
Volume 18, Issue 2, 182428 (1-6)

Journal of Theoretical and Applied Physics (JTAP)

https://dx.doi.org/10.57647/j.jtap.2024.1802.28

Synthesis of graphene/cobalt oxide nanocomposite by
pulsed laser ablation in water and its characteristics

Adeleh Granmayeh Rad1,* , Elham Darabi2 , Alaa Kadhim Manea2

1Department of Basic Science, Roudehen Branch, Islamic Azad University, Roudehen, Iran.
2Plasma Physics Research Center, Science and Research Branch, Islamic Azad University, Tehran, Iran.
∗Corresponding author: geranmayeh.r@gmail.com

Original Research

Received:
2 January 2024
Revised:
10 February 2024
Accepted:
14 February 2024
Published online:
10 March 2024

© The Author(s) 2024

Abstract:
This work aims to provide an overview of the synthesis and characterization method employed for
the graphene/cobalt nanocomposite, along with highlighting its applications. In this research, we
report the synthesis of graphene/cobalt nanocomposite using two-steps laser ablation technique.
The experiments were performed with the first harmonic (1064 nm, 10 ns, 6 Hz) output of a
Nd:YAG laser varying the operative energy of 100 mJ for graphene synthesis and 80 mJ for
cobalt synthesis. The structural, morphological and optical characteristics of the prepared samples
have been investigated using X-ray diffraction (XRD) analysis, field effect electron microscope
(FESEM), energy dispersive spectrum (EDX) and UV-Visible spectrophotometry. All characteristic
peaks of XRD and EDX results agreed well with those of graphene and cobalt oxide. The FESEM
images showed the formation of graphene nano sheets and Co or Co Oxide nanoparticles. The
average grain size of these nanoparticles was estimated about 25 nm.
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1. Introduction

Field of nanotechnology has witnessed significant advance-
ments in recent years, with researchers exploring various
synthesis and characterization techniques to develop novel
materials for various applications. One such material of
interest is the graphene/cobalt (Gr/Co) or graphene/cobalt
oxide nanocomposite. Metal nanoparticles and other inor-
ganic/organic species can be grown, doped, or adsorbed on
the surface of graphene to alter, enhance, and manipulate
its properties. If these particles are magnetic, the entire
nanocomposite may be magnetic as well, providing addi-
tional possibilities and uses for the created hybrids. Liu et
al. [1] present a unique method involving the use of a sacri-
ficial template and glucose molecules to form sandwiched
graphene @ (Li0.893Fe0.036) Co(PO4) nanoparticles. Robin-
son et al. [2] described the synthesis of cobalt nanoparticles
using pulsed laser irradiation of cobalt carbonyl in a so-
lution of stabilizing ligands. Dong et al. [3] discussed
the chemical vapor condensation method for synthesizing
cobalt nanoparticles using cobalt carbonyl as the precursor.
Wu et al. [4] focused on the sol-gel method for prepar-

ing Sm-Co nanoparticles using metal salts and complexing
agents. For Co-G composites (cobalt-vacancy defect [5] or
a single Co atom combined with vacancy in an armchair
graphene nanoribbon [6]), plane-wave Density Functional
Theory (DFT) studies were conducted. In this instance, it
was discovered that the metal donation gave the produced
composite magnetic characteristics. The subject of cobalt-
graphene nanocomposites was covered in several studies.
STM spin-excitation spectroscopy was used to examine indi-
vidual Co atoms on graphene on Pt (111) and their magnetic
properties. Three different hydrogenated species, each with
very different magnetic properties from the cobalt element,
were found to exist upon hydrogen adsorption [7]. It was
proposed that large magnetic anisotropy results from strong
ligand field effects that occur as a result of the interaction
of Co-G orbitals. Several papers investigated the cobalt
intercalation between graphene and Ir (111) using various
methods. As a result, X-ray magnetic circular dichroism
and photoemission were used to describe the cobalt layers
intercalated between graphene and Ir (111) [8]. In particu-
lar, a magnetic moment was created in the graphene layer
that was antiparallel to the cobalt’s magnetic moment. It
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Figure 1. Experimental setup for graphene/cobalt nanocomposite synthesis by laser ablation.

was discovered that magnetic ordering extended beyond
monolayer intercalation. Cobalt-intercalated graphene on Ir
(111) was examined using spin-polarized scanning tunnel-
ing microscopy and DFT computations in a similar research
[9]. The lattice mismatch between the graphene and the Co
on Ir (111) was found to be the cause of the high corruga-
tion within the Moiré pattern, which is caused by the strong
bonding between cobalt and graphene.
Overall, the literature on novel applications of graphene/-
cobalt nanostructure highlights their immense potential in
various fields. These nanoparticles, which are a combi-
nation of graphene and metal oxide nanocomposites, ex-
hibit unique properties that make them highly suitable for a
wide range of applications. From biomedical to electronics,
energy to environmental science, the research conducted
thus far demonstrates the significant impact that graphene/-
cobalt nanostructure can have on society. In the field of
biomedicine, graphene/cobalt nanostructures have emerged
as promising tools for drug delivery systems. The high
surface area and tunable properties of these nanoparticles
enable efficient loading and controlled release of therapeutic
agents. Moreover, their biocompatibility and low toxicity
make them ideal candidates for targeted drug delivery, mini-
mizing side effects and increasing therapeutic efficacy [10].
This research has the potential to revolutionize the treatment
of various diseases, providing more targeted, effective, and
personalized therapies.
Several studies have demonstrated the potential of these
nanoparticles to improve drug solubility, enhance drug tar-
geting, and increase therapeutic efficacy. However, there are
debates regarding the long-term safety and biocompatibility
of these nanoparticles, as well as challenges in achieving
controlled release and overcoming potential drug resistance
[11].
Graphene/cobalt nanostructure have shown promise in this
area by simultaneously delivering therapeutic agents while
providing real-time imaging of treatment efficacy. However,
challenges remain in terms of biocompatibility, targeted
delivery, and scalability for clinical applications.

From an energy perspective, the use of graphene/cobalt
nanostructure has demonstrated promising results in the
field of solar cells and energy conversion systems [12, 13].
The efficient light absorption, long charge carrier lifetime,
and excellent electron transport properties of these nanopar-
ticles enable enhanced photovoltaic performance. Addition-
ally, graphene/cobalt nanostructures have been utilized as
catalysts in various energy conversion reactions, such as
hydrogen evolution and oxygen reduction, due to their high
catalytic activity and stability. These findings contribute to
the development of sustainable and efficient energy conver-
sion technologies.
Graphene/cobalt nanostructures have attracted attention in
the field of energy storage and conversion. This theme ex-
plores their potential in areas such as lithium-ion batteries,
super capacitors, and catalysis for fuel cells. Significant
improvements in battery performance, capacitive proper-
ties, and catalytic activity have been reported. However,
challenges persist in terms of cost-effectiveness, long-term
stability, and scalability for industrial applications.
In terms of environmental science, the utilization of
graphene/cobalt nanostructure has shown potential for pol-
lution remediation and water treatment. This composition

Figure 2. X-ray diffraction spectrum of graphene/cobalt
nanocomposite.
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Figure 3. Field effect scanning electron microscope image of Gr/Co nanocomposite.

can efficiently remove organic pollutants, heavy metals, and
other contaminants from wastewater due to their high ad-
sorption capacity and catalytic properties [14, 15]. Addition-
ally, their antimicrobial properties make them effective for
disinfection purposes. The application of graphene/cobalt
nanostructure in environmental remediation can contribute
to the mitigation of water pollution and the preservation of
natural resources.
These nanoparticles have demonstrated effectiveness in
the removal of pollutants, heavy metals, and organic com-
pounds from water and soil systems. However, there are
concerns regarding potential ecological impacts and the
scalability of nanoparticle production for large-scale reme-
diation.

2. Experimental details

2.1 Synthesis of graphene/cobalt nanocomposite
A circular piece of high purity graphite, with a diameter of
6 mm and a thickness of 1.5 mm was used as the first target.
Another target was a circular piece of cobalt with a diameter
of 5 mm and a thickness of 1 mm (99.9% purity). Prior to
the experiment the targets underwent polishing using paper
and then were ultrasonically cleaned to remove any contam-
inants. Following that they were subjected to distilled water
with pH value of 7 and resistance equal to 5×106 Ω/cm.
In this study we employed the laser ablation technique to
produce nanocomposites of graphene/cobalt (Figure 1). To
accomplish this we utilized a Q Switched Nd:YAG laser
(ISO 3485 CE certified, trademarked HUAFEI, China) oper-
ating at a wavelength of 1064 nm. The laser pulse width was
10 ns, repeated at a rate of 6 Hz. Before passing through the
lens the diameter of the laser beam was measured as 2 mm.
After passing a lens with the focal length of 100 mm it was
estimated to be 28 µm, on the target surface. Graphite and
cobalt coins were irradiated with 250 pulses and 500 pulses
of 100 mJ and 80 mJ energy, respectively. The reason for
using different energies for graphite and cobalt targets was

that the ablation threshold energy of cobalt is higher than
graphite.
A laser beam with a wavelength of 1064 nm was irradiated
to a graphite target immersed in 3 mL of distilled water in
a beaker to form both carbon nanoparticles and graphene
nanosheets in the water. Then, the graphite coin was re-
moved to replace the cobalt coin in the nano-graphene solu-
tion, and the laser ablation process was performed. There-
fore, graphene/cobalt nanocomposites were prepared.

2.2 XRD analysis

To determine the structure of graphene/cobalt nanocom-
posite, the X-ray diffraction spectrum of the samples was
prepared. An X-ray diffractometer, D8 Advance Bruker
YT device under CuKα radiation with a wavelength of
λ = 1.5418 Å was used to study the crystallinity of the sam-
ples. The common method of analyzing materials based on
XRD pattern is using picks of XRDs graph and calculating,
to find out what materials exist in the sample. A simpler and
faster method of analyzing materials based on XRD pattern
is using software. In present work this has been done by
X’Pert high score software. The features of the diffractome-
ter were: focusing size of 1.0×10.0 mm, scanning mode
of 2θ , scanning interval of 5° – 75°, scanning speed (2θ )
of 0.1° /min, and scanning step (2θ ) of 0.01°. Specimen
preparation for XRD analysis was done as follows. 30 drops
of aqueous sample with suspended particles were deposited
over glass substrate and left it to dry.

2.3 FESEM analysis

Field Effect Scanning Electron Microscope (FESEM) im-
ages were used to analyze the morphological aspects and
particle size distribution of graphene/cobalt nanocomposites.
Examination of the surface morphology of the samples was
done using a field emission scanning electron microscope
(FESEM) model MIRA3TESCAN-XMU microscope, the
voltage used to take these images was 15 kV.
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Figure 4. EDX image of Gr/Co nanocomposite.

2.4 Optical properties
The UV-VIS-IR optical absorption spectra of Gr, Co and
graphene/cobalt nanocomposites were recorded in the re-
gion 190−900 nm by a spectrophotometer (CECIL 2700).
A dual beam spectrometer uses a reference beam and a
sampling beam that travels through the sample. Absorp-
tion spectra were collected at room temperature. Optical
constants were calculated using a computer program.

3. Results and discussion

3.1 XRD analysis of graphene/cobalt nanocomposite
The XRD pattern of the synthesized sample, deposited on
glass substrate is shown in Figure 2. The characteristic
peak located at around 26.48° is related to the graphene
nanosheets (JCPDS No. 01-0646) [16]. The observed
diffraction peak position at 2θ = 31.25 and 44.9° were
completely matched with the JCPDS card No: 073:1701 for
the Co3O4 structure. The broad peak appearing at 20° to 30°
is due to the glass substrate. These results propose the suc-
cessful synthesis of graphene/cobalt oxide nanocomposite.

3.2 Texture and morphology
3.2.1 FESEM microscopy
Figure 3 shows the FESEM images of prepared nanocom-
posite. In this figure, with different magnifications (scales of
200 nm (left) and 500 nm (right)), few nano sheets and many
spherical nano shapes can be clearly observed which corre-
sponds to layers of graphene and Co or Co oxide nanoparti-
cles, respectively. The average grain size of nanoparticles is
estimated about 25 nm. This morphology is well agreement
with the results of XRD pattern.

3.2.2 Energy dispersive X-ray spectroscopy
The chemical composition of Gr/Co nanocomposite was
analyzed using energy dispersive spectroscopy (EDX) and
the results are presented in Figure 4. The voltage used to
perform this test was between zero and 10 kV. In Figure 4,
the presence of carbon, oxygen and cobalt elements con-
firms the formation of graphene and probably cobalt oxide
in our nanocomposite. The emission peaks were observed
at 0.9, 6.9, 7.6 (eV) corresponds to Co. Hence, the emission
peak noted at 0.2 (eV), and 0.5 (eV) represent the element
C and O respectively. The absence of other elements in
the energy dispersion spectrum confirms the absence of

impurity in these structures. According to the spectrum,
it can be seen that in the Gr/Co oxide nanocomposite, the
weight percentage of cobalt and carbon is 23% and 19.3%,
respectively. Due to the high weight percentage of oxygen
(%57.7) and the results of XRD pattern it can be concluded
that the formation of graphene/Co oxide nanostructure is
most probable than graphene/Co nanostructure.

3.3 Optical properties
The amount of light beam absorption by the sample depends
on the energy of the incident photon, the type of material
and the nature of its crystal structure. The absorption spec-
trum for pure solutions of graphene (a), cobalt (b) and the
prepared nanocomposite (c) is illustrated in Figure 5 in the
range of 180−900 nm. The pure solutions of graphene and
cobalt were separately prepared by laser ablation technique
under applying 80 mJ energy for graphene sample and 100
mJ energy for cobalt sample synthesis. As shown in Figure
5(a) and (b), the absorption peaks can be observed at 270 nm
and 266 nm for graphene and cobalt samples, respectably.
As can be seen, the absorption intensity for graphene sample
is higher than that of cobalt. This could be due to the fact
that the binding energy of cobalt particles is stronger than
graphene. It is also shown in the graphene sample, the ab-
sorption intensity is lower than Gr/Co nanocomposite, and

Figure 5. Absorption spectra for (a) graphene, (b) cobalt and
(c) Gr/Co nanocomposite.
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in the cobalt nanoparticles, the absorption intensity is higher
than Gr/Co nanocomposite. This is due to the superposition
between graphene and cobalt, this nanocomposite process
leads to different absorption, as shown in Figure 5(c).

4. Conclusion
Laser ablation method has been used to prepare Gr/Co
nanocomposite. The synthesized sample has been analyzed
by XRD, UV-Vis, SEM, EDX methods. XRD analysis
confirmed the formation of graphene and cobalt oxide.
Graphene nanosheets morphology and Co or Co Oxide
nanoparticles were clearly seen in FESEM images. The
average grain size of nanoparticles was in the range of 25
nm. All results demonstrated the successful synthesis of
graphene/cobalt oxide nanocomposite.
The research on novel applications of Gr/Co nanocomposite
provides immense value to society. Their potential in
biomedicine, electronics, energy, and environmental science
is highly promising, offering advancements in healthcare,
electronics, energy efficiency, and pollution control.
However, further research is needed to better understand
the long-term effects and potential risks associated with the
use of Gr/Co nanocomposite. Additionally, the scalability
and cost-effectiveness of mass production methods should
be considered to ensure their widespread implementation.
Exploring the challenges and opportunities in these areas
will further enhance the understanding and application of
Gr/Co nanocomposite, leading to more sustainable and
impactful technological solutions for the betterment of
society.
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