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use waste water by its treatment. This treated water can be used in various sectors e.g.,

agriculture, leather industry, textile industry and in chemical reactors etc. The oxides of
semiconductor nanoparticles are effective catalyst which are used in wastewater treatment.
Ethylene glycol is used in sol-gel method to synthesize NiO/ZnO nanocomposites. ZnCl2
along with NiCI2.6H20 were used as precursors during synthetization of NiO/ZnO
nanocomposites. We used various techniques such as Thermogravimetric Analysis (TGA),
Differential Scanning Calorimetry (DSC), Fourier Transform Infrared Spectroscopy (FTIR)
and particle size analysis for synthesis of the nanocomposites which confirm that these
nanocomposites act as catalyst.
Keywords: Sol-gel method, Methylene blue, photo catalyst, Nano composites.
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Introduction

The availability of water has become a serious concern globally, because most of diseases
are water borne. This concern leads the researchers to make proper treatment of wastewater.
This treatment must be cost effective enough so that it can be used at large scale. The major
benefit of recycled water is to save huge amount of pure water by reusing recycled water in
agriculture, textile and in other industries. The oxides of semiconductor nanoparticles are
effective catalyst which are used in wastewater treatment [1].

Zinc Oxide is n-type in nature which has a band gap of 3.2ev. ZnO has unique
characteristics such as nontoxicity, photo catalytic activity, quantum efficiency, photosensitivity
and the low cost [2]. It has micro-structural benefits due to which it is used in many devices e.g.,
gas sensors, Light Emitting Diodes (LEDs), Field Effect Transistors (FETSs), Piezoelectric
devices and the solar cells. Many researchers proved that ZnO is used as photo-catalytic for
degradation of organic pollutants. Coupling of different semiconductors having variable energy
levels have increased their functional properties as reported by many researchers [2, 3, 4, 5]. The
integration of two semiconductor oxides having different polarity such as n-type and p-type
results in P-N junction and generates the effective electron pair.

Nickle oxide is p-type semiconductor having a band gap of 3.5-4.0ev. It has a number
of applications in catalysis, chemical sensors, magnetic materials, electro chromic films,
photovoltaic devices, and gas sensing instruments [3].

This study aims at synthesizing NiO/ZnO nanocomposites using ethylene glycol and
involves the use of NiO/ZnO nanopatticles for photo-degradation of methylene blue in visible
spectrum.

Materials and methods:

Nickel chloride hexahydrate, sodium hydro oxide and methylene blue were acquired
from sigma Aldrich, zinc chloride from Riedl-de Haen and Ethanol from labscan.
Preparation of NiO/ZnO nanocomposites:

About 0.013¢ zinc chloride and 0.024¢ of nickel chloride hexahydrate was dissolved in
10 ml ethylene glycol. This solution was stirred for 20 minutes at room temperature to make it
homogenous. About 20ml deionized water was added in 0.034g NaOH.

ZnCl; and NiCl.6H,O solution was shacked and the NaOH solution was added at
0.3ml/5 minutes up to the level when the pH of the solution was raised up to 9. This solution
was centrifuged at 12500rmp up to 2 minutes. The precipitates were put in oven for the whole
night and calcined at a temperature of 450°C up to 2 hours to get oxides out of hydroxides as
expression below:

NiCL.6H;O + ZnCl,+ 4NaOH 4NaCl + Ni(OH); + Zn(OH). + 6H,O
Ni** + Zn* + 40H" Ni(OH), + Zn(OH),
Figure 1 is showing the sequential flow of study to make nanocomposites of NiO/ZnO.
Dye degradation:

About 100ppm of Methylene blue solution was taken as stock solution. A 20ml was
taken out of stock solution into volumetric flask and mixed with 80ml of distilled water. A 20ml
of solution was put into the beaker from 20ppm solution and a quantity of 10mg NiO/ZnO
nanocomposites were taken in the same beaker and stirred for 1 hour.

This solution was passed through ultraviolet visible spectrophotometer to examine the
maximum wavelength of methylene blue. The absorption capacity was checked using ultraviolet
visible spectrophotometer at 659nm for a duration of 15 minutes. Figure 2 is describing the
step- by step flow of dye degradation.
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Figure 1 Scheme of NiO/ZnO Nanocomposite Preparation
Results and discussion:
Thermo Gravimetric Analysis (TGA).

TGA analysis reveal that the curve moved steep till it became flat in shape as shown in
Figure 3. In thermogram, molecules of water which were adsorbed till it became horizontal at
the temperature of 500 °C. Water molecules which were adsorbed, then dehydrated below the
temperature of 120 °C. Overall loss was about 9% which was about 17.28 gmol™ This change
might be due to the loss of water molecules that were adsorbed upon the surface of nano
composits.

The second loss which was observed at the temperature of 135 °C to 230 °C which was
about 6% having a mass of about 11.52 gmol™. This loss might be obtained by the disintegration
of solvents and the residues of ash.

The third loss was observed between a temperature range 250°C to 330°C which was
about 18%. It represented the changing of hydroxides to the oxides by losing two molecules of
water. It was observed no change in weight beyond a temperature of 550°C. This no change
confirms the presence of ZnO nanoparticles. Same results were recorded by various researchers
at various temperature ranges [4, 5, 6, 7, 8].

Differential Scanning Calorimetry (DSC).

The reference and the sample materials were exposed to a furnace and the changes were
observed in both materials. We observed two peaks in DSC. The first peak represents the de-
hydration of nickel hydro-oxide Ni (OH); at a temperature 270°C and the other one was
observed at a temperature 420°C which is proof of existence of zinc hydro-oxide as shown in
Figure 3.
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Figure 2 Degradation of Methylene blue using NiO/ZnO nanocomposites
Particle size Analysis:

The particles within a range of (1-100nm) are known as nanoparticles. Bt-90 was analyzer
which used to determine the particle size. The particle size was estimated after 1 hour during
synthesis. After one hour, the particle size was about 165nm having sutface area 15.11m*/g. The
particle size was computed as 135nm after two hours having surface area 19.32m?/g. After three
and four hours the particle size was declined to 75nm to 55nm and the surface area was increased
from 25.67m’/g to 37.21m*/g respectively as shown in table 1 and Figure 4.

Table.l. Particle size and surface area of nanoparticles.

St. No. | Time (Hour) |Particle size (nm) | Sutface area (m*/g)
1 1 165 15.11
2 2 135 19.32
3 3 75 25.67
4 4 55 37.21

Fourier Transform Infrared Spectroscopy (FTIS).

FTIR spectra was used to confirm the existence of functional groups in nanoparticles
that generated a curve as showing in Figure 5. A dip was observed at 3475cm™ which determine
the existence of O-H functional group. Another dip was observed at 1631cm™ which might be
due to the movement of water molecules in curvature according to researches [9, 10, 11].
Another dip was observed at 1416cm™ which show asymmetric stretching of C=O according to
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researches [12]. The dip at 638cm™ shows the vibrations of metal oxygen metal bond. The dip
formed at 475 cm™' represents the stretching of ZnO nanopatticles, which also confirm the
existence of NiO nanoparticles according to research [13].
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Figure 3. DSC curve of NiO/ZnO nanopatticles using Ethanol as a solvent
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Figure 4. Relationship between Particle size and Specific surface area with respect to time.
Degradation of Methylene Blue:

Methylene blue degradation was checked through NiO/ZnO nanocomposites using
spectrophotometer and a curve was formed in Figure 6. The process was executed in sunlight
and the absorption rate was computed for a duration of 15 minutes. It was observed that the
absorption rate decreased with passage of time due to decline of methylene blue concentration
as shown in Table 2.
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Figure 5 FTIR spectra of NiO/ZnO Nanocomposites
Table.2. Photocatalysis data of 20ppm methylene blue
Sr. No. | Time (min) |Absorbance
1 Blank 2.986
2 0 2.809
3 15 2.683
4 30 2.370
5 45 2.114
6 60 1.927
7 75 1.781
8 90 1.630
9 105 1.471
10 120 1.302
11 135 1.231
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Figure 6. Methylene blue absorbance with respect to time.
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Conclusion:

Sol-gel technique is efficient to determine the preparation rate of NiO/ZnO Nano

composites. Various characterization techniques such as DSC, Particle size analyzer, UV-Vis
and FTIR were performed. TGA analysis confirm the weight loss up to 18% which confirms
the existence of hydroxide nanocomposites. Particle size was confirmed by particle size analyzer.
Peak at 475 cm™ might be due to stretching vibrations of the nanoparticles of ZnO. The catalysis
activity checked by degradation of methylene blue in the presence of sun light. It was observed
that the concentration of the methylene blue decreased as the time of reaction passed. It
confirmed the catalytic activity of the NiO/ZnO nanocomposites.
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