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Abstract: Metal nanoparticles were prepared by chemical method using HCL as a catalyst. The silicates transformed from the
amorphous phase, via intermediate oxide phase, into crystalline phase upon heat treatment in air. Characterization of the
RE:SiO2 was carried out by using X-ray diffraction (XRD), Fourier transformation infrared (FTIR) and Scanning electron
microscopy (SEM). The effect of the annealing temperature and annealing time on the phase evolution of the silicates has been
discussed in detail.
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1. INTRODUCTION

Nano binary oxide system containing RE2O3 and SiO2, with
controllable size and properties has applications in
miniaturized optical devices, catalysts [1-4], photonics [5],
advanced high temperature superconductors/ceramics [6]
and integrated optics [7]. Particularly nano RE-oxide powders
show good catalytic properties in several reactions including
synthesis of Ammonia and oxidative coupling of Methane
[8], while thin film of RE oxides are of interest for many
purposes such as optical antireflection coating, gas insulator,
and protective coating [9]. For the above mentioned
specialized applications, mostly silica has been preferred as
host matrix due to its higher softening temperature, higher
thermal shock resistance, lower index of refraction etc. in
comparison to other oxide glasses [7, 10].

Different methods have been used to synthesize
RE-oxides doped glasses/silica in powder and thin film form
[2, 11-15]. In general, solgel process matches the demands
of industries in term of preparation of materials with high
density, high mechanical and thermal shock resistance, high
specific surface area, compositional purity and optical grade
quality [16]. Kepinski and Wolcyrz [17] prepared Nd-doped
SiO2 with different molar ratio by the impregnation method
and shown that the heat treatment plays an important role in
developing different phases of the binary oxides. Dimitrev
et. al. [18] investigated the microstructure of thermally treated
Nd-doped silica gels by complementary techniques and
found that microheterogenity with amorphous phase
occurred at low temperature. However, the increase of
temperature leads to the increase of crystallinity and the
decrease of four-fold rings.

For proper utilization of binary oxide systems, specially
nanocrystalline (RE)2O3 doped SiO2, in scientific and
technological applications require a better understanding of
the phase evolution of binary oxides. Phase evolution is
deeply involved in the fundamental physics of rare-earth
ions/oxides, host matrix, heat treatment conditions and
ambient atmosphere. A detailed and systematic study has
been made on the influence of prolonged high temperature
sintering on the microstructure of neodymium oxide doped
silica powder and found that prolonged sintering at high
temperature mainly supports the development of monoclinic
phase of Nd2O3 with well defined morphology. The X-ray
diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), Scanning electron microscopy (SEM) data of the
prepared samples are provided.

2. SAMPLES PREPARATION

Binary oxide clusters were prepared by solgel technique. To
prepare the samples, the ratio of starting solutions was taken
as 0.48:0.162:0.0923:0.031for H2O: C2H5OH: HCL: TEOS.
2wt% Neodymium oxide was introduced in the pre-hydrolyzed
solution in the form of nitrate under heating. The pH of the
resultant solutions was 6. It was observed that the gelation
act after approximately 3 days. To this end, it was noticed
that the samples were transparent and colorless while the
color of the doped samples was glassy violet-purple due to
the presence of neodymia. The powder form of the pure
samples was obtained by agate and pastel. The powder
samples were calcined in muffle furnace (KSL 1600X, MTI)
in air at different heating rates i.e., from room temperature up
to 500ºC at 2ºC/h and after that 4ºC/h from 500ºC to 850ºC.

mailto:sunit_80@yahoo.com


5 2 International Journal of Electronics Engineering

3. RESULTSAND DISCUSSION

3.1 XRD

Fig. 1 shows the XRD data of Nd2O3-SiO2 calcined in air at
different temperatures (500-850ºC) for different hours. The
powdered sample calcined at 500ºC (3h) shows no particular
reflection peak, which infers that the powder is still
amorphous. When the calcination temperature was increased
up to 700ºC and clamped for the 3h, a significant change in
the pattern of reflections can be clearly seen. The two major
but broad reflections appeared at angle 2θ~29.2º and 31.0º.
However, when the sample was annealed in vaccum at 850º
a weak reflection was appeared [6]. A significant phase change
in RE-SiO2 observed when the temperature was further
increased from 700ºC. It was noticed that broadening of the
reflection pattern (2θ ~ 31.5º) reduced, while intensity of the
broad reflection 28.7º increased. The broad reflection may
be ascribed as a initial phase of tetragonal α-Nd2Si2O7 [6].
The sharpness of reflection at 31.7º was increased as well as
when the sample was sintered at 850ºC for comparatively
longer time (3h). However, at 850ºC (3h) the phase (111)
disappeared and a weak and broad reflection occurred at
2θ = 28.60.  The narrow diffraction pattern was employed to
estimate the mean crystallite size from Scherrer formula and
found ~30 nm.

Fig. 1: XRD Pattern of the Nd2O3-doped Silica Powder
Sample Annealed at 5000C (3h), 7000C (3h) and

8500C (3h) for Different Times.

3.2 FTIR

FTIR transmittance spectra (range 1500 – 500 cm–1) of the
heat-treated doped powdered samples are shown in Fig. 2.
These spectra provide valuable information about the phase
composition as well as bonding in the sintered composites.
In FTIR spectrum of the sample sintered at 700ºC for (3h),
800, 970 and 1090cm–1 are the characteristics bands of
amorphous SiO2. The band at ~800 cm–1 may be assigned to
vibration modes of ring structure of SiO4 tetrahedra.
However, when the sample was sintered at 850ºC for 3h, many
discrete bands appeared between 640 to 970 cm–1. The

characteristics band of neodymium silicates appeared around
905 cm–1 and this band may be explained by the absorption
due to asymmetric stretching mode vibration of Si-O-Nd bond.

Fig. 2: FTIR Spectra of Nd2O3-doped Silica at Different
Temperatures: 500ºC, 700ºC (3h), and 850ºC (3h).

3.3 SEM

In order to study morphology of the heat treated samples,
SEM micrographs are shown in figure 3 (a, b and c). With
increasing annealing temperature and time duration,
improvement of crystallinity. One may notice that Nd2O3 are
not being dispersed uniformly throughout the silica matrix,
as a result the structure of the clusters is irregular for this
samples calcination < 800ºC for three hour. It is expected that
concentration quenching screens uniform distribution of
neodymium oxide in the silica matrix. At 850ºC (micrograph)
exhibits that the most of the structure of Nd2Si2O7 similar to
rod shaped.

Fig. 3: (a) SEM Photograph of Nd2O3 : SiO2 at 500ºC
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Fig. 3: (b) SEM Photograph of Nd2O3 : SiO2 at 700ºC,

Fig. 3: (c) SEM Photograph of Nd2O3 : SiO2 at 850ºC

4. CONCLUSIONS

Using solgel method RE:SiO2 binary oxides in different structures
were successfully obtained upon heat treatment in air. At
500-850ºC various intermediate Nd silicates grow depending
on the annealing temperature and annealing time. During
annealing, the aggregation in powders is due to solid state
bonds formed between nanoparticles and the gel. Finally,
cubic Nd2O3 nanocrystallites phase was found at 850ºC.
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