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Pr-Gd doped ceria nanopowder particles of the PGDC (Ceo.sGdo.18Pro.0202-5) sample were synthesized
by a sol-gel process modified using sucrose and pectin. XRD results showed Fm3m space group and a cu-
bic structure. The average crystallite size was in the range of 9-13 nm. The average crystallite size value
increased with temperature. Raman spectra showed more oxygen vacancies than undoped ceria. The rela-
tive density of the sample was 97 %. SEM images clearly showed a denser surface with grains. The electri-
cal conductivity of the PGDC sample was 0.01461 S/cm at 700 °C with an activation energy of 0.92 eV.
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1. INTRODUCTION

Electrolyte materials are essential among other cell
components in solid oxide fuel cells (SOFCs) [1-3]. Tra-
ditional/commercial electrolyte materials (yttrium,
scandium stabilized zirconia, bismuth-based) operate
over higher temperatures (greater than 1000 °C) [4-7].
Doped ceria materials are alternate electrolytes at
lower operating temperatures (600-800 °C). The elec-
trolyte should be of high density and higher electrical
conductivity. However, the electrical conductivity of
doped ceria depends on proper doping concentrations
[1, 4,8, 9].

The synthesis process plays a significant role in the
production of nanosized powder particles. The main
objective of the present study is to synthesize nanopar-
ticles more effectively than the existing methods like
solid-state reaction, ball milling, sol-gel process, precip-
itation methods, and to prepare a dense ceramic elec-
trolyte (more than 95 %) at relatively low sintering
temperatures (lower than 1300 °C). Higher sintering
temperatures result in micro-cracks, incompatibility
across the cell components, chemical instability, etc.

The composition of PGDC (Ceo.sGdo.18Pro.0202 - 5)
nanopowder particles was synthesized by a sol-gel
process modified using sucrose-pectin [10, 11]. In the
conventional sol-gel process, chemicals such as eth-
ylene glycol and ammonium nitrate were used. Eth-
ylene glycol and ammonium nitrate chemicals were
treated as environmental pollutants. The sol-gel pro-
cess modified using sucrose-pectin is cost-effective and
environmentally friendly. Suci [10] reported first-time
sol-gel process modification with sucrose-pectin to syn-
thesize high purity, uniform size nanoparticles.

The present study focuses on synthesis and charac-
terization using XRD, SEM, Raman spectrometer, and
ac impedance meter of PGDC sample.

2. EXPERIMENTAL

The PGDC (Ceo.8Gdo.18Pro.0202-5) sample was pre-
pared through the sol-gel process modified using su-
crose and pectin as chelating agents. (Finar made)
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cerium nitrate, gadolinium nitrate, and praseodymium
nitrate pure materials were used as starting materials.
As per the stoichiometry, praseodymium, gadolinium,
and cerium nitrates were calculated and weighed accu-
rately. Commercial grade sucrose and pectin materials
were used for gel preparation and mixed in mass ratio
sucrose: pectin = 30 : 1. Synthesis details can be found
elsewhere [10, 11].

Synthesized powders were calcined at 600 °C and
then pressed into circular pellets (10 mm x 2 mm).
Then pellets were sintered in air at 1250 °C for 6 h.
The densities of the sintered samples were measured
using the Archimedes method. Powder XRD patterns
were recorded using PANalytical X'Pert Pro. SEM im-
ages were taken with ZEISS Sigma. LABRAM-HR was
used to record the Raman spectra. HIOKI 3531Z LCR
meter was used to record the sample resistance in the
frequency range 42-5 MHz, in the temperature range
350-700 °C.

3. RESULTS AND DISCUSSION
3.1 Structural Characterization

Fig. 1 shows X-ray diffraction patterns of the PGDC
sample at different temperatures. The sample shows a

single phase with space group Fm3m (JCPDS refer-

ence), and a cubic structure. The crystallite size (Dxrp)
was calculated using the Scherrer equation:

Dxrp = 0.94/Bcos0, (1)

where 1 is the wavelength of the radiation, 6 is the
diffraction angle, f#is the full width at half maximum.
It is noticed that XRD peaks with higher FWHM at
room temperature and 600 °C indicate a small average
crystallite size (calculated using Eq. (1)), and the sizes
are in the range 9-13 nm. The modified sol-gel method
results in finer size particles [10, 11]. Furthermore, the
powder XRD pattern at 1250 °C has shown an average
crystallite size of 45 nm. The average crystallite size
increased with temperature. Pr and Gd dopants intro-
duced into Ce lead to a peak shift towards lower dif-
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fraction angles. Due to this, there is a change in the
lattice parameter. The lattice parameter (5.416 A) was
calculated using formula

a=dVh®+EK*+1?, (2

where a is the lattice parameter, d is the lattice spac-
ing and (h,k,l) are the Miller indices.
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Fig. 1 — XRD patterns of the PGDC powder samples at differ-
ent temperatures

3.2 Relative Density

Fig. 2 shows the relative density of the PGDC sam-
ple. Fig. 2 shows that the Pr- and Gd-doped ceria sam-
ples' relative density varies with temperature, i.e.,
relative density increases with temperature. Relative
density was calculated using Eq. (3);

Relative density (Drel.) = dexp/dtheor. 3)
Theoretical density was calculated using the formula:
Density (o) = (n-M)/(a®Na), 4

where n is the effective number of atoms, M is the
atomic mass (in g), Na is the Avogadﬂro number
(6.023x1023/mole), a is the lattice constant (A).
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Fig. 2 — Relative density of the PGDC sample

3.3 Morphological Characterization

Fig. 3 a-c shows the SEM images of the PGDC sam-
ple at different temperatures. Fig. 3a presents the
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sample image at 600 °C, and it is clear that the surface
shows a sponge-type porous material. Fig. 3b shows the
sample at 1100 °C. Fig. 3c presents the sample with a
high-density surface almost free from pores. These
results are in good agreement with the relative density.
Fig. 3d shows the dispersive energy spectra (EDS) of
the sample; the elements Pr, Gd, Ce are present as per
the composition.
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Fig. 3 — SEM images of the PGDC sample at (a) 600 °C, (b)
1000 °C, (c) 1250 °C, and (d) EDS

3.4 Raman Spectroscopy

The Raman spectra of the PGDC sample are shown
in Fig. 4. Undoped ceria shows one band at 462.78 cm 1,
whereas Pr-Gd doped ceria exhibits two bands at
461 cm-1 and 577 em~1. It is worthy to note that the
extra band is present at 577 cm-! compared to un-
doped ceria. It indicates higher oxygen vacancy concen-
tration for the PGDC sample [12, 13]. Furthermore,
there is a decrease in intensity and a peak shift to-
wards the lower frequency region. The peak shift is due
to the ionic radius difference between host and dopants
(Gd3*(1.05 A), Pr3+(1.126 A), and Ce**(0.97A)).
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Fig. 4 — Raman spectra of the PGDC sample

3.5 Electrical Conductivity

Fig. 5 shows the electrical conductivity versus fre-
quency at different temperatures of the PGDC sample.
It can be seen at lower frequencies that the conductivi-
ty is almost constant and increases at higher frequen-
cies. The electrical conductivity values were calculated
using the following equation:
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o=LIRA, (5)

where R is the total resistance measured by the imped-
ance meter, L is the thickness, A is the cross-sectional
area of the sample.
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Fig. 5 — Electrical conductivity versus frequency of the PGDC
sample

Fig. 6 shows the electrical conductivity versus
1000/T of the PGDC sample. It can be seen that the
curves follow the Arrhenius nature. The activation
energy was calculated by linear fitting of the curves
from Fig. 6. The activation energy was calculated using
eq. (5), and it is 0.92 eV. The lower frequency intercept
values from Fig. 5 were taken as conductivity values.

o, E
= -2 6
o T exp( ij (6)

The electrical conductivity increased due to the in-
crease in oxygen vacancies (Vo). Gd3* and Pr3* do-
pants form defects with host material ceria, resulting
in a higher oxygen vacancy concentration (V). Ac-
cording to the Kroger-Vink notation [14, 15]:

M,0, —22%_9M,, +30%0+V>0, (7

where M = Gd or Pr, (V°°0) = oxygen vacancy concentra-
tion, Gd’ce or Pr’ce = Gd3* or Pr3* doped into host Ce4+ .
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Due to Voo, oxygen vacancy occupancy in the fluorite
structure re-orientation process takes place. Vo oxy-
gen vacancy forms defect associate pairs with dopant
cations (Gd'ce. Vo, Pr'ce. Vo) or (Gd'ce. V0. Gd'ce,
Pr'ce. Vooo. Pr'ce) [14, 15].

The PGDC sample exhibits improved conductivity
(0.01461 S/cm) with activation energy (0.92 eV). These
values are compared with those reported in the litera-
ture [13-17].
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Fig. 6 — Electrical conductivity versus 1000/7 of the PGDC
sample

4. CONCLUSIONS

The PGDC sample was successfully synthesized
through a sol-gel process modified using sucrose-pectin.
The average crystallite size was in the range of
9-13 nm. High-dense ceramic material was prepared by
sintering at 1250 °C for 6 h. The lattice parameter of
the PGDC sample was 5.416 A, and it is higher than
that of undoped ceria (5.409 A). The sample exhibited a
single phase with a cubic structure. The Raman spectra
showed more oxygen vacancies for Pr-Gd doped ceria
than for undoped ceria. The morphology of the samples
showed a dense surface with grains clearly. The electri-
cal conductivity of the PGDC sample was 0.01461 S/cm,
with an activation energy of 0.92 eV.
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EjnexrpuuHi B1acTUBOCTI HAHOCUHTE30BAHOTO eJIeKTpoJsIiTHOoro marepiany PGDC
Somoju Ramesh

Department of Physics, School of Science, GITAM (Deemed to be University), 502329 Telangana, India

Yacruaku HaHOMOpOmIKy Iepito, momoani Pr-Gd, apaska PGDC (CeosGdo.1sProo202-5) cuHTe30BaHO
30JIb-T€JIb IIPOIIECOM, MOAN(IKOBAHNM 13 3aCTOCYBaHHAM caxaposu Ta neKTuHy. Pesynbratu XRD mokasanm
mpocTopoBy Ipyrry Fm3m Ta kyGiuny crpykrypy. Cepemmiit poamip KpucTasmiTis 6yB y Mexxax 9-13 mm. Ce-
pelHe 3HAYEHHS PO3MIPY KPHCTAJITIB 301IBIIYBAJIOCS 3 MIJBUINEHHAM TeMIIepaTypyu. PaMaHiBChKI CIIEKTPH
IIOKAa3aJ Iy OLIBbIIe BAKAHCIM KUCHIO IS JIETOBAHUX 3PA3KiB, HiK JJIsI HeJIETOBAHUX IlepieM. BigHocHa rycru-
Ha 3paska craHoBmiia 97 %. 3o0pasenus SEM diTko mokasaliv MOBEPXHIO 13 OLIBII IMIIBHO PO3TAIIOBAHMU-
mu 3epHamu. Enexrpomnposiguicts 3paska PGDC cranosumiaa 0,01461 Cwm/em mpu 700 °C 3 eHeprieio akTuBa-
mii 0,92 eB.

Kmiouosi cimoea: MomudikoBauuii 30ib-resib mporec, XRD, SEM, Pamaniscbki cmexrpu, Eiextpo-
IIPOBITHICTE.
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