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ABSTRACT

Nanographite surface was prepared by heat treatment of graphite-saturated
nickel sulfate as an exfoliating agent to produce a very fine brown powder.
The procedure depends on heating the saturated sample and oxidation
by 50% of nitric acid with ultrasonic bath. The resulting powder is easily
dispersed in water and characterized by UV-vis spectroscopy, where the
new absorption at 224 nm is not present in bulk graphite and reveals of
formation of oxidized nanographite. FTIR showed the skeleton of graphite
is changed and new absorption of C=0. XRD of highly crystallized graphite
modified to low-intensity peak as an indication of sheets displacement.
SEM image showed the microscale flake of nanographite as singular flakes
with different dimensions. Photocatalysis reaction was done for crystal
violate dye in aqueous solution combined with UV lamp. The nanosheets
have the ability for photodegradation of CV lasted 180 min but in the
presence of H,O,, the vanishing needs 15 min with 96% photodegradation
efficiency.

How to cite this article

Shamkhy E., Oda A. Graphite Nanosheet Prepared by Nickel Sulfate Exfoliating and Thermal Treatment and Its Action in
Photodegradation of Crystal Violet. ] Nanostruct, 2025; 15(4):1700-1709. DOI: 10.22052/JNS.2025.04.018

INTRODUCTION

Graphite is a widely distributed mineral usually
present in metamorphic and igneous rocks,
where its structure has the hyperdization sp’p,
of p-electrons for carbon atoms [1]. This mineral
featureisalayerofsoftslicesandthe specificgravity
is very low [2]. Graphite is an excellent thermal and
electrical conductor with high regular stiffness and
strength [3]. The stiffness and strength of graphite
can be maintained at temperatures exceeding
3600 °C [2]. It's a highly lubricating, chemically
inert, and corrosion-resistant substance [4]. These
unique characteristics allow for wide and variant
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applications. Graphite can be classified into two
types: the natural ones in the land and synthetic
ones like wood processing. Three types of natural
graphite [5], crystalline (flake graphite), lump
graphite, and amorphous graphite the physical
and chemical properties are different for each
one another [2], owing to differences in precursor
materials and graphite formation processes
[6]. Graphite’s inherent features like electrical
conductivity is high, absorbance of light very low,
also it has chemical resistance. These significant
features made this material state-of-the-art
application, such as medical implants and flexible
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electronic devices.

Graphene is a nanosheet that can be
synthesized from its precursor graphite depending
on physical or chemical roots. Some techniques
are very effective like different chlorate oxidants
and permanganate can be used to synthesize
graphene oxide (GO) from graphite [7, 8].

The Hummers’ approach, [9, 10] in which the
oxidation of graphite is processed by KMnO4
with aiding of strong acid treatment, is now the
most widely used method for synthesizing GO.
As a comparison to graphite, the spacing base is
wider in GO. The presence of oxygenated groups
in the parallel carbon layers causes a widening
gap. Furthermore, chemical and thermal, and
microwave-assisted treatment can be utilized
to reduce GO, where the procedure and starting
material significantly influence the final properties
of graphene [10, 11].

Since Novoselov and Geim isolated graphene
using Scotch tape in 2004, other methods for
preparing graphene sheets have been devised
[12]. For example, chemical vapor deposition [13]
and epitaxial growth [14, 15], produce graphene
with a low defect count, making these processes
attractive for use in electrical devices [16]. These
surface-based approaches, on the other hand, do
not scale well for applications that require large
amounts of graphene. By physically and chemically
exfoliating bulk graphite, far more graphene
can be created [17]. These sheets are useful in
photocatalytic reactions like g-C,N, (graphite-
carbon nitride). These have 2D and high stability

and also a high specific area with high existent
of active groups [18]. graphite oxide nanosheets
were prepared by ethylene glycol passivation as
reported. The prepared material was very stable
and used for the photocatalytic reaction for methyl
orange degradation [19].

In this paper, we introduce the formation of
nanographite by impregnation with nickel sulfate
to make metal intercalation then heating is applied
for exfoliating and this process is supported by
characterization by UV-vis analysis, FTIR, XRD, and
SEM to evaluate the conformation of graphite to
nanographite. This nanosheet was examined in
the photodegradation of crystal violate as a new
material for the decantimination of wastewater.
By studying the effect of reaction time, weight of
nanographite, and addition of hydrogen peroxide
to evaluate and get satisfying photodegradation of
CV.

MATERIALS AND METHODS
Materials

Nickel sulfate heptahydrate (Fluka), graphite
(Merck), HNO, (GCC), and ethanol (Thompson
Baker).

Instrumentation

Water is used as a blank in UV-vis spectroscopy
(Jenway spectrometer model 6800) with quartz
cuvettes. With the KBr disk approach, the FTIR
instrument (Affinity IR instrument, Shimadzu,
Japan) recorded in the 400—4000 cm-1 range, and
the XRD apparatus (DX-2700 SSC 40 kV/30 mA,
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Fig. 1. Schematic photoreactor is used for CV photodegradation by nanographite.
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USA) tested in the 20-80 (26) range. The scanning
electron microscope Inspect 550, Netherlands,
which operates at 25 kV, is used to perform SEM
test. Ultrasonic bath model LTUSB by Labtech,
Korea. Labtech muffle furnace for the heating
process.

Procedure
Preparation of nanogrphite

To prepare the nanographite, the procedure
was: 2.5 g of nickel sulfate heptahydrate dissolved
in 150 ml distilled water in a beaker with a capacity
of 250 ml subsequently combined with 2 grams of
graphite powder, and for two hours, the group
was stirred. The graphite was saturated with nickel
sulphate and then the solution was filtered and
the precipitate was dried at 60 c for 8 hours. 1 g
of the mixture was put into the ceramic crucible
and heated to 500 C° for two hours. After cooling
at room temperature, 0.5 g was taken in a 100 ml
beaker and 50 ml of HNO3 (50%) was added and
stirred for a half-hour the solution was diluted
with distilled water, and the slurry was separated
by the centrifuge and washed with distilled water
several times to get rid of excess acid. The collected
suspension was added to a beaker containing 50
ml distilled water and put in the ultrasonic water
bath for 20 minutes then the solution was left to
stagnate and the brown colloidal was collected
from upper solution by decantation and then the
decanted solution was centrifuged and washed
with ethanol 3 times. Then the brown powder is
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dried at 80 c for 6 hours so the sample is ready
for characterization using scanning electron
microscopy (SEM), UV-vis spectroscopy, Fourier
transform infrared (FTIR), and x-ray diffraction
(XRD). copper tube Cu (Cu Ka, A = 0.15406 nm)
with an XRD apparatus (DX-2700 SSC 40 kV/30
mA).

Photocatalysis experiments

All experiments of photodegradation of CV
dye by nanographite were done in the immersion
reactor as in t. The reactor is a glass tube with
aiding of water cooling and a 5 W lamp cover with
a glass tube immersed in the CV solution. The
preliminary experiment was donedone by weigh
0.02 gm of nanographite and addingg to 10 ppm
of CV solution with mixing on a magnatic stirrer
for 30 min for adsorption equilibrium (at pH=7
and room temperature). After that, the lamp turns
on and 2 mL of suspension is drawn after regular
time. The photodegradation of CV dye is examined
by measuring the absorbance at 590 nm. The
effect of nanographite was studied by varying the
weight in the range of 0.01-0.04 gm and applying
the above procedure. Also, the effect of hydrogen
peroxide was studied in the concentration range
0- 4*10-5 M. To calculate the photodegradation
efficiency %; of CV in the interval time depending
on the initial concentration (C)) of CV and the
concentration after illumination (C); by using the
equation:
photodegradation efficiency %= [(C,-C)/ C,]* 100
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\
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Fig. 2. The UV-vis spectrum of the graphite and nanographite.
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RESULTS AND DISCUSSION

The effect of nickel sulfate salt on the structural
properties of graphite was studied through
the process of immersing them in water to get
saturated graphite with solvated ions and then
exposing the heating process. It was observed that
the color of graphite turned into a brown color
easily distributed in the water. The uv-vis spectrum
of the nanographite solution was measured within
the range 200-800 nm, where it is observed
through the absorption spectrum that graphite
does not have a specific absorption peak within
the measured range, while the nanographite
appeared to have a sharp absorption peak at 224

nm belong to the transition of electrons within
n- t* resulting from the double bonds in the
nanographite. Weak absorptions at 280-300 nm
resulting from absorption of the n- n* type and
as a result of the formation of C-O bonds within
the graphite ring is a sign of the occurrence of
layer displacement from each other to form
nanographite. The third transition around 300-350
nm is due to the trapping of excited-state energy
by the surface [20]. Also, there is no absorption
of the pristine graphite where there is no distinct
peak as shown in Fig. 2, which shows the uv-vis
spectrum of the graphite and nanographite.

FTIR was measured for graphite, graphite-nickel
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Fig. 3. FTIR of graphite (a), treated graphite with nickel sulfate (b), and purified nanographite (c).
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sulfate after heating, and nanographite after
purification Fig. 3, where O—H stretching vibration
(3420 cm-! is due to water adsorption. The peaks
vibrational band at 1641 corresponding to C=C,
vC=0 stretching at 1720-1680 cm™ is implied of
carbonyl groups, vO-H stretching at 1380 cm™ of
the alcoholic group and vC-O stretching at 1260—
1100 cm™ is corresponding to single C—O groups.
Also, symmetric C-H stretches (CH,) at 2883 cm™
[21-23].

The X-ray spectrum was measured to show
the crystal structure of the graphite before and
after the reaction, as shown in Fig. 4, which
shows the X-ray spectrum of the graphite before
interaction and the graphite with nickel sulfate
before purification and nanographite, where the
peak appears at 26.557° and other weak peaks

belong to the hexagonal shape of the graphite.
After the heating treatment of graphite-saturated
nickel sulfate before purification, the peaks are
similar to graphite, which indicates the process is
incomplete to form nanographite. But a change is
observed in the intensity of the diffraction angles
at 26.557 was high for the graphite and the angle
is displaced to 26.525 with low intensity where
the high intensity is attributed to the crystallized
shape of the graphite, while when the intensity of
the peak is reduced, the crystallization is less as a
result of the platelets crashing into singular plates.
The carbon DB card number 9012230 (space group:
P63mc) provided a satisfactory identification and
description of the positions and intensities of the
diffraction peaks. The appearance of a weak angle
in the position of 2 theta=10.7 belongs to graphite
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Fig. 4. XRD pattern of graphite (a), treated graphite with nickel sulfate (b), and purified nanographite (c).
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oxide and the stacked layer height is 5 nm at
2theta=21.7 is wide and weak, but it belongs to the
amorphous phase of nanographite. Also, Bragg’s
equation (1) was used to determine the separation
between the graphene layers in nanographite and
graphite oxide. The average height of stacking
layers (H) was calculated using Sherrer’s equation
(2). Additionally, formula (3) was used to assess
the number of layers in nanographite. Table 1
displays the results that were obtained:

dyp,=N/25in(6) (1)
H=KA/Bcos(6) (2)
n=H/d,, (3)

where d_, representing the distance between

graphene layers, A representing the X-ray
wavelength of 0.15406 nm, O representing the
diffraction reflex location, H representing the
average height of the crystallite, K representing
the form factor (for graphite materials, K = 0.94),
and B representing the full width at half-maximum
of the diffraction reflex [24].

SEM test is shown in Fig. 5, where the images in
different scales and the nanographite like flakes.
The procedure deals with the exfoliating of micro
graphite with intercalation of nickel sulfate in the
inner space of graphite then heat treatment makes
the layers disorder easily. This procedure can
produce nanographite as a flake. The dimension
of the flake (Fig. 5a and b) is measured according
to the scale bar of the SEM image by using (the
imagej program) with different lengths of 6000-
12000 nm and the width was 2000-5000 nm. Also,

J Nanostruct 15(4): 1700-1710, Autumn 2025
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the sample contains fine particles and these are
confirmed by XRD according to 2theta=21. In Fig.
5c the image shows the interlayers of each flake,
where the thickness of each sheet is 40 nm and this
height is near the calculated from XRD parameters
as in Table 1. The layers of graphite are displaced
from each other, which appeared in Fig. 5c, and
the metal exfoliating is the determining condition
of nanographite.

Photocatalytic activity of nanosheets is the
next level of pollutant remediation and occupies
wide application because of the structure of two
dimensions with oxygen functionalized groups,
high surface area, and the active site is very
huge; giving a fast surface charge transfer. These
features give nanosheets (like graphene oxide)
wide space in reaction and high adsorption of
cationic dye molecules and negatively charged

oxygen-containing functional goups [25-26]. Also,
the oxygen contents in graphene oxide change
the polarity from hydrophobic to hydrophilic
which would be a good compatibility with
photocatalysis applications. The photocatalysis
of prepared nanographite by exfoliating s
examined by photodegradation of CV solution.
The nanographite acts as a semiconductor that
enhances charge transfer by the absorption of
UV light to give electron-hole pairs these pairs
are photoinduced generation and tend to migrate
to the surface. These pairs act as oxidizing and
reducing sites that can be consumed for CV
degradation that is adsorbed on the surface [27].

The photocatalytic degradation of CV dye using
synthesized nanographite was accomplished in
an aqueous solution with UV illumination. The
reactor uses a dipped UV lamp with cooling by

100 +
90

Degradation efficiency%

m photolysis

m Nanographite

15

30

Time, min

60 120 180

Fig. 6. Photodegradation efficiency of CV dye solution in the

Table 1. the structural parameters of nanographite according to XRD calculation.

2Theta d, A FWHM H, nm n
10.729 8.2391 1.541 5 6-7
26.530 3.3570 0.371 22 65-66
33.179 2.6979 0.409 20 74-75
35.669 2.5151 0.779 10 39-40
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a water circulator. The preliminary experiment
was a mixing of nanographite with 10 ppm of CV
dye solution and samples collected for 3 h of the
reaction time with illumination. The monitoring of
CVvanishingdepended on 590 nmasthe maiximum
wavelength to evaluate the degradation process in
all solutions. The degradation of CV according the
color is noticed that as reaction time proceeded,
the absorbance was decreased. This process needs
a catalyst and UV illumination in the presence of
oxygen. This result revealed that nanographite
has the ability of the photodegradation of CV
dye solution. In Fig. 6, the absorbance of CV was
decreased as the time of reaction increased,
where the photodegradation needed 3 h to reach
90%, while in photolysis the degradation efficiency
was 27.9%. The presence of the photocatalyst
makes the degradation of CV more active and
works as a semiconductor that absorbs light and
the degradation is effective in comparison with the
degradation without nanographite. In the present
results, the synthesized graphite nanosheets are
active photocatalyst and can respond to UV light
irradiation and succeed in the conversion of light
energy into a chemical reaction for CV degradation
[28-29].

The effect of nanographite amount used in
photodegradation was studied as the weight of
the catalyst in the slurry significantly changed the
rate of reaction. In this manner, the changing of

nanographite weight was studied in the range
of 10-40 mg/100 ml of CV solution. In these
circumstances the concentration of CV dye was
10 ppm and the pH=7 and ambient temperature.
As shown in Fig. 7, The degradation efficiency
nanographite was high relatively at 20 mg/100
mL, while the degradation efficiency was low in
the case of lower or upper than 20 mg/100 mL.
This means the degradation was optimized in the
direction of catalyst dose, where the degradation
is increased as the weight of the catalyst increases.
This is due to the dependency of degradation on
the number of active sites that are affected by the
amount of catalyst. But in the case of increasing
the amount of catalyst the degradation efficiency
was decreased. The large dose of a catalyst makes
an inner filter prevent light from penetrating
inside the slurry. This leads to more inactive sites
and leads to low degradation [30-31]. In Fig. 7, the
weight of nanographite was studied and showed
high degradation efficiency in the case of 20 mg/
mL.

The effect of the oxidizing agent on the
photodegradation of CV was studied, where the
common agent is hydrogen peroxide. This oxidized
compound is considered the excellent oxidizing
species that is supplied for photodegradation.
Hydrogen peroxide was added to the suspension
of nanographite in the CV solution, which is the
more effective procedure for studying the action

100 -
90
80 -

degradartion efficiency%

m10mg
m20mg
40 mg

70

60 -

50 -

40 -

30 -

20

o ol

0 - T

15 30 60 120 180

Time, min

Fig. 7. The effect of nanographite weight changing on the photodegradation of CV solution.
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Fig. 8. The relationship between C/C of CV dye with time before and after hydrogen peroxide addition.

of photodegradation[32]. Hydrogen peroxide
work to draw electron away from the excited
conduction band making more separation of
charges on the surface of the photocatalyst. Also,
hydrogen peroxide generates the reactive radical
species as in the following equations:

H,O,+e™>O0H+OH
H,0,+07,>0H+OH+O0,

The action of hydrogen peroxide was very
effective in comparison to the nanographite alone.
Theconcentrationofhydrogenperoxidewascritical,
where it was 2*¥10°and 4*10° M. In the presence
of hydrogen peroxide, the photodegradation
effectively changed with very interesting high
degradation efficiency and it was 98.9% and 99.8%
respectively, and the reaction lasted only 1h, while
it lasted 3h in the case of nanographite alone.
It is worth noting that, in the case of hydrogen
peroxide at the concentration of 4*10° M needs
only 15 min to vanish the CV dye solution color
and the degradation efficiency was 96%. In Fig.
8, the relationship of C/C0 with the reaction time
of CV degradation by using nanographite and
hydrogen peroxide. The exponential plot of C/C,
with time was obtained and the trend line of this
curve is the rate constant which was 0.013, 0.073,
and 0.094 min*for nanographite, 2*10%and 4*10°

1708

>M of hydrogen peroxide respectively. This action
and high photodegradation can be explained by
the formation of transition transition-activated
complex that makes the electron density transfer
from 1 orbital of nanographite to the hydrogen
peroxide leading to a high decomposion process
[33]. These nanosheets can generate the
photoreactive species like 0, and ‘OH. These
species have very strong oxidation action to make
the CV more degradable. The efficiency of CV dye
degradation by nanographite may be attributed to
the high dispersity in aqueous solution, and the
process leads to the ease of protons reaching the
carbon atoms on the sheets. This made of H,0,
rapidly transforms to *OH and this species has a
very impact on oxidation during the photocatalytic
reaction [34].

CONCLUSION

Nanographite can be exfoliated by nickel sulfate
saturation and heating at 500 c. The process
yielded oxidized nanographite and brown material
dispersed in water. The change in UV-vis and FTIR
analysis in nanographite after exfoliating is clear
and shows the successful method of preparation.
XRD analysis revealed the transformation of
bulk graphite to low-intensity diffraction peaks.
Nanographite has the ability for photodegradation
of CV dye solution with a low and optimum loading
dose (0.02 gm/100 ml). CV degradation was
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affected by the addition of hydrogen peroxide,
where the time without it needed 180 min for
degradation of CV dye, but in the presence of it
lasted only 15 min with a degradation efficiency
of 96%.
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