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Abstract - In this work, Cerium oxide (Ce0;) nano particles
were nucleated by mixing aqueous Cerium nitrate
(CeNO3)3.6H,0 and sodium hydroxide (NaOH) using modified
co-precipitation method at room temperature. Different
organic molecules such as poly (vinyl pyrrolidone) (PVP), poly
(ethylene glycol) (PEG) and hexadecyl trimethyl ammonium
bromide (CTAB) were chosen as surfactant and injected into
the reaction medium at the beginning of the system. For
comparison, surfactant free sample was also prepared. The
XRD measurements show that the cubic fluorite structure
having the crystallite size of 15-32 nm. The lattice strains were
detected using Williamson-Hall plot method. The surface
morphology and elemental analyses of the prepared
nanoparticles were studied through SEM and EDX analyses.
The SEM images show that the morphology mainly depends on
the surfactant content added. The optimized sample towards
the structure was characterized through PL analysis. The
band gap of the CeO; nano particles was estimated as 3.37 eV,
which is lower than the bulk.

Key Words: Cerium oxide; Poly vinyl pyrrolidone; Poly
Ethylene Glycol, Hexadecyl trimethyl ammonium
bromide, Williamson-Hall plot.

1.INTRODUCTION

Ceria (Cerium oxide, CeO;) is one of the most lavish
among rare earth elements with wide energy gap (Eg=5.5
eV) and high dielectric constant(e=26). The physical and
chemical properties of Ceria nanocrystalline material often
contrast from crystalline and amorphous one. Rare earth
oxide nanoparticles have unique luminescence, magnetic and
electronic properties due to their unfilled 4f electronic
structure. Ceria was currently a subject of great interest due
to its extensive array of applications, e.g, as associate
materials for three way catalysis, oxygen sensors, solid oxide
fuel cells that employ the oxygen storage capacity, oxygen
sensors, glass-polishing, ceramics and uv absorbent [1,2].

However, the device performances are strongly influenced
by the properties of CeO; particles. Several techniques have
been proposed to synthesize nano-sized CeO; particles with
auspicious control properties such as combustion synthesis,
spray pyrolysis, micro emulsion, sonochemical, co-
precipitation and sol-gel. However, it was difficult to obtain
nanoparticles with low degree of agglomeration of these
techniques required a very stringent control on various
processing parameters together with low production yield.
Therefore, simple and low cost routes to synthesize CeO;
nanoparticles with low degree of agglomeration are still the
key issues. The surfactant mediated co-precipitation method
can overcome the above issues, owing to the advantages of
simple process, mild synthesis condition, easy scale-up and
low cost.

Somalian Prokha et.al., [3] synthesized monodisperse
CeO02 nanospheres using PVP as a surfactant. Guofeng Wang
etal, [4] reported the weakly aggregated CeO, nano
particles has been developed using CTAB as surfactant at
room temperature. Although CeO; nanoparticles prepared by
the co-precipitation route have been extensively studied that
most of the previous reports were focused on direct
precipitation of ceria without using surfactant. Surfactant
plays an important role in the presence of CeO;
nanoparticles. The present investigation describes the
synthesis of Ce0O; nanoparticles with low degree of
agglomeration using PEG, CTAB and PVP as surfactant and
Cerium nitrate hexa hydrate as starting material. The CeO-
nanoparticles were characterized structural, morphology
and optical studies. In addition, the formation mechanism of
surfactant passivated CeO; nanoparticles was discussed.

1.1 Materials and methods:

All reagents of analytical grade were acquired from
commercial sources and used without further purification.
Cerium nitrate hexa hydrate (Ce(NO3)3.6H,0 (Alpha Aeser

© 2017, IRJET |

Impact Factor value: 5.181

IS0 9001:2008 Certified Journal

| Page31


mailto:susiva73@yahoo.co.in

’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 04 Special Issue: 09 | Sep -2017

www.irjet.net

p-ISSN: 2395-0072

One Day International Seminar on Materials Science & Technology (ISMST 2017)
4th August 2017
Organized by
Department of Physics, Mother Teresa Women'’s University, Kodaikanal, Tamilnadu, India

>99%) as cerium salt, Sodium hydroxide (NaOH) (SRL
Grade) was used as precipitation agent. Polyvinyl
pyrrolidone (PVP (Mol.wt.40,000, Merck, Germany)),
hexadecyl-trimethylammonium bromide, C1oH42BrN (CTAB,
Acros Organics, >99 %) and PEG (Acros Organics, M.W.400)
were applied as surfactants.

Ce0; nano particles were prepared by the modified co-
precipitation method. To obtain different morphology, the
appropriate amount of PEG, CTAB and PVP were added
separately to 0.01 M of aqueous Ce (NO3)3.6H;0. The
resulting aqueous mixture was stirred further for 10m at
room temperature and then aqueous NaOH was added drop
wise under vigorous stirring until pH % 8. This resulted in the
appearance of yellow precipitate which was further stirred
for about 90min when it was converted to light yellow
slurry. The precipitate was centrifuged at 200 rpm and
washed with deionized water and acetone several times to
ensure the complete deletion of the surfactant. Finally the
precipitate was dried in an oven at 110°C for 4h, milled the
sample for 30m and consequently calcined in air at 600°C for
2h to get CeO; material.

The X-ray diffraction pattern (XRD) was carried
out on an X-ray diffractometer (X'Pert PRO) with CuKa
(45KV, 50mA) radiation at room temperature in the range of
20°<20<80°. Fourier Transform Infrared (FTIR)
study was made using Thermo Nicolet 380 Instrument
Corporation and kBr in the region between 4000-400 cm-1.
The surface morphology of the samples was observed using
a Scanning Electron Microscopy (SEM) Quanta FEG 200

Instrument with EDX facility. Photoluminescence
spectroscopy was performed on Bruin omega-10
spectrometer.

2. Results and discussion:

Fig.1 shows the XRD patterns of the Ceria (CeO2)
nanoparticles using a) surfactant free b) PVP c) PEG and d)
CTAB as surfactants. The diffraction peaks of all synthesized
samples are labeled and can be indexed to the typical face-
centered cubic phase (JCPDS.No. 81-0792, space group
Fm3m). The strong and sharp diffraction peaks indicate the
good crystallization of the samples. No additional peaks such
as PVP, PEG, CTAB and ceria nitrate in the XRD were
observed, revealing the high purity of the preparation Ceria
nano particles. The crystalline size was calculated by using
the Debye-Scherrer formula [5] and the micro strain was
calculated using Williamson-Hall plot method [6]. The mean
crystalline size is about 32.4, 15.10, 28.5, 23.02 nm and the
micro strains are 0.00086,-0.0014, 0.00067,-0.0022 fora, b,

c and d samples respectively. These values are comparable
to the literatures [7,8].
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Fig -1: XRD pattern of CeO nano particles a) surfactant
free b) PVP c) PEG d) CTAB as a surfactant.

The FT-IR spectra of the samples (a-d) were shown in
fig.2 in the frequency between 4000-400 cm-. The broad
peaks around 3337 cm-! and 1664 cm-! correspond to the
physically absorbed water and OH stretching vibration

respectively.
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Fig -2: FTIR spectra of CeO2 nano particles a) surfactant
free b) PVP c) PEG d)CTAB as a surfactant.
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The peak at 3163 cm! elucidated CH bond of the
surfactant molecule. The peaks at 542cm! and 940 cm'!
attributed to Ce-O stretching vibration and Ce-0,-Ce bending

vibrations respectively confirms the formation of Ceria
(Ce02) nanoparticles.

Itis evident from the fig 3(a-d), surfactant play vital role
in the surface morphology in the prepared Ceria
nanoparticles. Fig.3.a, surfactant free sample revealed that
large particles are composed of small crystallites and show
the particle aggregate of irregular shape. In Fig. 3.b, When
PVPis added, there are two types of particles were seen such
spherical (142 nm) together with needle like particles (570x
142) nm. Fig 3.c and d, uniform hexagonal particles and
cauliflower like particles were observed. It is clearly evident
that the surfactant plays vital role in particle morphology of
the CeOa.

Intensity(a.u)

R T T

W o

Fig -3: SEM image of CeO2 nano particles a) surfactant
free b) PVP c) PEG d)CTAB as a surfactant.e) EDX spectra
of Ce0; nano particle.

From the above structural analyses, the ceria with PVP
assisted surfactant is lower particle size with homogeneous

morphology than CTAB and PEG assisted ceria. It may be due
to absorption of PVP molecules on various crystallographic
planes of cerium source played a major role in determining
the product morphology; due to the fact of supersaturation
degree has substantial influence on the crystal nucleation
rate and the crystal growth rate [9]. CTAB might not be
absorbed at the surface. A certain repellent action occurs
between the hydrophilic group of CTAB and Cerium cation at
grain surface, which makes stabilizing effect of CTAB on
grain become weaker. When a non-ionic surfactant (PEG)
was used, the average particle size of CeO, was bigger than
other surfactant. This result can be attributed to the
stabilizing effect of non-ionic surfactant on water droplets
and particles mainly derived from its hydrogen bond with
water.

The energy dispersive X-ray spectrum (EDX) in Fig.3.e
performed on the materials suggests the existence of Ce and
0, EDX measurements on different spots of the samples
always gave the same patterns, which prove the
homogeneity of the samples.

The Photoluminescence spectrum of the as prepared CeO2 is
shown in Fig.4 with an excitation wavelength 290 nm.
Whereas band to band transition was seen at 368nm with
corresponding energy of 3.37 eV. The peaks at 434 and 524
nm correspond to blue and Green emission respectively,
which can be attributed to the presence of oxygen vacancies.
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Fig -4: PL spectra of CeO; nano particles using PVP as
surfactant.
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3. Conclusion:

The Ceria (CeOz) nano particles were successfully
synthesized via modified co-precipitation method using PVP,
PEG and CTAB as surfactants. The cubic structure with
Fm3m space group (JCPDS: 81-0792) was confirmed through
XRD analysis. Further, the presence of Ce,0 species was
investigated via FT-IR, EDX analyses. The morphology of
Ce0; nano particles was highly dependent on the surfactant.
The well dispersed spherical together with needle
morphology was observed through PVP assisted surfactant.
Also, ithas aband gap of 3.37 eV, which was lower than bulk.
Based on the analyses, one can accomplish that the material
can eventually be used as filler for Lithium polymer battery
electrolyte application.
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