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Abstract: Zinc nitrate hexahydrate [Zn(NOs)-6H,0] and sodium hydroxide [NaOH] were used as source reagents in the
preparation of ZnO nanoparticles in an aqueous solution containing deionized water and ethanol in a ratio of 2:5 (v/v). ZnO
nanoparticles were heated in an electric furnace at 700°C for 2 h under an atmosphere of inert argon gas. The morphological
and structural properties of the nanoparticles were characterized by scanning electron microscopy (SEM) and powder X-
ray diffractometry (XRD). UV-vis spectrophotometry was used to analyze the photocatalytic degradation of 3-nitrophenol
with ZnO nanoparticles as photocatalyst under ultraviolet irradiation at 254 nm. Evaluation of the kinetic of the photo-
catalytic degradation of 3-nitrophenol indicated that the degradation of 3-nitrophenol with ZnO nanoparticles obeyed the

pseudo-first order reaction rate model.
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Introduction

Nitroaromatic compounds are amongst the most refractory
pollutants in industrial wastewater.! Among these nitroaro-
matic compounds, the isomers of nitrophenol have broad
applications for herbicides, dyes, plasticizers and pesticides.*
Nitrophenols can contaminate drinking water sources, taint
fish meat, and cause damage to the ecosystem and human
health.! All three isomers, o-nitrophenol (o-NP), m-nitrophe-
nol (m-NP) and p-nitrophenol (p-NP) are toxic, teratogenic,
mutagenic and cancerogenic.’

Therefore, the removal of these organic pollutants has
become a pressing issue that must be solved. Various meth-
ods such as biological degradation, physical treatment, elec-
trochemical oxidation, and photocatalytic oxidation have
been proposed to remove nitrophenols from the environ-
ment.®” However, due to the toxicity of nitrophenols towards
microorganisms, biodegradation is inefficient.!” Physical
treatment can be performed by utilizing physical adsorption
to reduce the content of pollutants in wastewater.!! It was
well known that the process of adsorption is nondestructive,
so to completely remove the organic pollutants, a further step
is needed. Therefore, a combined chemical-physical process
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is the conventional treatment in industrial wastewater for
organic pollutants.'*"

In recent decades, with the development of nanotechnol-
ogy, increasing numbers of nanomaterials have been syn-
thesized for applications in optics, sensors, catalysts, photo-
catalysts and information storage.'* Many metal nanoparti-
cles or metal oxide nanoparticles have been synthesized as
catalysts for the reduction of organic compounds with suit-
able reducing agents like NaBH,.'>!® Murettin Sahiner et al.
investigated the reduction of nitrophenols using cobalt
nanoparticles.'* Similarly, the degradation of nitrophenols by
irradiated light on TiO, was reviewed by Maurino et al..’ In
the research of Binxia Zhao et al., 4-nitrophenol was degraded
by Fe-TiO, as a heterogeneous photo-Fenton catalyst.’

Recently, researchers have applied photocatalytic processes
to wastewater treatment.!”!® Photocatalytic degradation, as a
chemical-physical process, represents a promising technique
for the degradation of organic pollutants because the catalysts
used in this process are mostly nontoxic.'>!” The photodeg-
radation of nitrophenols under UV irradiation mainly involves
the reaction of nitrophenols with oxygen in aqueous solution
to form carbon oxide and water.”’ Investigations of the pho-
tocatalytic degradation of nitrophenols by using semicon-
ducting nanomaterials has attracted much attention due to
their many other potential applications toward air and water
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purification. For example, Chen et al. reported that 4-nitro-
phenol can be photodegraded in a TiO, suspension which has
also been extensively used as a semiconductor catalyst.*
ZnO also has potential applications in similar fields due to
its similar band gap energy when compared with TiO,.>! The
band gap energy of TiO, is 3.2 eV, and the band gap energy
of ZnO ranges between 3.2 and 3.3 eV.> Metal oxide semi-
conductors are becoming increasingly popular photocatalysts
and ZnO has been frequently used due to its low cost, non-
toxicity and excellent photocatalytic activity.>*

In this study, we prepared ZnO nanoparticles by annealing
the products of zinc nitrate hexahydrate and sodium hydrox-
ide at 700°C. The efficiency of ZnO nanoparticles in the pho-
tocatalytic degradation of 3-nitrophenol under ultraviolet
irradiation was analyzed by UV-vis spectrophotometry.

Experimental
1. Chemicals and Instruments

Zinc nitrate hexahydrate [Zn(NOs),'6H,O] and sodium
hydroxide (NaOH) were obtained from Samchun Chemicals
(Korea). Ethanol (C,HsOH) was obtained from Sigma-Aldrich,
Inc. 3-Nitrophenol was supplied by Tae Jin Chemical. All

chemicals were used directly without any further purification.
A hot-plate magnetic stirrer (MS-300HS) was used for stir-
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ring the solutions. The structure of the nanoparticles was
examined by XRD (Bruker, D8 Advance). SEM (JEOL Ltd,
JSM-6510) at an accelerating voltage of 0.5 to 30 kV was
used to observe the surface of the nanoparticle samples. An
electric furnace (Ajuon Heating Industry Co., Ltd) was used
to heat the samples at 700°C for 2 h under atmosphere of
inert argon gas. UV-vis spectroscopy (Shimazu UV-1691PC)
with a wavelength range from 200 to 800 nm was used to
evaluate the photo-degradation process. Photo-degradation of
3-nitrophenol was performed using a UV lamp (8 W, 254
nm/365 nm, Marne La Vallee-Cedex, France).

2. Preparation of ZnO nanoparticles

Each amount of (0.01 mole) zinc nitrate hexahydrate
[Zn(NO3),-6H,0] and (0.1 mole) sodium hydroxide [NaOH]
were dissolved in a mixture of 6 mL deionized water and 15
mL ethanol. Then, the mixture of zinc nitrate hexahydrate
and sodium hydroxide was stirred for 20 min. After 1 h of
ultrasonic treatment, the ZnO nanoparticle precursor was fab-
ricated. ZnO nanoparticles were then synthesized by anneal-
ing the ZnO precursor in an electric furnace at 700°C for 2
h under an atmosphere of inert argon gas.

3. Photocatalytic degradation of 3-nitrophenol with ZnO
nanoparticles
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Figure 1. XRD pattern of ZnO nanoparticles.
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The photocatalytic activity of ZnO nanoparticles was investi-
gated by the degradation of 3-nitrophenol (3-NP) under ultra-
violet irradiation. ZnO nanoparticles (5 mg) were added to
a 10 mL 3-nitrophenol solution (0.05 mmol L") in a glass
vial. The suspension was left in the dark for 30 min to
achieve adsorption-desorption equilibrium. Then, the glass
vial was irradiated by UV-lamp at 254 nm at a distance of
1 cm. The photocatalytic degradation of 3-nitrophenol with
ZnO nanoparticles as photocatalyst was recorded by an UV-
vis spectrophotometer at 30 min intervals.

Results and Discussion
1. Crystal structure and morphology of ZnO nanoparticles

ZnO nanoparticles synthesized from zinc nitrate hexahy-
drate and sodium hydroxide were found to have good crys-
tallinity and large surface areas. The crystal structure of the
ZnO nanoparticles was examined by XRD in Figure 1. The
XRD spectra showed peaks at 31.8°, 34.5°, 36.3°, 47.6°
56.7°, 62.9°, 66.4°, 68.0°, 69.2°, 72.6° and 77.1° as 20 values,
which can be assigned to (100), (002), (101), (102), (110),
(103), (200), (112), (201), (004) and (202) ZnO nanoparticle
crystal planes, respectively.” The sharp and significant peaks
indicate that the synthesized ZnO nanoparticles have a small
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Figure 2. SEM image of ZnO nanoparticles.

crystallite size. The morphological studies of the ZnO nano-
particles are displayed in Figure 2. Analysis of the SEM
image showed that the ZnO nanoparticles have a porous
structure and large surface area.

2. Photocatalytic degradation of 3-nitrophenol with ZnO
nanoparticles

The photocatalytic activity of the ZnO nanoparticles was
investigated in the degradation of 3-nitrophenol under ultra-
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Figure 3. UV-vis spectrum of 3-nitrophenol photodegradation with ZnO nanoparticles as photocatalyst under 254 nm UV irradiation.
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Figure 4. Kinetic study for photodegradation of 3-nitrophenol using ZnO nanoparticles as photocatalyst under 254 nm UV irradiation.

violet irradiation at 254 nm. Figure 3 shows the effect of the
Zn0O nanoparticles on the photocatalytic degradation of 3-
nitrophenol. After the ZnO nanoparticles and 3-nitrophenol
mixture achieved adsorption-desorption equilibrium, the reac-
tion vial was irradiated by UV-lamp at 254 nm. With the
increasing irradiation time, the color of the solution changed
from deep yellow to light yellow, and the absorption intensity
of 3-nitrophenol at 330 nm decreased, indicating the deg-
radation. The kinetic data of the photocatalytic degradation
of 3-nitrophenol was fitted to a pseudo-first order reaction
rate model, which is shown in Figure 4.

Conclusion

In this study, we synthesized ZnO nanoparticles with a fac-
ile method, and impurities in ZnO nanoparticles were
removed by washing and calcination at 700°C. The synthe-
sized ZnO nanoparticles were determined to have good crys-
tallinity and small crystallite size by XRD. The large surface
area of the ZnO nanoparticles facilitated the effective photo-
degradation of 3-nitrophenol. Photocatalytic degradation of
3-nitrophenol with ZnO nanoparticles was also shown to fol-

low a pseudo-first order reaction mechanism.
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