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Abstract: In advanced low temperature solid oxide fuel cell (LT-SOFC) technology, we present a comprehensive
study on the effects of lanthanum co-substitution in ceria electrolyte. Using a co-precipitation synthesis approach, we
successfully incorporated trivalent La ions into the ceria matrix to improve its structural and functional properties.
This study investigates La3* doped CeO: solid electrolytes (LDC) synthesis and characterization at varying
concentrations (0.2, 0.3, 0.4, and 0.5). The materials were characterized using a suite of analytical techniques. X-ray
diffraction (XRD) analysis revealed that all samples maintained a cubic fluorite-type structure with evident changes
in peak intensity and broadening as La3®* ion concentration increased, indicative of induced lattice defects FT-IR
spectra indicated minor modifications in the Ce-O bond vibrational modes. Optical studies demonstrated enhanced
absorption in the UV region and a consistent band gap of 3.15 eV across all samples, underscoring the doping's
influence on electronic transitions. Scanning electron microscopy (SEM) images highlighted increased grain sizes
and improved interparticle connectivity, which is essential for material performance. X-ray fluorescence spectroscopy
verified the existence of cerium and lanthanum, proving the successful addition of dopants. Raman spectroscopy
also confirmed changes in the structure, indicating alterations in the characteristic vibrational frequencies and a
decrease in their intensity as the dopant concentration increased. The conductivity of the material was tested at low
temperatures ranging from 573 K to 873 K for use in Solid Oxide Fuel Cells, with the highest conductivity recorded
at 0.21 mS/cm at 873 K.

Keywords: Solid Oxide Fuel Cell, Solid Electrolyte, La-Doped Ceo2, Impedance, lonic Conductivity, Band Gap,
Activation Energy

For example, it blocks the movement of ions at the
cathode-electrolyte interface by creating an insulating
phase in Lanthanum and strontium-based cathodes [9].
Scandia-stabilized zirconia has shown good electrical

1. Introduction

The global energy landscape demands highly
efficient and environmentally friendly energy sources.

Solid oxide fuel cells (SOFCs) are desirable among
emerging technologies because they can provide
sustainable and efficient electrical energy [1]. In the
architecture of SOFCs, electrolytes are important in
affecting the overall cell performance. The search for an
ideal electrolyte is characterized by high sintering
temperatures, manufacturing costs, and suboptimal
ionic conductivity, hindering large-scale
commercialization [2, 3]. Solid oxide fuel cells (SOFCs)
are prominent version devices due to their attractive
properties, such as excellent efficiency, low emissions,
and fuel flexibility[4-6]. Yttrium-stabilized zirconia (YSZ)
is one of the most commonly used electrolytes in SOFCs
due to its high ionic conductivity and stability in reducing
and oxidizing atmospheres[7, 8]. However, its high
operating temperature range of 800-1000 °C is limited.

conductivity, but at high temperatures (Yb203, Bi2Os3,
AlO3z, or Ga:0s with ScSZ [10-15] and also at low
temperatures (10 mol %). Therefore, this has raised the
interest and need for developing new promising
electrolyte materials for low-temperature SOFCs (LT-
SOFCs).Along with  Salt-Oxide Composites and
Nanocomposites for Advanced Fuel Cells [16, 17]. The
well-known solid electrolyte material MOz (M = Zr, Ce) is
still a good candidate for SOFCs [18]. Doped ceria
exhibits good ionic conductivity compared to stabilized
zirconia by creating oxygen vacancies through which
oxygen ions can easily pass [19-23]. Ceria doping/co-
doping is a superior path to enhance ionic oxide
conductivity by structural modification of CeQ:2 [24].
However, ceria-based electrolytes also have drawbacks.
The reduction of Ce* to Ce®", which at low oxygen
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partial pressures (<10-10atm), increases the electronic
conductivity [25]. Therefore, many researchers have
reported the use of various rare earth transition elements
and metal ions, such as Er®*, Dy%*, La%*, Sm3*, Eu3*,
Nd3*, Gd3* Y3, Ca?* and Sr?* to improve the ionic
conductivity of ceria-based electrolytes [26-29]. The
ionic conductivity enhancement in doped ceria is due to
increased oxygen vacancies. However, these vacancies
are not free but rather bound to the doping cations, which
may result from defective binding or clustering of oxygen
vacancies after reaching the maximum doping
concentration [30]. lonic conductivity is also influenced
by the dopant ionic radius and valence. Compatibility of
the ionic radius of the host cation (Ce**) and the dopant
is important to obtain a desirable lattice voltage.
Otherwise, the mismatch of the dopants tends to
introduce a large lattice voltage, reducing the ionic
conductivity. In addition, the binding energy of the
dopant lattice must be low to allow for an increase in
oxygen vacancies [31]. In addition, ceria-based
electrolytes have poor mechanical strength. They may
be subjected to mechanical and thermal stresses during
cell fabrication and high-temperature operation, limiting
their realization in practical applications [32, 33].
Therefore, the mechanical strength of ceria can be easily
improved by adding rare earth oxides, as the increase in
oxygen vacancies contributes to weakening the bond
energy, increasing the thermal expansion coefficient
(TEC) of ceria [34]. Therefore, the TEC of SOFC
components should be matched to prevent cracking
during thermal cycling, which improves the stability of
SOFCs in transient operation [35, 36]. To date, materials
studied as electrolytes for SOFCs have not achieved the
desired high ionic conductivity of 0.1 S cm? at
temperatures below 600 °C. Large ionic conductivities
and challenges exist in developing new versatile, cost-
effective, and stable electrolyte materials suitable for
SOFC operation at low temperatures. Cerium oxide
doped with alkaline earth and rare earth metals has
proven to be an alternative to the more expensive
GDC/SDC. It exhibits significant ionic conductivity even
at low temperatures, making it suitable for SOFC
applications. For example, Sro.1Smo.1Ceo.802-5 has been
reported to have an ionic conductivity of 0.5 Scm™ at
600°C [37]. Co-doping with alkaline earth metals also
reduces the sintering temperature, potentially reducing
the operating costs of SOFCs. Recent studies have
investigated various compositions of inexpensive La-
doped ceria materials as SOFC electrolytes, with
favourable results compared to conventional GDC/SDC
materials [38]. It can be strongly speculated that the co-
doping of alkaline earth metals and La-doped ceria
meets the required criteria. In a detailed study, Jaiswal
et al. [39] used calcium and strontium co-doped cerium
oxide and measured the ionic conductivity value of
Ce0.92Ca0.05Sr0.0301.92, which was about 1.22 x 1072
Scm™! at 600°C. In another study, Zheng Y. et al. [27]
investigated Lanthanum and calcium co-doped ceria-
based materials as electrolytes for IT-SOFCs. They

found an exemplary ionic conductivity of 3.56 x 102 S
cm® at 700°C for CeossLao.10Canos025 evaluated.
Regarding low-temperature SOFCs, Ali A. et al. [37]
comprehensively analyzed various alkaline earth metals,
including barium, calcium, magnesium, strontium and
doped samarium. Their results showed an impressive
ionic conductivity of 0.126 S cm! with a relatively low
activation energy of 0.48 eV and a maximum power
density of 630 mW cm? for the composition
Cao.1Smo.1Ceo0.802-5 for an operating temperature about
600 °C. Momin et al. [40, 41] dealt with the synthesis of
Lanthanum and calcium-doped ceria of different
compositions by combustion and solid-state reaction
methods, respectively. The obtained materials showed
ionic conductivities of 8.89 x 102 S cm-! for Lao.1Ce0.90>-
5 [41] and 8.01 x 103 Scm for Cao.1Ceo.9025 at 700°C
[40]. Lanthanum (La) and alkaline earth metal co-doped
ceria systems are exciting due to the smaller band gap
and improved ionic mobility. Despite promising results,
the literature has no systematic study of different La-Co
doping ratios. Hence, there is great interest in studying
these materials more comprehensively. The current
work centres on advancing lanthanum-doped ceria
electrolytes to consider their structural and
electrochemical properties. For this reason, Lai-xCexO2-5
[x=0.2, 0.3, 0.4 & 0.5] (LDC) were synthesized utilizing
the co-precipitation strategy in LT-SOFCs. The
morphology and structure of these nanocomposite
electrolytes were examined utilizing X-ray diffraction
(XRD) and filtering electron microscopy (SEM).
Electrical conductivity was measured utilizing a four-
probe method within the temperature range 873K in the
discussion, and electrochemical impedance
examination (EIS) was considered on these ceria
electrolytes.

2. Materials and Methods

Preparation of Ceria doped lanthanum solid
electrolyte materials were prepared using the analytical
grade of Cerium (lll) nitrate hexahydrate (Sigma
Aldrich), Lanthanum (lll) nitrate hexahydrate(Sigma
Aldrich), sodium carbonate(Sigma Aldrich). The
nanocomposites of LDC solid electrolytes were
synthesized via the cost-effective co-precipitation
method at room temperature with a molar ratio of
Ceo.sLan.202, Ceo.7Lao.302 Ceoslaos402 and CeosLaosO2
in 200 mL of deionized water and stirred at 250 rpm at
80°C. The preparation method is displayed in Figure 1.
The sodium carbonate (precipitating agent) solution was
added dropwise to the LDC solution under vigorous
stirring. The mixture was allowed to settle for
precipitation. The precipitated LDC was dried at 120°C
followed by sintering at 800°C for 6 h. The sintered
powder was crushed and grinding to obtain
homogeneity. The synthesized solid electrolytes were
characterized by powder X-ray diffraction (XRD) using
Bruker D8 Advance with CuKa radiations (A = 1.5406 A).
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Figure 1. Flow chart of preparation of LDC solid electrolyte

Fourier transform infrared (FTIR) spectroscopy
was recorded at a spectral range of 1750 to 550 cm™?
using PerkinElmer. The diffuse reflectance spectra were
recorded using a PerkinElmer Lambda 35
spectrophotometer. The electrical conductivity was
measured using a Biologic electrochemical workstation
(Biologic VSP300) with a temperature range of 303 K
and 873 K, with a relative density of approximately 95%.
As prepared, LDC samples were pelletized using an
8mm diameter under a hydraulic press with a pressure
of 7 tons for 5 min. Then, all the pellets were sintered at
800° C for further characterization. The structural and
vibrational studies of LDC solid electrolytes were
conducted using Raman spectroscopy with a spectral
range of 50 to 1000 cm on the WITEC ALPHA 300-R
instrument with a source wavelength of 532 nm. The
morphology of the electrolyte samples was examined
using SEM with the TESCAN VEGA3 LMU instrument.

3. Results and Discussion
3.1 Phase Analysis

The XRD pattern is a powerful tool for
elucidating the crystalline Nature and structural
characteristics of the La%* doped CeO. samples. Figure

2 displays the X-ray Diffraction (XRD) pattern collected
from examining different levels of La3* ions added to the
CeO2 system. Each sample showed a clear, crystalline
structure with a cubic fluorite-like arrangement (JCPDS
Card No: 65-2975) [42]. It's clear that as the amount of
La%* ions increased, the strength of each reflection peak
decreased, along with the peaks becoming wider.
Moreover, additional reflection peaks were observed.
The (111), (220), and (311) reflection peaks were noted
to separate into pairs and then triplets. This behavior can
be explained by the higher concentration of dopants,
which mainly leads to the formation of interstitial planes
and defects instead of filling in the substitution spots in
the CeO system [43].

Across all concentrations, the XRD patterns
depict a well-defined crystalline structure consistent with
the cubic fluorite-type structure. This observation
underscores the robust crystallinity of the CeO2 system,
even upon doping with La3* ions. A notable trend from
the XRD patterns is the peak intensity and broadening
with increasing La3* ion concentration. Specifically, as
the concentration of La%* ions increases, a gradual
decrease in the intensity of all reflection peaks is
observed, accompanied by broadening effects.
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Ultimately, the lattice parameter estimated for all
samples is 5.3693 A, and the crystallite size is 34.38 nm
using the Scherrer formula. This phenomenon suggests
changes in the crystallite size and lattice strain induced
by doping.

Furthermore, secondary reflection peaks
emerge with increased La3* ion concentration [49]. On
the minimum concentration of La%*, the ions are
overlapped. Further increase of La%* concentration
indicated its presence by secondary peaks, confirmed by
pure lanthanum ions JCPDS card no — 36-1481.
Particularly noteworthy is the observation that primary
reflection peaks, such as (111), (220) and (311),
undergo splitting into doublets and, subsequently,
triplets. This splitting phenomenon is indicative of
structural modifications induced by the doping
mechanism.

The splitting of reflection peaks into multiple
components can be attributed to the increasing dopant
concentration, which primarily fosters the creation of
interstitial planes and defects within the CeO: lattice
rather than occupying substitutional positions [44]. This
propensity for defect formation becomes more
pronounced as the La3* ion concentration escalates,
leading to the observed structural alterations manifested
in the XRD patterns. Here, composition x = 0.3 shows a
slight difference in its peak, possibly due to its lattice
defect or materials impurities. Therefore, further
characterizations are done for the other compositions,
excluding x = 0.3.

3.2 FTIR Studies

Figure 3 presents the FTIR spectra of CeO:
electrolyte samples doped with varying concentrations of
La3+ ions (0.2, 0.4, and 0.5), recorded between 4000
and 400 cm. Notable peaks at 523 and 547 cm™
correspond to the Fzg mode of the ceria cubic lattice,
indicating that the cubic structure is maintained despite
doping [45]. Additionally, weak bands at 1064, 1121, and
1194 cm™ are associated with the stretching vibrational
modes of Ce-O bonds and higher-order modes,
respectively, suggesting that La3* doping induces subtle
changes in the lattice dynamics [44-48]. These
observations confirm the structural stability of the doped
ceria and provide insights into modifications in its
vibrational characteristics, crucial for optimizing its
performance as an electrolyte in applications like solid
oxide fuel cells.

3.3 Optical Studies

Figure 4a presents the optical absorption
spectra of CeO: electrolyte samples doped with varying
concentrations of La3%* ions (0.2, 0.4, & 0.5), recorded
between 200 and 800 nm. All samples show broad and
strong absorption in the ultraviolet (UV) region, attributed
to charge transfer between O% (2p) and Ce** (4f), with
weaker absorbance in the visible region [46]. As the La3*
doping concentration increases, there is a slight
increase in absorbance in the visible region and a
corresponding decrease in the UV region.
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Figure 2. XRD pattern of Ce1-xLaxO2-6 concentrations of x = 0.2, 0.4, 0.5 LDC solid electrolyte.
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Figure 3. FTIR spectra of Ce1-xLaxO2-6 concentrations of x = 0.2, 0.4, 0.5 LDC solid electrolyte.
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Figure 4. (a) Optical Absorbance spectra (b) The band gap value of Ce1-xLaxO2-5 concentrations of x =
0.2, 0.4, 0.5 LDC solid electrolyte

This trend suggests that La®* ions modify the
electronic structure of CeO2, enhancing its visible light
absorption while reducing UV absorbance, potentially
altering the material's optical properties for various
applications. Figure 4b displays the energy band gap
values for CeO, electrolyte samples doped with different
concentrations of La®* (0.2, 0.4, & 0.5) ions. From the
absorption spectra, the band gap energy (Eg) of the solid
CeO, electrolytes was calculated using Tauc’s equation,

ahu = A(hu-Eg)" Q)

where A is a constant value, hu is the photonic
energy, n is a constant which depends on the probability
of transition, and a is the absorption coefficient. CeO, is

a direct band transition material, and hence n = 2.
Plotting (ahu)? as a function of photon energy and
extrapolating the linear portion of the curve to absorption
equal to zero, as shown in Fig. 4b, gives the direct band
gap values of La®* doped CeO, electrolyte. The bandgap
value was calculated to be 3.15 eV for all samples.
Interestingly, the dopant does not seem to affect the
lattice of the CeO, electrolyte, as corroborated by XRD
analysis. It is confirmed that La3* dopant ions did not
replace the Ce*" ions; however, they introduce new
planes within the CeO, crystal structure. Our result
agrees with the previously reported band gap (EQ)
values [47].
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3.4 Morphological Analysis

The SEM and EDAX analyses conducted in this
study provide a detailed examination of the morphology
and elemental composition of the materials for CeO,
electrolyte samples doped with different concentrations
of La®* (0.2, 0.4, & 0.5) ions, as illustrated in Figure 5 (a,
b, ¢) and (d, e, f), respectively. The morphology of La3*-

doped CeO, samples with varying concentrations (in
Figures (a,c,e) reveals several critical features that
highlight enhanced interparticle connectivity. This
connectivity significantly contributes to the overall
structure, resulting in an agglomerated and porous
framework, which is crucial as it influences the material's
physical and chemical properties.

cps/eV

(b)

cps/eV

(d)

KeV

cps/eV

1o

Figure 5. (a, b), (b, ¢), (d, ) were the respective SEM and EDAX image for Ce1-xLaxOz2-5 concentrations
of x =0.2,0.4,0.5 LDC solid electrolyte
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Upon closer examination, the SEM images display larger
grain sizes across the samples. This grain size increase
can be attributed to the formation of larger clusters,
driven by the substantial surface area provided by the
smaller crystallites. Particles with smaller crystals
typically have a higher ratio of surface area to volume,
which makes it easier for them to form bigger clumps as
they interact and stick together more effectively. The
structure seen through scanning electron microscopy
(SEM) clearly reveals a more uniform spread of particle
sizes in the material's porous structure. This even
distribution of particle sizes is key, leading to more stable
and predictable properties of the material, which is
important for a variety of uses like catalysis, sensor
development, and energy storage technologies.
Moreover, the shape of the particles’ surfaces is shown
to be closely packed. This dense arrangement is not just
a structural aspect but also plays a crucial role in the
material's performance. In particular, a closely packed
surface shape improves the ability to separate charge
carriers. The ability to efficiently separate charge carriers
is beneficial in many areas, especially in solar cells and
photocatalysts. To sum up, the SEM images offer a
detailed look into the microscopic structure of the
samples. The increased connection between particles,
the formation of larger grains due to more cluster
formation, the narrower spread of particle sizes, and the
tightly packed surface shape all contribute to the
material's enhanced properties and potential
advantages in various applications. The EDAX spectra,
depicted as (b), (d), and (e), provide essential
information on the elemental makeup of the samples
being studied. Specifically, clear peaks in these spectra
confirm the dominance of Cerium and Lanthanum in the
samples under investigation. In conclusion, the EDAX
spectra act as succinct yet informative tools for

determining the main elemental composition of the
samples, underscoring the high presence of Cerium and
Lanthanum in the studied materials.

3.5 Raman Spectra

Figure 6 displays a Raman spectroscopy
analysis that offers detailed insights into the structural
behaviors of CeO: electrolyte samples, each differing in
the amount of La%* ions (0.2, 0.4, & 0.5 M) they contain.
The data, spanning from 50 to 1000 cm™, gives a
thorough perspective on how these materials vibrate. A
significant observation from the Raman spectra is the
prominent Raman-active vibration peak at 455 cm
present across all samples. This peak points to the F2g
vibration mode of the ceria cubic lattice, indicating the
symmetrical behavior of oxygen ions around each Ce**
cation, which is a key feature of the cerium oxide
structure as shown in references 3, 4, and 5. As the
amount of La%* ions increases, there's a notable
decrease in the amplitude of the F2g vibration, indicating
the La3* doping effect. This decrease in amplitude is due
to the La3* ions creating additional lattice planes, which
disrupt the original symmetry, thus reducing the F2g
mode's intensity. Furthermore, as La3* concentration
rises, there's a slight shift in the position of the F2g mode
peak, indicating changes in the lattice's parameters and
the surrounding environment around Ce** cations,
supporting the idea that La3* has a significant impact on
the structural characteristics of CeO: electrolytes. In
conclusion, this analysis effectively highlights how the
addition of La3* ions changes the vibrational behavior
and lattice structure of CeO: electrolytes, providing
crucial insights on the effects of doping on these
materials.
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Figure 6. Raman Spectra of Ce1-xLaxOz2-5 concentrations of x = 0.2, 0.4, 0.5 LDC solid electrolyte.
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3.6 Electrochemical Studies

Potential electrochemical impedance
spectroscopy data were measured using a VSP-300
biologic multichannel potentiostat. The Electrochemical
impedance (EIS) spectra were measured between a
frequency window of 100 MHz to 7 MHz with a sinus
amplitude Va = 50 mV. Nyquist impedance data of
prepared solid electrolytes named Ceos Laos Oz, Ceos
Lao.sa O2 and Ceo.7 Lao.s Oz, Ceos Lao2 Oz were measured
with the same setup. Nyquist plots of Ceo.s Laos O2, Ceo.s
Lao.a Oz, Ceo.7 Lao3 Oz, and Ceos Lao2 O2 were shown in
figure 7(a) and 7(b) respectively. EIS spectra were fitted
using an equivalent circuit of R1+CPE1/R2+CPE2 to
determine solid electrolytes grain and grain boundary
response. R1 and R2 were resistance associated with
grain and grain boundary response. Whereas, CPE the
constant phase element accounts to the capacitance
behaviour. Resistance R1 and Constant phase element
CPEL1 are in series connection parallel to the Resistance
R2 which is in series connection with Constant phase
element CPE2. The total resistance Rt was determined
from the grain and grain boundary resistance. The

electrical conductivity of solid electrolytes was calculated
from the expression of ¢ = ﬁ, where L, A and Rt are
t

the thickness, cross-sectional area and total resistance

of solid electrolytes, respectively[47]. Conductivity (G) of
Ceo.sLaos O2, CeoslLaos O2 and Ceo.7Lao3O2, CeoslLao.
02 was 1.95x102? Scm?, 1.56x102 Scm, 1.54x107?
Scm® and 1.53x102 Scm respectively at room
temperature shown in table 1. Maximum conductivity of
o = 1.53x10® Scm was observed for Ceos Lao.2 Oz;
subsequently, an increase in dopant x =0.3, 0.4 and 0.5
of La have a negative impact on conductivity (o) as tends
to decrease as the dopant concentration increase as in
figure 7. Boaro et al. reported 8.40x10-2 Scm! at 1000°C
for CeosZro.202 [48]. Amar et al reported Ceo.8Zro.201.9
(o = 0.198x10° Scm), Ceo.7Zro30185 (o = 0.208x103
Scm-t), Ceo.6Zro.401s (c = 0.745%10° Scm1) at 600°C
[49]. Conductivity studies on room temperature for
Ce1-xLaxO2-5 concentrations of x = 0.2,0.4,0.5 LDC
electrolyte reveals lower La concentration offers better
electrical conductivity listed in table 1.

Tablel. Conductivity of Lanthanum doped ceria at room temperature

Electrolyte Conductivity (mScm™?)
Ceoslao20: 1.53x102
Ceo7Laos O 1.54x102
Ceoslaogs O 1.56x102
Ceoslaogs O 1.95x102

Table 2. Conductivity of Lanthanum doped ceria at various temperatures

Temperature (K) | Conductivity (mScm™) Activation energy (eV)
CeoslLao202 | CeosLaosO2 | Cepslan202 | CeoslansO2

873K 0.21 2.36x102

773K 5.86x102 1.59x1072

673K 1.39x102 1.94x102 0.4 0.3

573K 1.38x102 3.24x103

303K 1.56x1072 1.95x102

Table 3. Comparison of various conductivity studies with present work

Electrolytes Temperature Conductivity (Scm™) References
Cegsglagpz 02 600°C 0.21x10° Present work
CeosLags O2 600°C 2.36x10° Present work
Ce0.8Zr0202 1000°C 8.40x10? [48]
Ce0.8Zr0201.9 600°C 0.198x103 [49]
Ce0.7Zr0301.85 600°C 0.208x103 [49]
Ce06Zr0401.8 600°C 0.745x103 [49]
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Figure 8. Nyquist plots of LDC electrolyte measured at room temperature (a) Ceo.s Lao2 O2 & Ceo7 Laos
Oz (b) Ceos LaoaO2& Ceos Laos O2

Nyquist plots of Ceo.s Lao.2 Oz and Ceos Laos Oz
tested at low temperatures ranging from 873K to 573K
shown in figure 8 shows the grain resistance increase as
temperature decreases reflected in conductivity values
of listed on table 2.

A comparison of various conductivity values with
the present study is listed in Table 3. Activation energy
Ea was determined by the following relation commonly

referred as Arrhenius equation ¢ = Go e F¥KT where
(o) conductivity, (oo) pre-exponential factor, (Ea)
activation energy, (K) Boltzmann constant, (T) absolute
temperature. Thermally activated conduction (Ea
activation energy) of Ceo.g Lao.2 O2 was determined by

plotting log & (Scm™) vs 1000/T (K'Y) and performed
a linear fit as shown in figure 9. Activation energy of 0.4
and 0.3 eV was achieved in CeosLao202 and
CeosLaosOz electrolyte respectively as listed in the Table
2.

On increasing the concentration of La%* ions the
activation energy decreases and reaches the lowest
value for the composition LDC 0.5 as Ea = 0.3 eV. Even
though LDC 0.2 have an higher activation energy of Ea
=0.4 eV it provides an usable conductivity of 0.21 mScm-
1 at 873K. Electrolytes with low thermal activation energy
with reasonable conductivity is high in demand for SOFC
applications [49,50].
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Figure 9. Arrhenius plot of LDC electrolyte measured at operating temperatures from 573 to 873K.

Ceo.sLao202 could be an ideal solid electrolyte
for low-temperature SOFC applications with its high
conductivity of 0.21 mScm- at 873K.

4. Conclusion

In this study, La3" ions were successfully
incorporated into CeO, at La concentrations of x = (0.2,
0.3, 0.4, and 0.5) in CeixLaxO2-5. XRD analysis
confirmed that all samples retained a well-defined cubic
fluorite-type  structure,  with  increasing  La3*
concentrations causing significant peak intensity
reduction and broadening and peak splitting indicative of
interstitial plane and defect formation within the lattice.
Raman spectroscopy supported these findings, showing
shifts and intensity changes in the F2g mode, reflecting
the impact of La3* doping on the ceria structure. FT-IR
spectra revealed subtle changes in the Ce-O vibrational
modes, suggesting the structural stability of doped ceria.
Optical studies demonstrated consistent UV absorption
and a fixed band gap of 3.15 eV across all samples,
indicating that the dopant does not alter the lattice but
introduces new planes within the CeO, crystal. SEM
images displayed enhanced interparticle connectivity,
larger grain sizes, and a tightly packed surface
morphology, which are crucial for various applications,
including catalysis and energy storage. EDAX confirmed
the presence of cerium and Lanthanum, verifying
successful doping. Generally, this study emphasizes the
notable impact of La3* doping on the structural,
vibrational, and optical properties of CeO,, emphasizing
its potential for enhancing solid electrolyte performance
in solid oxide fuel cells and related applications.
Conductivity analysis suggests Ceo.glLao.2O2 attained a
high conductivity of about 0.21 mScm-! at 873K and a
low thermal activation energy of 0.4eV. The findings

suggest that La3* doped CeO, can be a promising
material for advanced energy applications, offering
improved structural and functional properties at LT-
SOFC applications.
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