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Abstract. The increasing global industrial demands have led to water source contamination by
hazardous wastes such as organic compounds, dyes, heavy metals, and oils. Consequently,
wastewater treatment has become a paramount environmental challenge, requiring efficient, low-
cost treatment materials with large-scale manufacturing capabilities. This paper presents a
research on synthesizing expanded graphite (EG) materials from graphite intercalation
compounds (GIC) using the induction heating method. The properties of the synthesized material
have been evaluated through scanning electron microscopy (SEM), specific surface area
measurements using the Brunauer-Emmett-Teller (BET) method, X-ray diffraction (XRD), and
thermogravimetric analysis (TGA). Additionally, experiments were conducted to evaluate its
efficacy in removing dyes such as Methylene Blue (MB) and oils (Diesel Oil - DO) from
wastewater. The study results indicate that the synthesized material can adsorb dyes almost
completely (> 99 %) and that more than 50 g of diesel oil can be retained by just 1 g of the
material. However, there is a difference in the adsorption of hydrophilic and hydrophobic
compounds depending on the structure of the EG material. Furthermore, the utilization of the
thermal shock synthesis method using an induction furnace demonstrates its capability to produce
a large quantity of material at a low cost.

Keywords: expanded graphite, graphite intercalation compounds, thermal shock heating, wastewater
treatment, induction furnace.
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1. INTRODUCTION

Today, environmental pollution due to the increasing development of industries is becoming
increasingly serious [1]. Particularly concerning is water pollution caused by hazardous waste
such as organic solvents, dyes, heavy metals, and oil spills, which threaten agriculture, aquatic
life, and human health [2-4]. In the textile dyeing industry alone, approximately 20 % of the total
dyes produced worldwide are regularly discharged into the environment [5]. Petroleum oil has
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been one of the main energy sources worldwide for many decades. It is transported across the
oceans and inevitably spills into the sea during many shipwreck accidents. Incidents in the 2010s
caused 164,000 tons of oil spills, and oil spills from the 2020s to date have already resulted in a
loss of 28,000 tons of oil [6]. These pollutants are not biodegradable, and they accumulate
increasingly, harming living organisms and making clean water sources increasingly scarce
worldwide. Therefore, the treatment of polluted wastewater sources is a leading environmental
challenge. Some techniques have been used to remove harmful substances from wastewater, such
as: using membrane filtration [6]; solvent extraction [7]; coagulation-flocculation [8]; chemical
precipitation [9]; and adsorption [10-13]. Different types of harmful substances can be
appropriately removed by suitable techniques; however, among the aforementioned techniques,
the adsorption technique is considered to be highly effective and economical. Various materials
such as activated carbon, carbon nanotubes, and graphene have been studied as adsorbents for the
removal of pollutants from water. However, the search for highly effective materials that can be
produced in large quantities at low cost for practical applications remains a challenge.

Graphene, a 2D carbon nanomaterial discovered in 2004, exhibits outstanding properties
such as electrical and thermal conductivity, large specific surface area, high thermal and chemical
stability, and is gradually being applied in various fields such as sensors, batteries,
supercapacitors, and water purification technology. In recent years, research on graphene-based
materials for wastewater treatment has yielded many promising results in terms of fabrication and
application potential [14-22]. The production of graphene through graphite intercalation and layer
exfoliation has demonstrated the potential to produce graphene at a low cost for applications
requiring large quantities of material [23, 24]. In this technique, graphite intercalation compounds
(GIC) are typically subjected to thermal shock in an oven, which rapidly evaporates the
intercalants, generating a force that separates the graphite layers. The microwave heating method
has the advantages of rapid heating speed, uniform temperature, and is commonly used for the
fabrication of materials in studies of expanded graphite (EG) properties [23, 25-27]. However, in
terms of application, scaling up production using this method is limited due to its complexity and
cost. The fabrication of EG can also be carried out in other commonly used furnaces heated by
electricity, LPG, Diesel, or radiative heating using IR, UV, such as conventional heating ovens
[28-30]. This heating method can be easily scaled up, however, it has drawbacks such as low
energy efficiency, slow heating, and uneven temperature distribution. The induction heating
method can be seen as a compromise that balances the advantages and disadvantages of the two
previous methods. It has the advantages of easy scalability and the ability to be automated, simple,
continuous, and safe. This is a novel method in terms of equipment technology, and it has hardly
been mentioned in recent reports [27]. In this study, we present the results of synthesizing
expanded graphite (EG) materials from GICs, in which the pyrolysis step of GIC was performed
using an induction furnace, a device developed at the Institute of Physics, Vietnam Academy of
Science and Technology [31]. This approach provides a novel method for the synthesis of EG
materials. The characteristics of the synthesized materials were evaluated through scanning
electron microscopy (SEM) imaging, specific surface area measurements using the Brunauer-
Emmett-Teller (BET) method, X-ray diffraction (XRD), and thermogravimetric analysis (TGA).
To assess the capability of removing pollutants from water, experiments on the removal of dyes
such as Methylene Blue (MB) and diesel oil (DO) from wastewater were conducted.
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2. MATERIALS AND METHODS
2.1. Materials

Natural graphite powder (NG) sourced from the Yen Bai mine, Viet Nam, with a purity of
96 % and average particle sizes of 300 um, 180 pm, 100 pm, and 80 pm, equivalent to mesh sizes
of 50, 80, 150, and 200 (denoted as NG50, NG80, NG150, NG200), was used as the primary raw
material for preparing GIC compounds. The chemicals used for GIC preparation included H>O-
(30 %) and H2SO4 (98 %), purchased from Merck, along with distilled water. The substances used
for testing included anhydrous MB dye (95 %) also purchased from Merck, and commercial DO
oil type 0.01S-V.

2.2. Synthesis of EG materials

Before using, the graphite powder was vacuum-dried at 75 °C for 10 hours to remove
moisture. The experimental procedure for GIC preparation followed the method described in
references [32, 33], with H»O» acting as the oxidizing agent and H>SOj as the intercalating agent.
Briefly, 5 g of NG was mixed into a beaker containing 200 ml of H»O» and H»SOj solution at a
ratio of 1:15. The solution was stirred for 2 hours, maintaining a temperature below 20 °C until
the reaction was complete, as indicated by the cessation of the increase in the reaction volume.
The reaction mixture was then filtered and washed multiple times with distilled water until neutral
(pH="7). The filtered GIC powder was vacuum-dried at 80 °C for 24 hours. Based on the different
initial particle sizes of NG (NG50, NG80, NG 150 and NG200), various GIC compounds were
synthesized, denoted as GIC50, GIC80, GIC150 and GIC200, respectively. The GIC powder was
then subjected to thermal shock treatment at 550 °C using a custom-built induction furnace in the
laboratory [31], resulting in the formation of 2D nanoplatelet samples, also known as EG,
designated as EG50, EG80, EG150, and EG200.

2.3. Measurement and evaluation methods

The structural characteristics of the synthesized EG material were evaluated through
scanning electron microscopy (SEM) imaging using a Hitachi S-4800 instrument, specific surface
area (SSA) analysis using the N, adsorption/desorption method (BET - Brunauer-Emmett-Teller)
performed on a TriStar I1 Plus from Micromeritics Instrument Corporation, and X-ray diffraction
(XRD) diffractograms measured on a Panalytical Empyrean Instrument. The thermal properties
of the material were investigated using a Shimadzu DTG-60H thermogravimetric analyzer
(TGA).

The adsormption experiment of MB was conducted at room temperature without any stirring
during the process. The MB solution was tested at various concentrations of 10 pmol/L, 20
umol/L, and 30 umol/L. The measurement method was as follows: 0.3 g of freshly synthesized
EG was soaked in 100 ml of MB solution for durations ranging from 15 to 90 minutes. Afterward,
the MB solution was separated from the EG samples by filtration, and the dye removal efficiency
was evaluated by measuring the absorbance of the MB solution at a wavelength of 665 nm using
a UV-VIS spectrophotometer from Avantes Company. To evaluate the saturated adsorption
capacity of the EG material, this procedure was performed similarly to the previous one,
summarized as follows: 0.1 g of EG was soaked in 10 ml of 10 mg/L. MB solution for 30 minutes.
The MB solution was then separated, and its UV-VIS absorbance spectrum was measured. This
process was repeated three times, reusing the EG filtered out from the prior cycle. In these
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measurements, the amount of MB adsorbed by the EG sample, expressed in milligrams (M), and
as a percentage of the initial amount (P %), are calculated using the following formulas: M = (C,
—C) *Vand P=(A,— Ai)/A, * 100 %. Here, C, and C; (mg/L) represent the initial concentration
and the remaining concentration after each trial, respectively; V is the volume of the solution (L);
A, and A; correspond to the absorbance of the initial MB solution and after the i trial,
respectively, with the number of trials ranging from i=1 to 4.

The evaluation of DO adsorption capability was conducted as follows: 1 g of EG sample
was immersed in 200 ml of diesel oil (equivalent to 165 g of DO) for 1 hour. Subsequently, a
filter bag was used to remove excess DO and retrieve the EG sample after oil absorption. The EG
sample was kept in the filter bag for 8 hours before evaluating the absorbed DO amount by
weighing the sample and determining the weight increase compared to the initial amount. This
experiment was repeated 3 times, and the measured results were averaged. The effect of the
simultaneous presence of water and oil on the adsorption capacity of the material has also been
investigated. In this experiment, 1 g of the EG50 material was used for adsorption with
measurements taken in different compositions: water, oil-to-water ratios of 1:4, 1:2, 1:1, and oil
(meaning the percentage of oil in the mixture will correspond to values of 0, 20, 33, 50, and 100
%, respectively). The measurement method was similar to that described above.

The use of EG for removing contaminants from actual wastewater samples from a textile
dyeing factory in Viet Nam has also been tested. Untreated wastewater samples were directly
collected from the dyeing factory. The experimental process was conducted simply using adsorption
at 25 °C with synthesized EG material as the adsorbent. Specifically, 25 ml of wastewater and 0.3
g of EG were placed in a 250 ml beaker and left for 90 minutes. A fterward, filtration was performed
to separate the adsorbent from the wastewater. The reuse experiment was repeated 3 times, each
time using 25 ml of wastewater under similar conditions as described above.

3. RESULTS AND DISCUSSION
3.1. Structural and physicochemical characteristics of expanded graphite

Results from SEM imaging in Figure 1 clearly depict the morphology of multilayer graphene
flakes in the EG samples. The graphene layers exhibit thin, leaf-like structures with good layer
separation, and the volume of the EG material after heating has increased hundreds of times
compared to the initial GIC volume. At high magnification (Figure 1(b)), multilayer graphene
flakes with a thickness of approximately 50 nm can be clearly observed.

The SEM images show that all EG samples (EG50, EG80, EG150, and EG200) exhibit a
porous structure formed due to the exfoliation of layers during the thermal shock process.
However, the porous structure and voids are most clearly observed in EG50, which is consistent
with its highest volume expansion and largest SSA compared to the other samples. The SEM
imaging results are consistent with previous findings [32, 33], indicating that the rapid induction
heating method is comparable to microwave-assisted thermal shock and confirms the successful
synthesis of the desired material.

From the X-ray diffraction patterns of the GIC and EG samples (Figure 2), we can observe
that the GIC sample exhibits characteristic peaks with strong intensity at a diffraction angle of
20~26°, closely resembling the characteristic peaks of graphite. However, there is a noticeable
difference in this case: the peaks are broadened and the intensity is reduced. This variation can be
understood as the intercalation process partially expanding the interlayer spacing of the hexagonal
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planes in graphite. The X-ray diffraction spectra obtained from the EG samples after thermal
shock treatment show more distinct differences: besides the characteristic peaks of graphite,
additional peaks corresponding to graphene structure appear around 20~22°. When comparing
the intensity ratios of these two peaks, except for the EG150 sample where the trend is not clearly
observed, we can see a pattern where the graphene/graphite peak intensity ratio increases in the
order of EG200, EG80, and EG50, corresponding to the increase in the expanded volume of EG
after thermal shock as well as the increase in their SSA values.

Figure I. SEM images of EG samples after thermal shock treatment at 550 °C, including samples:
EG50 (a) and (b) at higher magnifications, EG80 (c), EG150 (d), and EG200 (e).
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Figure 2. X-ray diffraction patterns of EG samples (left) and GIC samples (right).
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Table 1. Specific surface area (SSA) measurement and parameters related to EG samples.

Parameter EG50 EGS80 EG150 EG200
GIC particle size (um) 300 180 100 80
SSA (m%g) 36 32 22 20

The SSA measurements of the EG samples using the BET method and the parameters related
to EG samples are shown in Table 1. The measurement results suggest an apparent paradox: EG
materials with a larger specific surface area are not formed from smaller GIC particles, but rather
the opposite. However, this is entirely consistent with the published report [34], in which the raw
materials with particle sizes of 300, 180, and 150 um resulted in EG with corresponding SSAs of
34.35,23.84, and 21.3 m?%/g. This indicates that the exfoliation efficiency during thermal shock is
better for larger GIC particles, meaning that more graphene layers are separated from each other.
The SSA measurement results also show consistency with some published data: Refs[35] and [36]
provide SSA values of 20.3 and 34.3 m*/g for EG samples with corresponding expansion ratios
V (cm?*/g) of 320 and 400, respectively; [25] provides an SSA value 0£29.95 m*/g, and [27] gives
an SSA value of 34.8 m%/g for a V of 300 cm?/g.
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Figure 3. TGA results of the EG50 sample measured in air.

Figure 3 shows the thermogravimetric analysis (TGA) measurement results in air for the
EGS50 sample. The TGA results indicate that the synthesized EG samples have thermal stability
up to over 700 °C. At temperatures below 700 °C, the material is hardly affected, with only the
evaporation of impurities amounting to less than 5 %. Around 826 °C, a reaction with oxygen
occurs, and at 900 °C, the material is almost completely burned with a 95 % weight loss.
Nevertheless, this demonstrates that the material has excellent thermal stability. These TGA
results are fully consistent with numerous publications by other authors reporting that the thermal
stability of EG can reach temperatures of 800-900 °C [24, 37]. Moreover, many reports have
shown that EG can be synthesized under rapid heating conditions, ranging from a few seconds to
a few minutes, at a temperature of 800 °C [23], and even at temperatures of 900-1000 °C [30, 34,

35, 38-40].
3.2. Adsorption capacity for the removal of methylene blue (MB)

Figure 4 presents the adsorption measurement results for MB solutions at three concentrations:
10 umol/L, 20 pumol/L, and 30 pumol/L using four EG samples (EG50, EG80, EG150, and EG200).
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Figure 4(a) shows that the expansion or porosity of the EG produced from the same amount of GIC
material increases significantly for larger particle sizes. This is also consistent with the SSA results
obtained from BET measurements, as well as the published report [34].

(c) (d)

Figure 4. Expanded graphite samples (a) and Methylene Blue solutions after soaking with EG samples for
15 minutes at concentrations of 10 pmol/L (b), 20 pmol/L (c), and 30 pmol/L (d).

The adsorption experimental results show that the EG samples adsorb MB quite rapidly. For
all three tested MB concentrations, upon adding the EG material, the solution's color quickly
faded, becoming nearly transparent within just 15 minutes. With longer soaking times, MB was
adsorbed more strongly, making it difficult to visually distinguish the color change in the MB
solution. These observations were then quantitatively conducted by UV-VIS absorption
measurements, which will be discussed in the following section.

The MB solution samples after the adsorption process were filtered to remove solid residues
and used to assess the remained MB concentration through absorbance measurements at the
characteristic wavelength of 665 nm (Figure 5). In Figure 5(d), the results of adsorption for the
10 umol/L MB solution are also presented, using different masses of adsorbents EG80 and
EG150.

From these results, it is evident that the amount of MB adsorbed increases over soaking time
and with the amount of adsorbent used, showing a tendency toward saturation. The adsorption
capacity of MB varies among the EG samples and tends to increase in the order of EG50, EG80,
EG150, and EG200. When compared to the BET results above (Table 1), these findings appear
contradictory because the EG samples, which have larger specific surface areas, exhibit lower
MB adsorption capacity, and vice versa. Therefore, it can be asserted that the specific surface area
of EG is not the determining factor in adsorption of MB in aqueous solutions. Another study has
also shown that there is a difference in the adsorption positions of hydrophobic substances (such
as oil) and hydrophilic substances (such as PEG) on the structure of EG, where oil tends to fill
the pores while PEG is located at the edges or defect sites on the surface [28]. This report also
confirms that the adsorption mechanisms of oil and PEG are different, however, the author only
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used one type of EG, so the impact of particle size on the adsorption capacity of hydrophilic
substances has not been clearly evaluated. Previous research results [39] suggest that the high-
temperature fabrication process of EG leads to the formation of oxygen functional groups located
at the edges of the graphite crystal. Therefore, samples with structures that have a larger edge area
increase their wettability. The EG surface is hydrophobic, making it difficult for water to adhere
to the surface or penetrate into the pores. However, the author [39] also suggests that, depending
on the fabrication conditions during the exfoliation process, the material may form more or fewer
carbon defect fragments on the surface with oxygen groups, which will increase or decrease the
surface wettability.
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Figure 5. Decrease in MB solution concentration over soaking time from 15 to 90 minutes, with initial
concentrations of 10 pmol/L (a), 20 pmol/L (b), and 30 pmol/L (c), and the effect of varying amounts of
adsorbent EG (d). Measurements were conducted at room temperature, with 0.3 g of adsorbent EG and
100 mL of MB solution.

We also know that MB is a hydrophilic compound and readily soluble in water, so in our
study, it is likely that MB will be more effectively adsorbed at the positions located at the edges
of EG flakes. This is a reasonable explanation because with the same sample mass, the ratio of
edge area to surface area of 2D EG flakes increases as the flake size decreases. This means that
this ratio increases in the order of EG50, EG80, EG150, and EG200 samples. Furthermore, the
amount of adsorbed MB does not increase with the SSA values of these samples, suggesting that
the carbon defect fragments on the surface with oxygen functional groups are sufficiently few and
play a minor role in the adsorption of MB.
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Aiming to study the reusability of graphene, the MB adsorption capacity was measured in four
consecutive trials. The results are summarized in Table 2 and indicate that the synthesized EG
material can adsorb the MB dye almost completely (> 99 %) in the first and second trials (with an
adsorption capacity of about 1 mg/g). In the subsequent trials, the amount of MB adsorbed tends to
decrease, but it is evident that this material has excellent MB adsorption efficiency and can be reused
multiple times. In this experiment, a relatively small amount of adsorbate (MB) to adsorbent (EG)
ratio was used to evaluate the continuous reusability of EG. However, according to some other
reports, when this ratio is increased, the percentage of MB adsorbed tends to decrease, and the
amount of MB adsorbed tends to reach a maximum. For example, 0.1 g of the EG compound can
capture about 68.2% of MB from a 10 mL solution with a concentration of 50 mg/L, resulting in an
adsorption capacity of approximately 3.4 mg/g[37]. Alternatively, using EG samples with an SSA
0f 29.95 m?*/g at a concentration of 2 g/L for MB adsorption at a concentration of 200 mg/L yielded
results 0f 41.92 % and 83.8 mg/g, respectively [25].

Table 2. The percentage (P %) and the amount (M mg) of methylene blue adsorbed by the EG200 sample,
measured over four consecutive reuse cycles for 30 minutes at room temperature, using 10 mL of
10 mg/L MB solution and 0.1 g of EG.

Adsorbed methylene blue

No.

P (%) M (mg)
0 0 0
1 99.9 0.0999
2 99.8 0.0997
3 98.2 0.0982
4 87.6 0.0876

3.3. Investigation of the diesel oil adsorption capacity of graphene

The results of the study on the oil adsorption capacity of graphene are presented in Figure 6.
To evaluate the DO adsorption capacity of the EG samples. The oil-adsorbed samples were
filtered and weighed to determine the amount of oil adsorbed. These results, along with the SSA
data of the EG samples, are presented in Figure 6(a). Another result measuring the amounts of oil
and water adsorbed by 1 g of the EG50 sample in the simultaneous presence of both components
at oil/water ratios of 0, 20, 33, 50, and 100 % is shown in Figure 6(b).

From these results, it can be seen that EG materials have a good oil adsorption capacity, with
values ranging from 30 to over 50 g of oil retained per 1 g of material. Notably, the oil adsorption
capacity decreases with the reduction in specific surface area (SSA) of the material (i.e., in the
order of EG50, EG80, EG150, and EG200), which is contrary to the MB adsorption results
mentioned above. This difference is attributed to the fact that, unlike MB, oil has hydrophobic
properties. Additionally, as noted in the MB adsorption measurements above, the hydrophobic
surface area contributing to the total SSA of the EG material decreases in the same order, leading
to a reduction in the amount of oil retained. Moreover, previous studies have shown that the
significant amount of oil absorbed by EG is due to the oil being adsorbed and filling the pores of
the porous structure [28].

From the results in Figure 6(b), we can observe that EG materials also exhibit water absorption
capability, but significantly less compared to oil absorption (11 g of water versus 51 g of oil
absorbed per 1 g of material). However, the water adsorption capacity is quite similar to the results
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reported in a recent study for EG fabricated from graphite with particle sizes ranging from 200 to
300 um, showing a sorption capacity of 11 to 16 g/g [39]. Graphene materials exhibit a preference
for oil adsorption due to their hydrophobic surface advantage. EG and graphene materials are
classified as high-capacity oil adsorbents, achieving values from 50 to 70 g/g [27], thanks to their
porous structure and significantly larger SSA compared to natural graphite and GIC compounds,
which have an SSA in the range of 1.0-1.22 m?/g [41, 42]. The results in Figure 6(b) clearly show
that increasing the oil/water ratio leads to a rapid increase in the total adsorbed substance. However,
at higher oil/water ratios (above 33 %), the total weight of adsorbed substance decreases. This can
be attributed to saturation of the adsorption sites where oil tends to displace previously adsorbed
water molecules. Additionally, the lower density of oil compared to water results in a reduction in
the measured total weight. The oil adsorption capacity measured in this study is nearly achieved and
quite similar to the results reported in some published studies. For example, the oil (n-dodecane)
adsorption capacity of EG and natural graphite is 47 g/g and 7 g/g, respectively, and this significant
difference is due to the large SSA and porous structure of the EG [38]. Additionally, as reported in
[27, 38], EG can adsorb 42.12 and 37.26 g/g of DO, respectively.
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Figure 6. Comparison between SSA and oil retention capacity of EG samples (a), and the amount of
substance adsorbed by the EG50 sample in the presence of both oil and water components (b).

3.4. Expanded graphite's capability in treating textile dyeing wastewater

Results of treating textile dye wastewater with EG200 material for 90 minutes are presented
in Figure 7. It is evident that the collected wastewater appears black with high pH (pH = 11-12).
After treatment, the resulting solution becomes colorless and transparent, with pH significantly
reduced to approximately 8. Clearly, the colorants and pH components present in the initial
wastewater were effectively removed in the presence of graphene in the water.

L —

(a) (b) (c) (d)

Figure 7. Initial wastewater (a), wastewater after 90-minute treatment with EG200 (b), pH of the
corresponding wastewater before and after treatment (c) and (d).
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Figure 8 shows the results of UV-VIS absorption spectra of wastewater before and during
treatment with graphene material. The initial wastewater is labeled as Dye0, and subsequent
treatments are labeled correspondingly as Dyel, Dye2, Dye3, and Dye4, indicating repeated
processing trials. The initial textile dye wastewater exhibits a broad spectrum from ultraviolet to
visible regions, with two main peaks at wavelengths 476 nm and 590 nm. As seen in Figure 8, the
color-causing pollutants in the wastewater are almost completely absorbed, achieving 97.7 %
removal in the first treatment (Dyel), reflected in the colorless and transparent appearance of the
treated water.

Dyal

Absorptance (a.u)

Dyei

300 400 500 600 700 800
Wavelength (nm)

Figure 8. UV-VIS spectra of the initial wastewater Dye0 and the four consecutive treatment trials labeled
as Dyel, Dye2, Dye3, and Dye4.

The multiple measurements aim to determine the saturation adsorption capacity and
reusability of the material. In the first reuse cycle (Dye2), the amount of textile dye in the
wastewater was reduced to approximately 17 %. After this cycle, having adsorbed an additional
83 % of the dye compound, the graphene’s adsorption capacity became nearly saturated in
subsequent trials. This is evident in the third and fourth experiments, where the adsorption
capacity significantly decreased, resulting in a much smaller amount of contaminants being
removed, specifically 23.5 % and 19.5 %, respectively. This experiment also showed that to reuse
the materials and maintain their adsorption capacity for removing contaminants from water, it is
necessary to remove the previously adsorbed substances from the adsorbent. Based on the thermal
stability of up to 700 °C (as shown by the TGA results in Figure 3), the thermal regeneration
method can be advantageous for this type of material because organic contaminants, having much
lower thermal stability, can be completely burned off without affecting the adsorbent.

4. CONCLUSIONS

The results of this study demonstrated that expanded graphite materials can be fabricated by
exfoliating GIC using thermal shock treatment. This is a physical method with relatively simple
technology that allows for scalable production at a low cost. Notably, the thermal shock technique
using an induction furnace offers advantages over microwave heating in terms of simpler design,
ease of automation, and the ability to maintain continuous production processes. The
measurement data showed that 2D expanded graphite materials obtained from the initial GIC,
with different flake sizes of 50, 80, 150, and 200 mesh (designated as EG50, EG80, EG150, and
EG200), were successfully fabricated. The study results on the adsorption capacity of MB dye
and DO demonstrated that the fabricated materials have excellent retention abilities. Specifically,
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the EG200 material can capture over 99 % of MB in water during its first use, and 1 g of EG50
material can retain over 50 g of DO. The fabricated material also demonstrated the ability to
remove both hydrophilic compounds (such as MB) and hydrophobic compounds (such as DO)
from wastewater. However, there is a difference in the adsorption of hydrophilic and hydrophobic
compounds depending on the structure of the graphene material. Specifically, it is believed to be
influenced differently by the 2D hexagonal carbon surface area and the edges of the graphene
flakes. For the removal of compounds similar to MB, the edges play a more dominant role than
the surface area, whereas for hydrophobic compounds like DO, the opposite is true. These
observations provide guidance for tailoring graphene materials to remove contaminants with
different properties.
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