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Abstract One of the main challenges faced by oil refinery industries is the presence of various organic compounds
as environmental pollutants in their effluents. Among the most effective methods for treating this type of
wastewater and degrading organic pollutants is photocatalysis. In this study, to improve the photocatalytic
performance of the ZnWO. semiconductor under visible-light irradiation, a heterojunction composite of ZnWO«
and NiCo2Ss was prepared. The heterojunction nanocomposites were synthesized using a hydrothermal method
with ZnWOs nanorods and NiCo2S4 nanoparticles. The nanocomposites were characterized by X-ray diffraction
(XRD), diffuse reflectance spectroscopy (DRS), field-emission scanning electron microscopy (FESEM), and
photoluminescence (PL) analyses. The results showed that the ZnWO4/NiCo:Sa heterojunction nanocomposite
containing 20 wt% NiCo2S4 exhibited the best photocatalytic performance. Furthermore, the results demonstrated
that the enhanced photocatalytic performance resulted from a decrease in the band gap energy, increased visible-
light absorption, and reduced electron—hole recombination, which promoted the more efficient generation of

oxidizing radicals such as hydroxyl and superoxide radicals.
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1. INTRODUCTION

Oil refinery wastewater contains various aliphatic
and aromatic organic pollutants that can pose a serious
threat to the environment (Mansour et al., 2024).
Various techniques have been developed for the
treatment of oil refinery wastewater (Guo et al., 2024).
The most important of these methods include
biofiltration, membrane  filtration, adsorption,
electrocoagulation, chemical coagulation, catalytic
thermolysis, and photocatalytic mineralization. Among
these techniques, photocatalytic degradation using
semiconductor photocatalysts has emerged as a
promising approach for removing organic pollutants
from contaminated environments because of its
numerous advantages, including high efficiency, cost-
effectiveness, the ability to degrade a wide range of
pollutants, and short reaction times.

In the present study, the photocatalytic performance
of ZnWOs was enhanced by fabricating a heterojunction
nanocomposite  with  NiCo2Ss+ to reduce the
recombination of photogenerated charge carriers and
increase visible-light absorption. Accordingly, a
heterojunction nanocomposite photocatalyst was
synthesized by compositing NiCo2S4 nanoparticles with
ZnWOs4 nanorods using a hydrothermal method. The
resulting photocatalyst was employed for the
photocatalytic purification of oil refinery wastewater
under artificial sunlight irradiation. The synthesized
nanocomposites were comprehensively characterized
using various analytical techniques.

2. MATERIALS AND METHODS

The ZnWO4/NiCo2S4 heterojunction nanocomposite
was synthesized from ZnWO4 nanorods and NiCo2S4
nanoparticles via a hydrothermal method. The
synthesized nanocomposite was then used as a high-
performance photocatalyst for the degradation of
organic pollutants in oil refinery wastewater under
artificial sunlight irradiation.

3. RESULTS AND DISCUSSION
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Figurel. XRD pattern of the ZnWO4/NiCo2S4 heterojunction
nanocomposite.
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As shown in the XRD pattern of the ZnWO4/NiCo2S4
heterojunction nanocomposite (Figure 1), the NiCo2S4
nanoparticles exhibit a cubic crystal structure, whereas
the ZnWO4 nanorods possess a monoclinic wolframite
crystal phase.

According to the FESEM image of the
ZnWO04/NiCo2S4 heterojunction nanocomposite (Figure
2), the NiCo2S4 nanoparticles are uniformly dispersed
over the surface of the ZnWO4 nanorods.

'

SEM HV: 15.0 kV WD: 2.76 mm
View field: 2.54 ym Det: InBeam 500 nm

Figure2. FESEM image of the ZnWO4/NiCo02S4
heterojunction nanocomposite.

The photocatalytic performance of the fabricated
photocatalysts was evaluated by investigating the
degradation of pollutants in oil refinery wastewater
under artificial sunlight illumination. For this purpose,
the total organic carbon (TOC) concentration was used
as an indicator of the total concentration of pollutants
present in the wastewater. The results are presented in
Figure 3.

As shown in Figure 3, the degradation percentage is
very low in the absence of any photocatalyst. In
addition, the NiCo:Ss photocatalyst does not exhibit
significant photocatalytic activity under visible-light
irradiation for the degradation of pollutants in oil
refinery wastewater, which is attributed to the high
recombination rate of photogenerated charge carriers in
this sample.

The ZnWO. semiconductor shows good
photocatalytic performance for the degradation of
pollutants in oil refinery wastewater under light
irradiation. The ZnWO4/NiCo2Ss  heterojunction
nanocomposites exhibit enhanced photocatalytic
performance, among which the ZnWO4/20NiCo02S4
heterojunction nanocomposite demonstrates the highest
photocatalytic efficiency. This improvement may be
attributed to the suppression of electron—hole
recombination and the reduction of the band gap energy,
which enhances visible-light absorption.
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Figure3. Photocatalytic activity of the prepared samples for
degradation of organic contaminants of oil refinery
wastewater under artificial sunlight.

4. CONCLUSION

In the present study, a ZnWO4/NiCo2S4
heterojunction nanocomposite was synthesized from
ZnWOs nanorods and NiCo2Ss nanoparticles via a
hydrothermal method and used as a high-performance
photocatalyst for the removal of organic contaminants
from oil refinery wastewater under artificial sunlight
irradiation. The synthesized samples were characterized
using X-ray diffraction (XRD), diffuse reflectance
spectroscopy (DRS), field-emission scanning electron
microscopy (FESEM), energy-dispersive  X-ray
spectroscopy (EDS), and photoluminescence (PL)
analyses. According to the obtained results, the
heterojunction nanocomposite containing 20 wt%
NiCo:Ss  exhibited the highest photocatalytic
performance. This enhanced performance can be
attributed to increased visible-light absorption, a
reduced band gap energy, a lower electron—hole
recombination rate, and the more efficient generation of
reactive oxidizing species, such as *OH and Oa
radicals.
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