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ABSTRACT

Nanocomposite of NiAl2O4/SiO2 (NAS) was prepared
through insitu sol- gel reaction, in which NiAl2O4

nanocrystals were dispersed in the silica glassy matrix. The
prepared dried NAS gel, at 338 K, was heat treated to
different temperature and identified the temperature range
(1083 – 1163 K) of the nanocomposite formation through
XRD patterns. From XRD patterns, crystallite size of
NiAl2O4 particles dispersed in the silica matrix was
calculated using Scherrer’s equation and size of the
crystallites is found to be ≈ 8 nm. The structure and thermal
behavior of NAS nanocomposite was identified
respectively through FTIR and DSC measurements.
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DSC

1 Introduction

Nanocomposites are important class of materials
because of many of their physical and chemical properties
show particle size dependence [1-4]. Nano structured metal
(Zn, Mg, Ca) aluminate, with spinel structure, dispersed in
SiO2 glassy matrix materials are found to exhibit improved
properties such as great thermal stability, hardness, etc. and
thus, gained interesting importance in the technological
applications like optical, refectories, high alumina cement
oxidation catalysts, etc. [5-7]. Nanocomposite materials can
be obtained by controlling both the size and polydispersity
of the particles in the host matrix through various synthesis
methods, under specific conditions, like sol-gel, solid state
reaction, etc. [8]. Wide varieties of glass, glass-ceramic
monoliths, nano-structured powders, etc. are synthesized
through sol-gel technique, since it has many advantages
over other methods like low temperature processing, high
chemical homogeneity, and purity, etc. Hence, the above
mentioned advantages focused our attention to synthesize
nanocrystals of spinel structured NiAl2O4 dispersed in SiO2

glassy matrix through insitu sol-gel reaction and
characterize by XRD, FTIR and DSC.

2 Experimental

2.1 Sol-gel process

Nanocomposite of NAS gel sample were prepared
through sol-gel process, following the composition as 5%
NiO-6%Al2O3-89%SiO2, using precursor chemicals of
tetraethylorthosilicate (TEOS), Al(NO3)3.9H2O and NiNO3.
Fig. 1 shows flow chart for preparing 5%NiO–6%Al2O3-
89%SiO2 (NAS) xerogel through sol-gel process. The
precursors were mixed according to their respective
molecular weight percentages as mentioned above. The
ratio of water to TEOS is maintained as 16:1. The solution
was stirred for 2 hrs at 338 K and then allowed to form gel
at same temperature.

Fig.1. Flow chart for NAS sample preparation by sol-gel
process

Transparent green colored monolithic gels were obtained at
338 K and dried at the same temperature for about two
weeks. The obtained xerogel was heat treated at 338, 673,
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873, 1083, 1123 and 1163 K for two hours at each
temperature and is characterized by XRD, FTIR and DSC.
The nucleation of NiAl2O4 crystals appeared at 1073 K and
further heated to 1163 K for the growth of the crystals,
which was monitored by recording XRD patterns. The
synthesis of sol to gel and insitu reaction for the formation
of NiAl2O4/SiO2 (NAS) composite is described as follows.

Si(OC2H5)4 + Al(NO3)3 + Ni(NO3)2 + H2O

338 K NiO-Al2O3-SiO2 (gel)

NiO-Al2O3-SiO2 (gel) 873 K NiO-Al2O3-SiO2 (glass)

NiO-Al2O3-SiO2 (glass)

1083K NiAl2O4/SiO2 (nanocomposite)

X-ray diffraction spectra were recorded for NAS sample
heat treated at different temperatures using a Rigaku makes
miniflex diffractometer with Cu-Kα radiation of wavelength
λ = 1.5418 Ao between 70 - 3o, 2θ values, at a scan rate of
2o per minute. All samples were prepared with KBr in the
form of pellets at room temperature for recording FTIR
spectra. FTIR spectra were recorded for NAS sample to
monitor the progress of the dried gel to glass and also the
formation of their bond linkages at different temperatures
using a Shimadzu FTIR-8300/8700, in the range 4000 - 400
cm-1, 40 nscan. DSC curves were recorded using a Mettler
Toledo Stare System, Module DSC 821e/500/575/414183/
5278 under nitrogen atmosphere at a heating rate of 1K/min
for the fine powdered NAS sample placed in an aluminum
pan covered with a lid and pressed using the micro
pelletizer to form a thin button pellet.

3 Result and discussion

3.1 XRD

Fig. 2 shows the XRD patterns of the NAS sample heat
treated in the temperature range 338 – 1163 K. From fig. 2,
the observed peak free XRD patterns confirmed that the
sample heat treated in the temperature range of 338 – 1073
K remained amorphous in nature. Further, NAS sample
heat treated to higher temperatures showed the formation of
peaks corresponding to crystalline NiAl2O4 phase with a
broad peak centered at 22o, which is characteristic
diffraction pattern of the amorphous phase of SiO2 glassy
matrix [9]. In fig. 2, sample heat treated to 1083 K showed
a clear formation of very broad peaks at 35o, 45o and 65o of
2θ value. All the observed peaks were assigned by
comparing with the

F
ig.2. XRD spectra for NAS sample heat treated at various
temperatures

respective JCPDS data and confirmed the formation of
crystalline NiAl2O4 phase. On further heating the NAS
sample showed the growth of NiAl2O4 crystals and the
broad peak centered at 22o remained same, which
confirmed the dispersion of crystallite NiAl2O4 in the SiO2

glassy matrix. The crystallite size was calculated using
Scherrer’s equation: D = 0.9λ/(βcos θ), where λ X-ray
wave length (0.15418 nm), β is full-width half maximum
(FWHW) of the peak, and it is found to be ≈ 8 nm. Hence,
the XRD patterns confirm the formation of NiAl2O4/SiO2

nanocomposite.

3.2 FTIR

Fig. 3 shows the FTIR spectra of the NAS sample, gel to
crystalline, heat treated at 338, 673, 1073 and 1123 K.
From fig. 3, sample heat treated at 338 K, the observed that
the broad bands in the regions of 3500 - 3380cm-1 and 1650
- 1635cm-1 may be attributed respectively to stretching and
bending vibrational modes of O-H of molecular water and
the Si-OH stretching of surface silanol hydrogen bond to
molecular water [10, 11]. The band at 1376 cm-1 and 816
cm-1 may correspond to the presence of nitrate groups. The
bands at 1234, 1104, 796 and 464 cm-1 are attribute to the
stretching and bending vibrations of Si-O-Si bonds. The
heat treated NAS sample at higher temperatures (673 –
1123 K) showed the disappearance of band positions of
3465, 1640, 1376 and 816 cm-1. The broad band at 1087 -
970 cm-1 and 799 cm-1 may be due to stretching mode of
broken Si-O- bridges [12]. The band at 462 cm-1
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corresponds to the deformation mode of Si-O-Si. The
appearance of bands at 680 and 580 cm-1 for the sample
heat treated at 1073 K is attributed to the formation of
spinel structure and the intensity of these bands increases
with

Fig.3. FTIR spectra for NAS sample heat treated at various
temperatures

temperature [13]. Hence, the FTIR spectra confirm the
formation of NiAl2O4 structure together with SiO2

amorphous matrix to form the nanocomposite, which is in
accordance with the XRD results.

3.3 DSC

Fig. 4, shows the DSC curve for dried NAS gel obtained
at 338 K. From fig. 4, the DSC curve showed a broad

Fig.4. DSC curve for dried NAS gel heat treated at 338 K

endothermic peak between 353 K – 438 K may corresponds
to the loss of water molecules present in the dried gels
capillaries. From fig. 4, it is important to note that there is
no exothermic peak is observed, which may be attributed
that there is no formation of crystallization in the sample till

720 K. Thus, DSC results are in accordance with the XRD
pattern, where NAS sample showed the amorphous nature
till 1050 K.

Conclusions

Green colored transparent NAS gel was prepared at 338 K
and on heat treat tthe NiAl2O4/SiO2 nanocomposite could be
obtained through new insitu sol-gel process. XRD pattern
confirmed that the NAS gel heated to different temperatures
is found to be amorphous till 1073 K. Further heat
treatment, XRD pattern revealed the formation of crystallite
NiAl2O4 particles dispersed in the silica glassy matrix and
their crystalline size was found to be ≈ 8 nm. Formation of
the spinel NiAl2O4 structure together with the SiO2

amorphous matrix was confirmed from the FTIR results.
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