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Abstract

This study investigates the process of hydrothermal synthesis to create a nano-composite (NiO-BS-GO)
by incorporating Boron (B) and Sulfur (S) into Nickel Oxide (NiO) together with Graphene Oxide
(GO). The resulting nanocomposite exhibits improved photocatalytic characteristics. The combination
demonstrated a substantial enhancement in both optical and photocatalytic degradation of methylene
blue (MB) and Rhodamine B (RhB) when exposed to visible light. This improvement is credited to the
greater surface area, enhanced charge separation, and increased absorption of visible light. The
nanocomposite composed of NiO-BS-GO exhibited remarkable stability and reusability, indicating its
promising suitability for environmental remediation purposes.

Keywords: Photocatalytic activity, nanocomposites, Nickel Oxide (NiO), doping, boron sulfur,
graphene oxide

Introduction

Water pollution is a pressing environmental problem that requires effective photocatalysts
for treating wastewater ['*, Nickel Oxide (NiO) exhibits potential, but its photocatalytic
activity needs enhancement. The characteristics can be enhanced by doping NiO with Boron
(B) and Sulfur (S) and adding Graphene Oxide (GO) 1%, Water is an essential and diverse
feature for all living organisms, and contamination of water resources demands careful
consideration "8, Industrial effluent, including pesticides, herbicides, dyes, and organic
pollutants, is a significant source of water pollution >V, Even trivial amounts of these
pollutants can significantly impact ecosystems and contribute to climate change . The
dyeing processes and various industrial activities release effluents containing colorful, non-
biodegradable, and hazardous chemicals. Such wastewater is a major contributor to methane
emissions (about 10%), leading to global warming. Thus, treating wastewater before its
release into rivers is imperative to minimize environmental damage. Non-biodegradable
chemicals and soluble dyes are among the primary causes of water pollution !> !4,

Due to overcrowding, food consumption, and industrialization, water pollution is rising ['>
161 In developing countries, lakes and rivers are heavily contaminated, making this problem
worse. Water shortages and microbiological and chemical pollution plague many rural
communities. The UNO estimates that 50% of impoverished nations' populations suffer from
health issues from dirty drinking water. Even though the world possesses 3% freshwater
reserves, only 0.01% is appropriate for human use, and waterborne illnesses kill 5 million
people annually U7'°l. As population grows, freshwater scarcity for sustainable living
becomes a serious challenge !,

Graphene Oxide (GO) is ideal for visible-light-responsive nanocomposites. Because GO
speeds up light-induced charge carrier recombination 226, Graphene Oxide (GO) accepts
electrons from copper sulfide's conduction band 27?1, This mechanism slows recombination
by lengthening electron paths . When Boron (B) is doped into the z-framework of GO,
flaws increase its surface area, generating more adsorptive sites for pollutant molecules [3!-33,
Doped graphene oxide contains nitrogen, phosphorus, iodine, and boron 3433,
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Boron doping is notable because its size matches graphene
oxide, allowing it to fit into the lattice structure and increase
charge resistance 36-381,

BGO has been intensively explored for its potential in
environmental and energy applications because boron adds
active sites around graphene oxide's edges * 401 Photo
catalytic pollutant breakdown using B-doped graphene
oxide and semiconductor materials has received little
attention *-*41, Because graphene oxide is selectively doped
with non-metal atoms. BGO-based nanocomposites' ability
to degrade pollutants needs further study “3-481,

This study shows a very efficient two-step technique for
creating BGO-CuS by doping carbon-based Graphene Oxide
(GO) with non-metal (B) and linking it with CuS via
hydrothermal synthesis >3, The novel nanocatalyst was
tested for its photocatalytic breakdown of Methylene Blue
(MB) in sunshine P*3¢. Boron as a dopant in graphene

Characterization techniques
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oxide reduced the bandgap and increased -electrical
conductivity. The initiative seeks to build a photocatalyst
that increases photocatalytic activity under sunlight [57-38],

Materials and Methods

Synthesis of NiO/GO composite with B and S doping

The composite was fabricated by a hydrothermal technique:
Combine 1.5 grams of nickel nitrate hexahydrate
(Ni(NO:s)2-6H20), 0.2 grams of boric acid (H:BO3), and 0.3
grams of thiourea (CHaN:S) in 40 milliliters of deionized
water. Introduce 0.5 grams of graphene oxide (GO) and
subject it to ultra-sonication for a duration of 30 minutes.
Place the mixture into a Teflon-lined autoclave with a
capacity of 100 mL and heat it at a temperature of 180 °C
for a duration of 12 hours. Rinse the product using
deionized water and ethanol, followed by drying at a
temperature of 60 °C for duration of 24 hours 3962,

Technique Main information derived Remark

XRD Crystal structure, composition, grain size Limited for amorphous materials
XAS Chemical state, interatomic distances Requires synchrotron sources

SAXS Particle size, distribution, growth kinetics Lower resolution, good for in-situ analysis
TEM Size, morphology, crystal structure High-resolution, extensive sample preparation
SEM Surface morphology, elemental composition Quick imaging, less effective for bulk analysis
XPS Surface chemical states, elemental composition Ultra-high vacuum required, surface-focused
FTIR Surface composition, ligand binding Limited structural information

SQUID Magnetization, blocking temperature Complex equipment, high sensitivity
VSM Magnetization through M-H plots, ZFC-FC curves Similar to SQUID, less accessible

Parameter Techniques suitable
Size TEM, XRD, DLS, SAXS, SEM, AFM
Shape TEM, HRTEM, AFM, FMR

Elemental composition

XRD, XPS, ICP-MS, SEM-EDX

Crystal structure

XRD, EXAFS, HRTEM, electron diffraction

Size distribution

DCS, DLS, SAXS, NTA, ICP-MS

Chemical state

XAS, EELS, XPS, Mdossbauer

Growth kinetics

SAXS, NMR, TEM

Surface composition

XPS, FTIR, NMR, SIMS

Surface area

BET, liquid NMR

Surface charge

Zeta potential, EPM

Concentration ICP-MS, UV-Vis
Agglomeration state Zeta potential, DLS, SEM
Density DCS, RMM-MEMS

Single particle properties

Sp-ICP-MS, HRTEM, liquid TEM

3d visualization

3D-tomography, AFM, SEM

Dispersion in matrices

SEM, AFM, TEM

Structural defects

HRTEM, EBSD

Detection of NPs

TEM, SEM, STEM

Optical properties

UV-Vis-NIR, PL, EELS-STEM

Magnetic properties

SQUID, VSM, Maossbauer, FMR

The XRD patterns verified the presence of a face-centered
cubic structure in NiO, along with extra peaks suggesting
the successful doping of B and S, as well as the presence of
GO. The Scanning Electron Microscope (SEM) images
revealed that the NiO-BS-GO composite possesses a sheet-
like structure, which is distinct from the spherical shape of
pure NiO.

The presence of Ni, B, S, O, and carbon (from GO) was
confirmed using EDX analysis. The UV-vis spectroscopy
analysis showed that the composite material had a reduced
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band gap energy, which suggests that it has an improved
ability to absorb visible light.

BET analysis and optical analysis of nanocomposites

The specific surface area of nanocomposites such as NiO-
BS-GO can be determined using nitrogen gas adsorption
data and the Brunauer-Emmett-Teller (BET) method. In a
study, the BET surface areas of these nanocomposites were
found to be 25.24 m?/g. This high surface area indicates that
doping results in a significant increase in surface area.
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Fig 1: FESEM image of nickel oxide doped with boron and sulphur and GO

Result

Photo catalytic activity: The assessment of photo catalytic
activity involved the degradation of methylene blue (MB)
using visible light irradiation. Distribute 50 milligrams of
the photo catalyst evenly in 100 mL of MB solution with a
concentration of 10 mg/L. Agitate in darkness for a duration

of 30 minutes to achieve a state of adsorption-desorption
equilibrium. Expose to radiation using a 300 W Xenon lamp
equipped with a visible light filter. Extract 5 mL samples at
consistent time intervals, subject them to centrifugation,
then evaluate them using a UV-vis spectrophotometer.
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Fig 2: Photocatalytic activity of NiO-BS-GO nanocomposite

The relationship between doping and structural integrit
The structural stability of NiO can be enhanced by doping it
with Boron (B) and Sulfur (S). The substitution of nickel
and oxygen atoms in the NiO lattice with boron and sulfur
atoms results in the formation of a stronger structure that
exhibits enhanced resistance to deterioration over time. The
use of Graphene Oxide (GO) creates a robust and pliable
framework that sustains the NiO particles. Graphene oxide
(GO) sheets function as a framework, preventing the
clustering of NiO particles and preserving a large surface
area, which is essential for efficient photocatalytic
performance.

~g2~

Enhanced electrical charge division and decreased
combination of charges

The process of charge separation is enhanced by the
combination of B and S doping and the integration of GO,
resulting in improved charge separation. The recombination
of electrons and holes in photo catalysis is mitigated due to
the presence of dopants, which induce localized states that
effectively capture and immobilize the charge -carriers.
Enhanced Electron Transfer: The inclusion of GO improves
the channel for electron transfer, hence diminishing the
likelihood of electron-hole recombination. As a result, this
enhances the efficiency of photo catalytic activities and
extends the effective lifespan of the material.
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Increased surface area and catalytic sites

The Nano composite structure, consisting of Graphene
Oxide (GO) sheets dispersed with Nickel Oxide (NiO)
particles, offers an expanded surface area. This guarantees
the presence of a greater number of active sites for photo
catalytic processes, hence improving both the overall
activity and stability. Catalytic sites are formed by the
introduction of dopants and Graphene Oxide (GO). These
sites exhibit enhanced reactivity and stability by effectively
inhibiting the sintering or agglomeration of NiO particles,
hence preserving the active surface area.

Photocorrosion resistance

Photocorrosion resistance: The addition of Boron (B) and
Sulfur (S) to NiO improves its ability to resist
photocorrosion. Photocorrosion is a prevalent problem in
photo catalysts, characterized by the deterioration of the
material due to extended exposure to light. Dopants serve to
enhance the stability of the NiO lattice, hence reducing its
vulnerability to photo corrosion.

GO Protection: Graphene Oxide (GO) functions as a
protective barrier that absorbs a portion of the
photogenerated holes, thereby diminishing the oxidative
stress on nickel oxide (NiO) particles. This defensive
mechanism additionally improves the resilience of the
composite.

Discussion

Due to its photocatalytic and stability, the NiO-BS-GO
nanocomposite is a diverse and powerful environmental
solution. Multiple applications of this sophisticated material
have shown remarkable efficiency, contributing to
environmental sustainability.

It can be used in following applications

1. Aquatic filtration and effluent processing: The
nanocomposite effectively remediates industrial and
municipal wastewater by degrading organic pollutants
including colors and medications. Its visible light
photocatalytic activity breaks down persistent organic
pollutants (POPs), minimizing their environmental
impact.

Air purification: NiO-BS-GO decomposes VOCs from
industrial operations, cars, and domestic objects,
reducing indoor and outdoor air pollution. It improves
air quality by degrading NOx and SOx emissions in
ventilation systems.

Solar-powered disinfection: The nanocomposite's
photocatalytic capabilities enable pathogen inactivation
in fluids and surfaces. It is essential for purifying water
and maintaining cleanliness in remote and disaster-
stricken places.

Soil remediation: NiO-BS-GO effectively treats
organic and heavy metal-contaminated soils. It breaks
down complex organic pollutants to bioremediate
damaged places and restore soil.

Environmental sensing and monitoring: The
material's sensitivity to environmental changes enables
detection and monitoring, enhancing environmental
management and protection.

Power generation: NiO-BS-GO’s effective conversion
of visible light into chemical energy enables hydrogen
synthesis via water splitting. This approach promotes

~63~
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sustainable energy and reduces pollution and energy
shortages.

Sustainable coatings: Nanocomposite coatings on
buildings, windows, and solar panels create self-
cleaning surfaces. Decomposing organic waste and
impurities on these surfaces reduces maintenance costs
and increases material durability.

Conclusion

This research describes how NiO-BS-GO nanocomposite
improved photocatalytic materials. This nanocomposite is
made by adding Boron (B), Sulfur (S), and Graphene Oxide
(GO) to Nickel Oxide (NiO). Hydrothermal synthesis
yielded a nanocomposite with improved photocatalytic
capabilities, as shown by the degradation of methylene blue
(MB) and Rhodamine B (RhB) under visible light.
NiO-BS-GO nanocomposite photocatalytically breaks down
organic dyes better. Due to its increased surface area, charge
separation, and light absorption, the nanocomposite
improves. Doping boosted the surface area and catalytic
active sites of the nanocomposite, resulting in a BET surface
area of 25.24 m?/g. The nanocomposite was stable and
reusable, making it ideal for long-term environmental
rehabilitation. Boron (B) and Sulfur (S) Strengthened NiO,
while Graphene Oxide (GO) provided a strong framework
that inhibited particle aggregation and maintained a wide
surface area.

NiO-BS-GO is ideal for wastewater treatment, air
purification, solar-powered disinfection, soil remediation,
and sustainable coatings due to its photocatalytic properties
and durability. Degrading POPs, VOCs, and viruses makes
this material versatile and effective in addressing
environmental challenges. The study illuminated the
mechanisms that improve photocatalytic activity. These
approaches increase charge separation, surface area, and
photocorrosion resistance. B and S doping with GO

integration improved electron transport and reduced
electron-hole recombination, improving photocatalytic
performance.
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