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ABSTRACT - Nanocomposite SiO,/Ni-Cu was synthesised using simple chemical phase
method and their structural characterizations were evaluated by X-ray diffraction (XRD) and
Fourier Transform Infra Red (FTIR) spectroscopy techniques. The prepared nanostructure
towards Methylene blue dye degradation was evaluated by using UV-Vis spectrophotometer.
It has been found that SiO,/Ni-Cu of Nanocomposite exhibited superior degradation ability
owing to the large surface area and high absorption ability of the composite.
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1. INTRODUCTION

Nanoscience and technology has
become an identifiable, if very broad and
multidisciplinary, field of research and
emerging applications in recent years. It is
one of the most visible and growing research
areas in materials science in its broadest
sense.  The International  Technology
Research Institute, World  Technology
Divison (WTEC), supported a panel study
of research and development status and
trends in nanoparticles, nanostructured
materials, and nanodevices during 1996-
1998[1]. This report attempted to cover the
very broad field of nanostructure science and
technology. A conclusion of the report is that

better understanding of the relationships
between nanostructure and properties and
how these can be engineered [2-8]. In recent
years much attention has been paid to silica
(Si02) nanoparticles, owing to their large
pore volume, high surface area, tunable pore
Sizes, narrow Size distribution, nontoxic
nature, good surface permesability, highly
ordered hexagona structure with narrow
pore size distribution, and large surface area,
which aid the constructive applications of
SiO; as an effective catalyst in photocatal ytic
application [9-11]. However, SiO, exhibits
certain disadvantages such as low chemical
stability in aqueous medium, functionality
degradation, unfavorable charge distribution,
and heterogeneous €electron transfer. An
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extreme interest has been generated by
metals, such as Co, Ni, Cu and Fe, since they
exhibit superior catalytic activity [12-17].

2. MATERIALS AND METHODS
2.1 MATERIALS

Ethanol, ammonia, tetra ethyl ortho
silicate (TEOS), Nickel chloride hexahydrate
(NiCl26H,0),Copper Chloride (CuCly) were
purchased from sigma—Aldrich . All
reagents were of anaytical grade and were
used as without further purification. The
ethanol is distilled through vacuum
distillation and the distilled ethanol is used
for the synthesis of silicaand silica
nanocomposites.

2.2. PREPARATION OF SILICA
NANOPARTICLES
The silica nanoparticles were

synthesized by using the following
procedure. In the mixture of 80 ml absolute
ethanol, 2 ml deionized water and 2.6ml
ammonia, tetraethyl orthosilicate (TEOS) 1.6
ml was added by drops under constant
stirring. The above solution mixture stirred
for about 2 h at the room temperature, and
the formed white precipitate was
centrifugally separated from the suspension,
and washed with three times absol ute ethanol
and water.

2.3 Preparation of Nickel Doped Silica
Nanoparticles

To fabricate the Nickel doped
composite, 0.1 g of silica was ultrasonically
dispersed in 10 mL deionized water to form
a suspension, and then 0.05g of Ni Cl, and
0.1ml of ammonia were added under stirring.
The suspension was heated to 80 °C, and
refluxed at that temperature for 2 h. Then,
the sample was separated by centrifugation
to obtain a green precipitate.
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2.4. PREPARATION OF NICKEL
COPPER DOPED SILICA

NANOPARTICLES

0.1g of slica was ultrasonicaly
dispersed in 10ml of ethanol and 0.025g of
Ni Cl, and 0.025g of CuCl,Then 0.1ml of
ammonia added to the mixture stir for 4
hours. Then, the sample was separated by
centrifugation to obtain a dark green
precipitate.

25 EVALUATION OF MB DYE

DEGRADATION.

The prepared Nanocomposite
material was evaluated for the degradation of
MB. 25 mg Nanocomposite material were
mixed with 50 ml 10 mg/L MB solution.
Afterwards, the mixture was magneticaly
stirred in the dark for 1 h to reach the
complete absorption-desorption equilibrium,
the prepared Nanocomposite materia were
separated by centrifugation in a dark
environment. The concentration of the
remained MB was analyzed by measuring
the absorption intensity a featured
wavelength of 664 nm.

3. RESULTS AND DISCUSSION
3.1. XRD PATTERN

The XRD patterns of as-synthesized
SiO, /Ni and SiO, /Ni—Cu nanostructures are
depicted in Fig. 1 .The sharp peak found at
24.08, which is related to the (100) reflection
plane of SO, In addition to the
characteristic broad peaks at 46.6, 52.4, 68.2
° corresponding (111), (200) and (220)
planes indicate the presence of Ni in the
prepared SiO, /Ni nanosturctures.
SiO, /Ni-Cu preserved the (100) reflection
plane of SIO, and (111), (200) and (220)
planes of the Ni. The additiona (111) plane
found at 40.2 ° is confirm the presence of Cu
in the prepared SiO, /Ni-Cu composite.
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Figure 1- XRD patternsof SiO,/ Ni and SiO,/ Ni-Cu composites

3.2. FT-IR STUDIES

The FT-IR spectra of SIO, SiO,/Ni
and SiO,/Ni—Cu are provided in Fig.2. SO,
exhibited a broad band at 3447 cm™, which
is attributed to the stretching vibration of Si—
OH groups. The S-O-Si symmetric
stretching and Si—-O bending vibrations of
SiO, were observed at 1098 and 800 cm™,

respectively. For the SiO,/Ni—Cu composite,
the bands observed at 960 and 570 cm®
signify the Si—-O-Ni and Si-O-Cu stretching

vibrations, respectively, further
demonstrating that silanol groups are
effectively involved in the composite

formation of metal nanoparticles with SiO,.
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Figure 2- FTIR spectrum of SiO, SiO,/ Ni and SiO,/ Ni—-Cu composites

3.3. MB DYE DEGRADATION

EVALUATION STUDIES

The photocatalytic activities of
prepared nanostructures toward MB dye
degradation in the presence of H,O, under
solar light irradiation were monitored by

using UV-Vis spectroscopy and the results
are shown in Fig.3. The photocatalytic
decomposition of MB was calculated by
using the formula:

% of degradation = (COC;Ct

)x1oo
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where C, is the initial MB concentration and
C: is the concentration of MB at time t. The
characteristic SPR bands of MB were located
a 664 and 614 nm, which are attributed to
the n-m* and 0-1 vibration transitions,
respectively. The aforementioned significant
SPR bands of MB dye were gradually
decreased upon the addition of H,O, as
evidenced from the absorption intensity
values. The dissociation of H,O, under the
sun light generated free hydroxyl (‘OH)
radicals, which attacked the MB framework
a different sites including unsaturation
points and initiated the MB dye degradation.

HO,+hy ___, 2OH
Although MB was degraded by H,0,, the
observed degradation rate was found to be
minimum (49.1 %) (Fig. 4a) with the
minimal decolorization, which urges the
need for the exploration of catalytically

active nanostructures to enhance the
degradation rate.
Hence, SO, nanostructure was

employed as an active catalyst for the
degradation of MB dye and the degradation
rate was increased to 60.3 % (Fig.4b). The
existence of OH groups over the surface of
SiO, nanostructures effectively interacted
with cationic MB through the electrostatic
interaction and hydrogen bonding, which
enhanced the effective adsorption of MB
dye. However, the degradation process was
limited in SO, nanostructures. This
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limitation was tackled with the ad of
SiO,/Ni catalyst, wherein the degradation
rate was significantly improved to 65,4%
(Fig.4c). The enhancement in the
photocatalytic performance is associated
with the visible light responsiveness of
peroxidise behaviour of Ni in the SiIO./Ni
composite. But SiO,/Ni nanostructures suffer
with high agglomeration in an agueous
medium and limited electrical conductivity,
which restricted its MB degradation rate.

The aforementioned  significant
limitations were effectively trounced by
SiO2/Ni—Cu composite. The improvement of
the photocatalytic activity can be suggested
to enhance the charge separation derived
from the coupling of the Ni-Cu nanoalloy
and SiO, nanoparticles. Two advantages,
extending the photoresponse of large
bandgap SO, and effectively separating the
photogenerated electrons and holes, exist in
this system. The small energy levels of the
conduction and valence bands allow the Ni-
Cu dloy to act as visible-light sensitizers for
nano- SIO; in the degradation of MB and
gave rise to the 92.7% of degradation (Fig.
4d). In addition, Ni-Cu alloys are favorable
for photogenerated electrons from SiO,,
which  hinders the recombination of
photogenerated electrons and holes. Thus,
pure SiO, and SiO./Ni only exhibits weak
visible light photocatalytic activity, but the
photoresponse could be extended into the
visible region after coupling with Ni-Cu.
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Figure 3- UV-Vis spectra of MB degradation processinfluenced by SiO,/Ni-Cu observed at atime
interval of 15 min
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Figure 4- The effect of ((a) H,O, and H,O, mediated (b) SiO, nanoparticles, (c) SIO./Ni and (d) SiO/Ni-
Cu on the degradation of MB dye as a function of time

CONCLUSION

SiO,/Ni-Cu  Nanocomposite  with
large surface area and pore volume were
synthesised using a simple and effective
chemicd method. The XRD patterns
revealed the highly crystalline nature of the
prepared samples. Owing to the larger
surface area, extended catalytic active sites
and the synergic effects, SiO./Ni-Cu
exhibited a faster degradation rate (92.7%)
toward MB dye degradation under the
identical conditions. Thus the proposed
research strategy has not only widened the
scope of preparing the SiO, supported Ni-Cu
alloy materia but has aso explored their
applications in dye degradation technology
with the time and cost efficient path way.
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