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INTRODUCTION

The current development of textile industry has increased
the use of dyes, that can pollute the environment. The waste
produced from the textile industry is generally non-biodegra-
dable organic compounds, which can cause the aquatic pollu-
tion [1]. Moreover, dyes in the water bodies can also affect
the diversity of waters, because dyes block the penetration of
light entering the water [2].

Methylene blue is one of the thiazine dyes that is often
used by the textile industry, because of the price and the
availability. Methylene blue is a basic dyestuff that is important
in the process of fabrics colouring. The methylene blue can
cause several negative effects, such as irritation of the digestive
tract, cyanosis and irritation to the skin [3]. Because of its
dangerous nature, a good method is needed to remove dyes
from industrial waste water before being released into the
aquatic environment.

In general, many methods of handling textile waste have
been developed including the adsorption method and memb-
rane filtration process. The disadvantage of the membrane
filtration method is that the short service time and regular
membrane replacement can add to the costs. Above all the
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processes for removing colour, the adsorption method is a
widely applied process [4]. However, this method turned out
to be less effective because the textile dyes adsorbed accumu-
lated in the adsorbent which would cause new problems [5].

In addition, the degradation method uses microbial
assistance and is a bioremediation system that is widely applied
to industrial waste treatment systems [6]. However, processing
with this method requires a large area. Moreover, complex
structure dyes that are removed will be difficult to degrade.
Chemical methods such as coagulation or flocculation which
can remove colour were introduced to overcome some problems
relating with organic waste treatment [7]. However, processing
using this method is likely to cause a new disposal problem
because it may produce a considerable amount of chemical
sludge which requires relatively high costs. In addition, the
mud produced will also create new problems [8].

In general, these methods are quite effective but require
high operational costs. Relatively cheaper and more effective
methods are deserved. Alternatively, photodegradation method
is used. The photodegradation method is effective in decompo-
sing dyes with the help of photocatalysts and light into harmless
compounds such as H,O and CO, without causing new waste
[9]. The advantages of using photocatalysts include the ability
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of the catalysts to mineralize organic pollutants including
textile wastes which contain azo compounds, non-toxic, high
durability, low cost, fast and effective processes, reuseability
and environmental friendly [10].

The photocatalyst used in photodegradation process
accelerates the decomposition of the dyes simultaneously or
and continuously. The photocatalysts used usually are in the
form of semiconductors. Photocatalyst oxide semiconductor
materials that are often used are SiO,, TiO, and ZnO [11-13].
Silica is easily found in everyday life. The SiO, can also be
obtained from organic or inorganic materials. The SiO; is
applied in electronic devices, ceramics, cement adsorbents and
is often used as a catalyst. In addition, SiO, can be used as a
support that serves to increase catalyst efficiency.

Some researchers [14-16] improved photocatalytic acti-
vities by modifying the SiO,. The addition of metals in SiO,
material is able to increase the spectral response to the visible
area resulting in band gap shiftings [17].

The copper oxide is a p-type semiconductor with E,
between 1.2-1.9 eV [18] and suitable for photodegradation
under visible light. In other hand, nickel oxide has a high
catalytic activity [19]. The high surface area of metal oxide
catalysts can be obtained from the calcination of the metal
salts at high temperatures. Similarly, the supported metal oxide
catalysts can be prepared by calcinating the supported metal
salts. The supported metal salts can be prepared using impreg-
nation method, which is relatively inexpensive, easy and effec-
tive [20]. The use of (Cu-Ni)O, @SiO; catalyst, which is prepared
using impregnation method, for the photodegration of the
methylene blue under the sunlight exposure is reported.

EXPERIMENTAL

Impregnation method has been used to prepare the
catalysts. The (Cu-Ni)O,@SiO, was made by mixing a pro-
portional amount of Cu(NOs),-:3H,O (Merck, 99-104 %) and
Ni(NOs3),-6H,O (Merck, 99.99 %), with 1.994 g of SiO, (E
merck), where the mole percentages of Cu:Ni to Siis 0.3:0 %;
0.2:0.1 % and 0.15:0.15 %, followed by addition of distilled
water to a total volume of 30 mL, stirring and evaporating to
get an almost dry mixture. To the dry mixture 96 % ethanol
solution was added and stirred and followed the addition of
methanol and filtered. The isolated residue was air dried for
24 h. The dry residue was calcined at 800 °C for 4 h. Procedures
were repeated using variations in the concentration of (Cu-
Ni1)O,@Si0; (0.3:0 %; 0.2:0.1 % and 0.15:0.15 %).

The adsorption of methylene blue on the (Cu-Ni)O,@SiO,
was observed at the dark environment. The 0.1 g of (Cu-
Ni)O,@Si0, was mixed with 50 mL of 10 ppm methylene blue
solution in a 100 mL Erlenmeyer flask. The mixture was placed
on top of the shaker in a dark compartment. The extract
absorbance was measured at 0, 5, 10, 15, 20, 25, 35, 65, 95
and 125 min using spectronic working on a wavelength of
663 nm. The same procedure was undertaken under sunlight.

The powder of (Cu-Ni)O,@SiO, was studied by using
XRD, SEM-EDX and UV-visible DRS. The XRD diffracto-
grams of (Cu-Ni)O,@SiO, were collected by using X-ray
diffraction Rigaku Multiflex, with the Cu-Ko radiation, in the
20 range from 5°-80°. The UV-visible spectrum of (Cu-Ni)O,@SiO,

was recorded as a function of wavelength using the UV-visible
1700 Pharmaspec spectrophotometer specular reflectance. The
samples of (Cu-Ni)O, @SiO, were put into cuvettes and measured
using a UV-visible spectrophotometer in a wavelength range
of 200-800 nm. Surface morphology analysis and composition
of (Cu-Ni)O,@SiO, were qualitatively analyzed using scanning
electron microscopy-electron dispersive X-ray analyzer JEOL
JED-2300 operating in 15 kV and 5000x magnification.

RESULTS AND DISCUSSION

The grayish white (Cu-Ni)O,@SiO, catalysts have been
prepared. The XRD difractograms of (Cu-Ni)O,@SiO, can
be seen in Fig. 1. A wide and weak peak at 20 =21.6° indicating
tridimite SiO, (PDF data No. 39-1425) is observed. This is
also confirmed by Srisittipokakun et al. [21] who prepared
CuO/SiO; using bioorganic SiO,. The catalysts particle size
determined using Scherrer equation [22] is 9.09 nm. Unfor-
tunately, the XRD difractograms unable to trace the presence
of Cu or Ni species supported on the silica surface.
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Fig. 1. XRD difractogram of (Cu-Ni)Ox@SiO, where (a) Cu:Ni = 0.2:0.1
and (b) Cu:Ni = 0.15:0.15

The (Cu-Ni)O,@SiO; catalyst morphology is dominated
by irregular form particles having a rough surface and a range
particle size of 1 to 15 um (Fig. 2). The EDA method informs
the presence of the elements qualitatively, but not quantitatively
for the Cu and Ni metals (Fig. 3). This is probably caused by
the too small number of those metal specieses on the support.

UV-visible spectrometry measurements were carried out
for (Cu-Ni)O,@SiO, samples at wavelength range of 200-800
nm. The UV-visible spectra of the catalysts indicate that each
sample experiences energy absorption at a certain wavelength
(Fig. 4). The UV-visible absorbance peak of (Cu-Ni)O,@SiO,
where Cu:Ni = 0.3:0 shifts towards the right, that is to the visible
light region. This is promising since the sun light facilitates
more visible than UV light. When compared to SiO, having
large band gap energy and working only under UV light, the
Si0, supported CuOy is expected to broaden the working of
the irradiation area of SiO, and reduce the band gap energy,
so that (Cu-Ni)O,@SiO, where Cu:Ni =0.3:0 may work effec-
tively under visible light.
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Fig. 2. SEM micrograph of (Cu-Ni)O,@SiO, where (a) Cu:Ni = 0.2:0.1 and (b) Cu:Ni = 0.15:0.15
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Fig. 3. EDX spectra of (Cu-Ni)O,@SiO, where (a) Cu:Ni = 0.2:0.1 and
(b) Cu:Ni = 0.15:0.15
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Fig. 4. UV-visible spectra (Cu-Ni)O,@SiO, where Cu:Ni = (a) 0.3:0, (b)
0.2:0.1 and (c) 0.15:0.15

The band gap energy affects the photocatalytic ability of
a catalyst. Reflectance data are applied in the Kubelka-Munk
equation [23] to calculate the band gap energy (E,) of catalysts.
The determination of band gap energy by the Kubelka-Munk
method involves graphs of hv vs. (F(R".. x hv))"? presented in
Fig. 5.

The band gap energy of (Cu-Ni)O,@SiO, catalyst is
described in Table-1. The CuO, band gap energies (Egl and
Eg2) are as low as beween 2.20 to 2.77 eV which are in agree-
ment with the findings of Salavati-Niasari & Davar [24] and
Dubal et al. [25]. Whereas the NiOy has band gap energy in
the range of 3.4-4.3 eV, as stated by Rifaya et al. [26] suppor-
ting nickel and copper oxides onto silica can cause lowering
band gap energy of silica.

TABLE-1
BAND GAP ENERGY OF (Cu-Ni)O,@SiO, CATALYST
WHERE Cu:Ni = (a) 0.3:0, (b) 0.2:0.1 AND (c) 0.15:0.15

(Cu-Ni)O, @Si0,, Band gap energy (eV)
Cu:Ni = Egl Eg2 Eg3
0.3:0 2.20 2.59 4.00
0.2:0.1 2.31 2.63 3.74
0.15:0.15 241 2.77 3.43

The methylene blue adsorption test on the catalyst is carried
out in the dark environment, in order to avoid photocatalytic
reactions. The concentration of methylene blue unadsorbed
by the (Cu-Ni)O,@Si0O; catalyst where Cu:Ni = 0.3:0, 0.2:0.1
and 0.15:0.15 is observed at a perieod of time (Fig. 6). The
addition of Ni in the catalysts decreases the adsorption of
methylene blue.

Catalyst adsorption capacity was determined using the
Langmuir and Freundlich equations [27], which then the
isotherm patterns can be identified. Technically the Langmuir
isotherm pattern is determined by using a graph relating bet-
ween the concentration of methylene blue adsorbed on 1 g of
catalyst (C/m) versus the unadsorbed methylene blue concen-
tration (C). Whilst the Freundlich isotherm pattern is deter-
mined by a graph of relation between the log amount of methylene
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Fig. 5. Graphs of hv vs. (F(R’.. x hv))"* to determine the band gap energy of (Cu-Ni)O,@SiO, catalyst where Cu:Ni = (a) 0.3:0, (b) 0.2:0.1

and (c) 0.15:0.15

blue adsorbed on every 1 g of catalyst (log X./m) versus log
concentration of unadsorbed methylene blue (log C). Based

on the graphs, line equations for catalyst can be formulated
and listed in Table-2.

In general the R” of the Langmuir is more than the value
of the Freundlich isotherm pattern. So it can be concluded
that the adsorption of methylene blue by the (Cu-Ni)O,@SiO,
catalysts follows the Langmuir isotherm pattern.
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Fig. 6. Concentration of methylene blue unadsorbed by the (Cu-Ni)O,@SiO,

catalyst where Cu:Ni = 0.3:0 (black line), 0.2:0.1 (red line) and
0.15:0.15 (blue line)

TABLE-2
LANGMUIR AND FREUNDLICH LINE
EQUATIONS OF (Cu-Ni)O, @SiO, CATALYST

(Cu-Ni)O, @Si0,, Langmuir line Freundlich line
Cu:Ni = equations equation

0.3:0 y=0.0698x — 0.0389  y=-0.4585x + 1.5605

= R*=0.9953 R’=0.9551
0.2:0.1 y =0.0707x — 0.0453 y =-0.4662x + 1.579

- R*=0.9922 R*=0.926
. y = 0.0665x — 0.0428 y =-0.369x + 1.5679

0.15:0.15 R’ = 0.955 R’ = 0.8247

The adsorption capacity of the (Cu-Ni)O,@SiO; catalysts
can be determined by a calculation using a line equation from
the Langmuir isotherm pattern. The Langmuir equation model
assumes that adsorption is occured in the monolayer system
of a homogeneous catalyst. The adsorption capacity of the
(Cu-Ni)O,@SiO; catalysts is listed in Table-3. The (Cu-Ni)O,@
Si0,, Cu:Ni=0.30:0.00 has the highest adsorption capacity.
This might be the oxide of copper blocks part of SiO, support
surface, resulting a smaller surface area and so the smaller
ability to adsorb methylene blue.

TABLE-3
ADSORPTION CAPACITY OF (Cu-Ni)O, @SiO, CATALYST
(Cu-Ni)O, @Si0,, Cu:Ni =
0.3:0.0
0.2:0.1
0.15:0.15

Adsorption capacity (mol/g)
25.7069
22.0751
23.3645

The concentration of methylene blue decreases with
increasing sunligh irradiation time. This proves that the photo-
degradation of methylene blue is occured in the presence of
the (Cu-Ni)O,@SiO; catalyst and sunlight. The effectiveness
of degradation for the methylene blue in 120 min sunlight
irradiation using the (Cu-Ni)O,@SiO,, Cu:Ni =0.3:0, 0.2:0.1
and 0.15:0.151s 65.01 %, 63.48 % and 52.11 %, respectively.

Conclusion

The XRD and SEM-EDA methods not supported the
presence of Cu and Ni specieses on the surface of silica. However

the band gap of the samples clearly indicate that the oxide of
Cu and Ni is supported on the silica surface. In general crease
the band gap of silica allowing the catalyst can be applied under
visible light which is abundant in the sun light. The effective-
ness of (Cu-Ni)O,@Si0O,, Cu:Ni=0.3:0,0.2:0.1 and 0.15:0.15
to degrade the methylene blue in 120 min sunlight irradiation
is 65.01, 63.48 and 52.11 %, respectively.
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