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1- Introduction

In recent decades, the issue of environmental pollution has
become one of the fundamental challenges of the global
community due to the widespread use of toxic chemicals
in various industries. Among the common environmental
pollutants, pollution caused by toxic pigments is of
particular concern. Toxic pigments such as black acid and
brown acid, which are used in various industrial processes,
can be a major source of water pollution and health hazards
for humans and the environment. In order to solve this
problem, active research is being conducted to develop
effective and sustainable technologies for removing toxic
pigments from water. One of the practical approaches for
removing toxic pigments is the use of photocatalytic
materials. In photocatalysis, catalytic nanomaterials are
used as photoactivators to initiate and improve chemical
processes by absorbing sunlight. One of the catalytic
materials that has attracted much attention in this field is
graphene. Considering the above, it can be concluded that
photocatalytic graphene nanocomposites with nickel
ferrite and nickel oxide can be used as effective candidates
in the removal and destruction of toxic dyes. The results of
UV-Vis analysis for graphene-nickel ferrite-nickel oxide
samples are presented, and the difference in light
absorption in the visible-ultraviolet range is investigated.

2- Research Methodology

In this section, we will review the research methodology
for the synthesis of graphene-based photocatalyst
nanocomposites with a combination of nickel ferrite and
nickel oxide for the removal of toxic acid black and acid
brown dyes. After the successful synthesis of the
nanocomposites, we plan to analyze the structural,

morphological, and optical properties in detail. This
research utilizes a combination of advanced
nanomaterials, specifically graphene, nickel oxide, and
nickel ferrite. These distinct nanomaterial compounds,

characterized by their unique properties, are selected with
the intention of creating a synergistic nanocomposite
tailored for photocatalytic applications. The primary
objective is to harness the enhanced properties of these
materials in addressing the removal of toxic dyes,
specifically targeting acidic black and brown dyes.
Graphene, a two-dimensional carbon allotrope, is
renowned for its exceptional electrical conductivity,
mechanical strength, and large surface area. Nickel oxide,
as a metal oxide component, contributes to the
nanocomposite's catalytic activity. Meanwhile, nickel
ferrite, with its magnetic properties, adds another
dimension to the composite's functionality. The deliberate
combination of these materials aims to exploit their
individual strengths, offering a comprehensive solution for
the efficient degradation of toxic dyes through
photocatalysis. This nanocomposite synthesis represents a
strategic approach to overcoming the limitations of
traditional photocatalytic materials, addressing issues such
as recombination of electron-hole pairs and ensuring
optimal performance in the removal of acid black and
brown dyes. We will use techniques and equipment such
as scanning electron microscopy (SEM) and ultraviolet-
visible spectroscopy (UV-Vis) for these purposes. In the
following, the photocatalytic performance of the
nanocomposites in the removal of toxic acid black and acid
brown dyes will be evaluated by experimental tests and
using UV-Vis absorption curves.

3- Experiment Method

Graphene synthesis method using the Hammer method is
one of the most common methods for producing graphene.
This method usually starts with graphite as a precursor.
First, graphite is selected as a precursor. Then, this
graphite is prepared layer by layer or in powder form. An
ice bath (zero temperature) is prepared using
permanganate and potassium nitrate. Graphite is placed

*Manuscript received January 20, 2025, Revised July 27, 2025, Accepted November 12, 2025.
1 MDs. Department Of Physics ,Science and Research Branch, Islamic Azad University, Tehran ,Iran.
2 Corresponding Author: Assistant professor, Department Of Physics ,West Tehran Branch ,Islamic Azad University, Tehran, Iran.

Email: ramezani.1972@gmail.com



https://jmme.um.ac.ir/article_47520.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://jmme.um.ac.ir/
https://doi.org/10.22067/jmme.2025.91746.1178
https://orcid.org/0000-0003-1938-2216

Kareem Khaleel Ibrahim Jburi, Amir Hoshang Ramezani

84

layer by layer in the ice bath and combined with the
resulting mixture of permanganate and potassium nitrate.
Graphite oxidation occurs in the ice bath and leads to the
formation of graphene. The resulting graphene has
different oxygen groups on the graphene structure. After
the oxidation process is completed, graphene is obtained,
which can be in powder or liquid form. Heat is applied to
the graphite to reduce the oxygen groups and convert it
into graphene. Finally, graphene is formed in the form of
three-dimensional clusters.

4- Results

The results of UV-Vis analysis for graphene-nickel ferrite-
nickel oxide samples are presented, and the difference in
light absorption in the visible-ultraviolet range is
investigated. Explanation of UV-Vis absorption analysis
on pure brown acid at different time intervals (30, 60, 120
min) is shown in Fig. 9. At this time, the brown acid
sample (pure) is exposed to visible-ultraviolet waves, and
the light absorption in this range is measured. Changes in
the light absorption spectrum in the visible-ultraviolet
range indicate the molecular and color characteristics of
the sample at that particular time. Over the 60 min time
period, changes in light absorption may indicate changes
in the molecules of the sample. An increase or decrease in
the light absorption at some time points may be related to
changes in the structure or preparation of the sample.

5- Conclusion

In this study, graphene, nickel ferrite, and nickel oxide
were combined to produce photocatalytic nanocomposites
for the removal of toxic acid black and brown dyes. The
experimental results show that the nanocomposites
obtained from this study are able to effectively and
efficiently remove toxic acid black and brown dyes. The
results also show that adding graphene to the
nanocomposite improves its magnetic properties and
introduces the final sample as a magnetic material with
strong properties. Considering the above, it can be
concluded that photocatalytic graphene nanocomposites
with nickel ferrite and nickel oxide can be used as effective
candidates in the removal and destruction of toxic dyes.
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Synthesis of Graphene-based Photocatalyst Nanocomposites Combined with Nickel Ferrite and Nickel
Oxide in order to Remove the Toxic Dyes of Acid Black and Acid Brown

Kareem Khaleel Ibrahim Jburi Amir Hoshang Ramezani

Abstract The synthesize graphene-based photocatalytic nanocomposites incorporating nickel ferrite (NiFe,O,) and
nickel oxide (NiO) for the efficient removal of toxic acidic black and acidic brown dyes have been investigated. The
synthesis process was meticulously executed using hammer, microwave, and macro-waves methods to enhance the
nanocomposite's structure and properties. Comprehensive analytical studies employing scanning electron microscopy
(SEM), X-ray diffraction (XRD), vibrating sample magnetometry (VSM), and UV-Vis spectroscopy were conducted to
assess the magnetic and photocatalytic characteristics of the synthesized nanocomposites. Additionally, antibacterial
tests were performed using Klebsiella bacteria to evaluate the potential antimicrobial properties. The results of the study
illustrate the significant impact of the synthesized nanocomposites in removing color pollutants, emphasizing their
potential as effective photocatalysts. Furthermore, the nanocomposites exhibit notable antibacterial properties,
showcasing their multifunctional applications. The research not only recommends further refinement of the synthesis
process and optimization of nanocomposite properties but also suggests broader applications in diverse fields,
considering the multifaceted nature of the developed materials.

Keywords Photocatalytic nanocomposite, Graphene, Nickel ferrite, Nickel oxide, Toxic.
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