and Ea is the activation energy required for the
conduction of ions through the electrolyte.
The electrochemical performance of GDC–10BGC-based
composite electrolyte was studied by employing electrolytesupported fuel cell concept utilizing Ni–(GDC–10BGC) and
La0.6Sr0.4Co0.2Fe0.8O3-d (LSCF) as anode and cathode
materials, respectively. For cathode material, commercial
LSCF powder (Fuel Cell Materials, Ohio, USA) was used.
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Structural parameters of GDC15 and GDC–10BGC powders along with those of GDC and BGC powders from the literature.
Lattice parameter (Å)
Composition

a

b

c

CD (Å3)

References

Ce0.85Gd0.15O1.925
Ce0.85Gd0.15O1.925
BaCe0.85Gd0.15O2.925
Ce0.85Gd0.15O1.925
BaCe0.9Gd0.1O2.95

5.4453(8)
5.42512(4)
8.7826(7)
5.430
8.7732(17)

5.4453(8)
5.42512(4)
6.2352(6)
5.430
6.2447(14)

5.4453(8)
5.42512(4)
6.2181(5)
5.430
6.2216(11)

161.46(4)
159.672(2)
340.52(5)
160.08
340.86

Present work
Present work

Powder
GDC15
GDC–10BGC
GDC15
BGC10

For preparing the anode powder, GDC–10BGC composite
electrolyte powder was mixed with NiO powder (Novamet,
USA; average particle size: 358 nm) (1:1 by wt.). Cathode
and anode inks were prepared utilizing terpineol as solvent.
Initially, anode ink was applied on one side electrolyte
material and fired at 1200°C for 2 h, followed by the application of cathode ink on the other side of electrolyte and final
firing was carried out at 1100°C for 1 h. The button cell was
sealed onto an alumina fuel cell test fixture using ceramic
cement (Ceramabond 552VFG, Aremco, USA). To complete
the cell, silver mesh/wire and silver paste were used for
current collection. The electrochemical characterization of
the button cell was conducted with humidified hydrogen (3%
H2O) as fuel and ambient air as oxidant. The current–voltage
(I–V) measurements were recorded at 700 and 750°C utilizing
a SOLARTRON electrochemical test station. A constant fuel
flow rate of 6 l h-1 was used during the measurements.

3.
3.1

Results
Phase analysis

Figure 2 shows the Rietveld refinement pattern of as-synthesized GDC15 powder. The tick marks below the patterns
represent the positions of all possible Bragg reflections. The
lower solid line represents the difference between the
observed and calculated intensities. The refined lattice
parameter and cell volume of GDC15 are given in table 1.
The quality of the agreement between observed and calculated profiles is evaluated by profile factor (Rp), weighted
profile factor (Rwp), expected weighted profile factor (Rexp)
and reduced chi-square (v2). The mathematical expressions
of the above parameters can be found elsewhere [25]. The
reliability parameters obtained through this refinement are
Rp: 3.11%; Rwp: 3.91%; Rexp: 3.93%; v2: 1.0. The values of
the reliability parameters guarantee the reliability of
refinements. The lattice parameter of GDC15 obtained after
Rietveld refinement [5.4453(8) Å] is in good agreement
with the reported value of fluorite phase of Ce0.85Gd0.15
O1.925 (ICDD PDF: 01-081-9326) [26]. The inset of figure 2
shows the fluorite structure of GDC derived from structural
parameters obtained through Rietveld refinement. The XRD
result suggests that the desired phase of GDC could be

[26]
[27]

Figure 3. Rietveld refinement on XRD pattern of GDC15–
10 mol% BGC composite powder produced through combustion
reaction. The calculated and observed patterns are shown in the top
by the solid line and the dots, respectively. The vertical marks in
the middle, blue and red, show positions calculated for Bragg
reflection for GDC and BGC phases, respectively. The trace in the
bottom is a plot of the difference: observed minus calculated.

Table 2. Average crystallite size of GDC–10BGC powder by
employing different characterization techniques.
Average crystallite size (nm)
Methods

GDC

BGC

XRD
BET
TEM

41
—
24.9

37.9
—
26.7

Overall
—
38.1
25.9

obtained right after the combustion reaction and it does not
call for any subsequent calcination step for phase formation.
Figure 3 shows Rietveld refinement pattern of as-synthesized GDC–10 mol% BGC composite powder produced
through combustion reaction. The pattern shows the peaks
corresponding to the GDC phase as well as that of the BGC
phase (ICDD PDF: 01-082-2373). The BGC phase was
found to crystallize with a space group of Pmcn (62). The
lattice parameter of the GDC phase in the composite
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Figure 4. TEM photomicrographs of GDC–10BGC powder along with the SAED pattern of the GDC phase.

Figure 5. HR-TEM
electrolyte.

image

of

GDC–10BGC

composite

Figure 7. SEM photomicrographs of sintered (a) GDC15 and
(b) GDC–10BGC electrolyte materials.

Figure 6. Particle size distributions of GDC15 and GDC–
10BGC composite electrolyte material.

powder obtained after Rietveld refinement [5.42512(4) Å] is
slightly smaller than that of GDC15 powder when prepared
separately. The lattice parameters of the BGC phase having
15 mol% Gd doping match closely to those of the BGC
phase having 10 mol% Gd doping level [27]. The XRD
result of composite powder indicates that desired two phases (GDC and BGC) are crystallized right after the combustion reaction that starts with a solution containing Ce, Ba
and Gd ions.
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Figure 8. Nyquist plots for pure GDC15 and GDC–10BGC composite electrolytes at (a) 300, (b) 600 and (c) 800°C.

The crystallite size of GDC15 as calculated from XRD
data is 8.75 nm. The crystallite sizes of GDC and BGC
phases, in the GDC–10BGC nanocomposite, calculated
from the non-overlapping strongest peaks of the respective
phases, are 41 and 38 nm, respectively (table 2). The
crystallite size data indicate that all the powders of the
present investigation are made of nano-crystalline particles.

3.2

TEM study of GDC–10BGC composite powder

The bright field TEM micrographs of as-synthesized GDC–
10BGC composite powder are shown in figure 4a and b.
The micrographs exhibit well-dispersed nano-crystalline
particles of GDC and BGC. From the TEM micrograph, the
average crystallite sizes of GDC15 and BGC phases could
be calculated, which are 24.9 and 26.7 nm, respectively.
The selected area electron diffraction (SAED) pattern of the
GDC phase in the composite electrolyte is shown in figure 4c, which shows the ring pattern of nano-crystalline
cubic structure of GDC. The high-resolution TEM micrograph of the composite electrolyte powder is shown in
figure 5, which shows two distinct phases from which the
inter-planar distances of GDC as well as BGC phases could
be identified.

3.3

Particle size analysis (PSA)

Figure 6 shows the particle size distributions of as-synthesized GDC15 and GDC–10BGC powders. Both the powders
exhibit narrow particle size distributions. The figure shows
that the average particle size of GDC15 is slightly larger
than GDC–10BGC composite electrolyte powder. The
average particle sizes of GDC15 and GDC–10BGC are
1038 and 768 lm, respectively. The average particle size
data of both the powders obtained from particle size analysis differ from other methods, such as BET, TEM and
XRD, which indicates the agglomerated nature of the assynthesized powders. During powder synthesis through
glycine-nitrate route, the composite powder was found to be
more dispersed than pure GDC15 powder. Both the powders

Figure 9. Arrhenius plots for grain and grain boundary conductions for GDC15 and GDC–10BGC composite materials as a
function of inverse temperature in the temperature range of
200–350°C.

were soft-agglomerated while the degree of agglomeration
was greater for GDC15 than for composite powder.
Specific surface area of the GDC–10BGC composite
electrolyte powder was 22.34 m2 g-1 which corresponds to
an average crystallite size of 38.1 nm. Average crystallite
sizes of GDC–10BGC powder, by employing different
characterization techniques, are provided in table 2. It can
be observed that all the techniques indicate that GDC–
10BGC composite powder is nano-crystalline having a
crystallite size of less than 40 nm.

3.4

Microstructural characterization

SEM photomicrographs for GDC15 and GDC–10BGC
composite electrolyte are shown in figure 7a and b,
respectively. The figures exhibit that both GDC15 and
GDC–10BGC have dense and uniform microstructures.
Electrolyte materials with sintered density of more than

62 at 800°C
53 at 800°C
—
—
170 at 750°C
36
24
45.8
44.9
42.2
(625–800°C)
(625–800°C)
(450–800°C)
(450–800°C)
(500–800°C)
20 mol% GdO1.5 ? 80 mol% CeO2 ? 10 mol% BaO
20 mol% GdO1.5 ? 80 mol% CeO2 ? 20 mol% BaO
Ce0.85Gd0.15O1.925 ? 10 mol% SrCe0.85Gd0.15O2.925
Ce0.85Gd0.15O1.925 ? 15 mol% SrCe0.85Gd0.15O2.925
Ce0.85Gd0.15O1.925 ? 10 mol% BaCe0.85Gd0.15O2.925
Ba10CG
Ba20CG
GDC–10SGO
GDC–15SGO
GDC–10BGC

Activation energy (eV)

Total conductivity
(mS cm-1) at 800°C

Power density (mW cm-2)

The Nyquist plots for GDC15 and GDC–10BGC composite
electrolyte as a function of three measuring temperatures
are shown in figure 8. At 300°C, the high-frequency semicircles in the Nyquist plots (figure 8a) represent the impedance resulting from grain. The grain resistance of GDC15
at 300°C was found to be higher than that for composite
electrolyte. The Nyquist plots measured at 600 and 800°C
(figure 8b and c) show that total resistances offered by
composite electrolyte are lower than the resistances offered
by GDC15 at these temperatures. From the impedance data,
it can be observed that the total resistances offered by
GDC15 electrolyte for all three measuring temperatures
were higher than that for composite electrolyte.
The Arrhenius plots for grain and grain boundary conductions for GDC15 and GDC–10BGC composite materials
as a function of inverse temperature are shown in figure 9.
The de-convolution of Nyquist plots for both the materials
into grain and grain boundary conductivities was only
possible at lower measuring temperatures. It can be
observed that for low temperature range (200–350°C), the
grain conductivity for GDC–10BGC was higher than that

Material composition

Conductivity measurements

Sample code

3.5

Comparison of activation energy, total conductivity and power density data of reported composite electrolyte materials.

95% of T.D. are a pre-requisite for application in SOFC.
The sintered density of GDC15 was 96.1% T.D., whereas
the sintered density of GDC–10BGC composite electrolyte
was 95.8% T.D. The grain size distributions of sintered
specimens of GDC15 and GDC–10BGC electrolyte materials have been shown as insets of figure 7a and b, respectively. The average grain size of GDC–10BGC composite
electrolyte was 0.89 ± 0.29 lm which is slightly greater
than that of GDC15 electrolyte (0.65 ± 0.25 lm). This
could be attributed to the higher sintering temperature of
GDC–10BGC than pure GDC electrolyte.

Table 3.

Figure 10. Arrhenius plots for GDC15 and GDC–10BGC composite electrolyte materials as a function of inverse temperature in
the temperature range of 200–800°C.

[19]
[19]
[21]
[21]
Present work
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for GDC15, whereas the grain boundary conductivities for
GDC15 and GDC–10BGC were found to be of a similar
value. The activation energies for conduction through grain
for GDC15 and GDC–10BGC were 0.87 and 0.84 eV,
respectively, whereas for grain boundary conduction, the
activation energy values for GDC and GDC–10BGC were
0.97 and 0.95 eV, respectively. These results indicate that at
lower temperature range, activation energy for grain
boundary conduction is higher than conduction through
grain for both the materials under study.
Total conductivity of GDC15 at 600 and 800°C was 12.2
and 38.5 mS cm-1, respectively, whereas conductivity
value for GDC–10BGC was 12.3 and 42.2 mS cm-1 at 600
and 800°C, respectively. The increase in total conductivity
in composite electrolyte material at higher temperature may
be attributed to the introduction of protonic conductivity in
the GDC–10BGC system. A similar trend in improvement
of conductivity has been earlier observed by Venkatasubramanian et al [28] for composite electrolyte based on
BaO–CeO2–GdO1.5 systems.
Figure 10 shows the Arrhenius plots for GDC15 and
GDC–10BGC composite electrolyte materials. It can be

Bull Mater Sci

observed from the plots that the activation energy for
composite electrolyte closely matches with that of GDC15
electrolyte up to a temperature 450°C and its value is
0.8 eV. At a higher temperature (500–800°C), however, it
deviates towards lower activation energy values (0.52 eV).
The lowering of activation energy value of composite
electrolyte at higher measuring temperature may be attributed to the greater contribution of protonic conductivity
stemming from the presence of the BGC phase in the
composite electrolyte [18,29]. Table 3 shows the activation
energy, total conductivity and power density values for
reported composite electrolyte materials in comparison with
the present work [19,21]. GDC–10BGC composite electrolyte exhibits conductivity which is better than the conductivity of GDC15 and almost equivalent to strontiumdoped composite material [21]. The GDC–10BGC composite electrolyte of the present investigation exhibits better
total conductivity value and lower activation energy for
conduction than Ba- and Gd-doped ceria-based composite
electrolyte materials having similar phase compositions
[19].

3.6

Figure 11. Plots for cell voltage and power density as a function
of current density for GDC–10BGC composite electrolytesupported fuel cell.

(2020) 43:239

Fuel cell test

The electrochemical performance of GDC–10BGC-based
electrolyte-supported fuel cell is shown in figure 11.
Utilizing GDC–10BGC composite with a thickness of
510 lm, a maximum power density of 170 mW cm-2 could
be achieved at an operating temperature of 750°C. It can be
observed from table 3 that the power density obtained from
GDC–10BGC-based electrolyte-supported fuel cell in the
present investigation is substantially higher than the power
density achieved using composite electrolytes of similar
phase composition produced through conventional mixing
and calcination technique [19]. Figure 12 shows SEM
photomicrographs of electrode and electrolyte of the fuel
cell test sample. The micrograph exhibits the average
thicknesses of different components of the planar fuel cell.
It was observed that average thickness of cathode, electrolyte and anode layers was 8.3, 510 and 23.3 lm,
respectively.

Figure 12. SEM photomicrographs exhibiting thickness measurement of (a) cathode, (b) electrolyte and (c) anode, respectively, of the
fuel cell test sample.

Bull Mater Sci
4.

(2020) 43:239

Conclusions

A novel processing route, based on the solution combustion
technique, was developed to produce GDC–BGC-based
nanocomposite material for electrolyte application in ITSOFC. The nanocomposite powder (GDC–10BGC) was
characterized using XRD, BET surface area, TEM and
particle size analysis; all of the characterization results
indicated that the powder was composed of nano-crystallites having a size of less than 40 nm. The conductivity
properties of GDC–10BGC composite were compared with
those of pure GDC15 electrolyte. The electrochemical
performance of GDC–10BGC-based electrolyte suggests
that the composite material is a promising electrolyte
material for application in IT-SOFC.
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