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Abstract: A novel approach to mass producing graphene without inadvertent damage was needed to meet the increasing demand for
the material. Graphite electrochemical exfoliation (EE) is an intriguing method for the large-scale, quick, and easy manufacture of
graphene. Using leftover whey as an electrolyte, the EE of commercial graphite was examined in this work. It was shown that a
straightforward and affordable exfoliation technique may produce graphene that, in the absence of functionalization or surfactant, forms
a stable dispersion in the waste solvent. Because wastewater is acidic, it has been shown that storing it at +4 degrees aids EE. X-ray
diffraction (XRD) was used to satisfactorily validate the manufactured graphene's existence. The results point to a low-cost method of
producing graphene and graphene oxide.
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Oz: Grafene yonelik artan talep, gereksiz hasara yol agmadan seri iiretime gegmenin yeni bir yolunu gerektiriyordu. Bu yiizden grafitin
pul pul dokiilmesi basit, hizli ve biiyiik 6lgekli grafen {iretimi i¢in ilging bir yaklagimdir. Bu ¢aligmada atik peynir alt1 suyu elektrolit
olarak kullanilarak ticari grafitin elektrokimysal pul pul dokiilmesi arastirildi. Islevsellestirme ve yiizey aktif madde olmadan atik
¢oziicii iginde stabil bir dagilim olusturan grafen hazirlamak igin basit ve uygun maliyetli bir elektrokimysal pul pul dokiilme yontemi
gosterilmistir. +4 derecede depolanan atik suyun asidik yapisindan dolayr elektrokimyasal pul pul dokiilmeye yardimci oldugu
gdzlemlenmistir. Uretilen grafenin varligi X-1stm kirmimi (XRD) ile basariyla dogrulandi. Bulgular, grafen ve grafen oksidin
sentezlenmesi i¢in diigiik maliyetli bir {iretim siireci dnermektedir.

Anahtar Kelimeler: Grafen, atik peynir suyu, elektrokimyasal pul pul dokiilme
1. Introduction

Graphene is a planar sheet one atom thick, composed of hexagon-shaped carbon atoms from sp? hybridization. Its
mechanical, thermal, optical, and electrical qualities are outstanding. Moreover, graphene acts as a semimetal and has a
zero-band gap due to its two-dimensional structure [1]. Graphene may be produced by several methods, such as ultrahigh
vacuum annealing of single crystal SiC, mechanical or electrochemical exfoliation and cleavage, and chemical vapor
deposition [2-4]. A low-cost, environmentally friendly technique for producing high-yield graphene is EE of graphite,
which yields one-atom-thick graphene with desired features. It has long been recognized that graphite and other species
may combine to make helpful intercalation compounds, or graphite intercalation compounds, which are frequently created
electrochemically. Researchers have expanded GIC chemistry to electrochemically exfoliate graphene from natural
graphite in light of the recent discovery of graphene [2, 3]. One of the increasing humber of methods for producing
graphene is electrochemical exfoliation. Wet chemical exfoliation techniques, like the modified Hummers process used
to make graphene oxide, are connected to the electrochemical approach. However, unlike conventional techniques, which
frequently rely on strong oxidants, electrochemical techniques use the conductive qualities of graphite to intercalate
molecules between graphene layers. Much work has been done recently on the easy, quick, affordable, and
environmentally acceptable EE of graphite to produce high-grade graphene [5]. Comparing this procedure to other
conventional methods, it appears promising for manufacturing huge amounts of graphene [2]. Moreover, functionalized
graphene might be produced by the exfoliation process. During the procedure, some factors need to be controlled,
including the number of probes, the amount of current utilized, and the chemicals employed. The methods are similar in
that an electrolyte (aqueous or nonaqueous solution, for example) and an electric current are often used to induce structural
expansion in a graphite electrode [2]. Depending on the charge of the intermediate ions, the graphite electrode can operate
as an anode or cathode and exhibit oxidation or reduction processes, respectively.

A positive or negative charge can be applied to the material by employing graphite as an electrode, which promotes the
intercalation of oppositely charged ions and facilitates exfoliation. The electrochemical process is promising for
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producing graphene in large quantities and may offer several benefits over conventional chemical approaches [5]. An
example of a wet chemical procedure that can be less expensive for mass manufacturing is the electrochemical approach,
which is similar to mechanical exfoliation, molecular assembly, and chemical vapor deposition (CVD). Even more than
this, by using electrochemical activation instead of harsh chemicals, electrochemical manufacturing may be able to
achieve a simpler stage in the purification of the final product. Electrochemically generated graphene can have a
controllable degree of oxidation and low-hole flaws, making it a reasonably high-quality material. Electrochemically
produced graphene is expected to have industrial uses in energy storage, electronics, coatings, and nanocomposites in
other words, it will be used in all of the applications that have been proposed for graphene [5-14]. Although many methods
have been proposed as successful in generating graphene, no one has yet discovered a flawless method that produces
graphene without any flaws. As previously mentioned, compared to other methods, EE is a simple, rapid, and inexpensive
process to produce graphene. Enough high-quality graphene materials need to be developed to satisfy the requirements
of all these technological applications. During the EE process, when direct current is applied to two electrode arrays,
strong particles are formed at both electrodes, and the anodic graphite and electrolyte begin to separate [6]. Unlike other
peeling techniques, this approach requires no equipment and usually requires natural light. Furthermore, it is less harmful
than other chemical methods that include potentially hazardous solvents or reagents [6, 7].

A straightforward and efficient method for producing graphene involves electrochemically exfoliating graphite rods in
acidic liquids, as suggested by Coros, M. and associates [11]. The graphene oxide peak diminishes or even vanishes when
the EE trend is reduced from +6 to +2.5 V, according to the nanosheets' XRD patterns. It has been shown that by varying
the applied voltage, graphene with varying degrees of oxidation may be generated. At a bias of +3 V, an ideal graphene
sample was made in an H.SO4:HNO3z combination.

The simple synthesis of graphene by electro-exfoliation employing several oxidizing agents (HNOs, NaNOs, H2SO4, and
H20,) in the presence of sodium dodecyl benzenesulfonate as a surfactant was proven by A.A.B. Hamra and colleagues
[12]. The EE of graphite rods was dramatically altered by several surfactant-oxidizing agent solutions at varied
concentrations. Moreover, graphene is directly generated via vacuum filtration and used as a supercapacitor electrode.
The impact of electrolyte type on capacitance performance was examined using nylon membrane and polymer gel, both
of which contained 2.0 M potassium hydroxide. The polymer gel electrolyte demonstrated an astounding capacity
retention rate of more than 100% after 1000 charge/discharge cycles, whereas the nylon membrane electrolyte recorded
a capacity retention rate of just 94%. The manufactured supercapacitor's capacity to light a light-emitting diode while
charging reveals its promise for practical uses.

The EE of two distinct graphite predecessors at an applied direct current voltage of +12 V was shown by Markovic¢ et al
[13]. The results of the characterization methods (X-ray diffraction, X-photoelectron spectroscopy, etc.) indicated that the
exfoliated powder is highly functionalized and resembles graphene oxide in terms of its low carbon/oxygen concentration.
After being disseminated in N,N'-dimethylformamide, the exfoliated graphene sheets were vacuum-filtered onto ano-
discs and then moved to glass-ceramic substrates.

Here, a very effective method for processing graphene from graphite using electrolytic exfoliation for mass production is
presented. In addition, by using waste whey as an electrolyte in the study, the cost was reduced, and the presence of
harmful chemicals was reduced. A simple and cost-effective exfoliation method has been demonstrated to prepare
graphene forming a stable dispersion in the waste solvent, without any functionalization and surfactant. It has been
observed that wastewater stored at +4 degrees helps EE due to its acidic nature. The existence of the produced graphene
was successfully confirmed by XRD. The findings suggest a low-cost production process for synthesizing graphene and
graphene oxide.

2. Material and Method
Materials and characterization

Two graphite rods with a diameter of 5.6 mm. Sodium sulphate Na,SO, were supplied by Merck assay and used as
electrolytes. All of the synthesis procedures involved the use of distilled water. The two electrodes received a DC voltage
of 10 V as a constant potential (NEL Electronic). XRD measurements were performed on a Rigaku diffractometer X-ray
Miniflex 600 model to identify the crystallographic structure of the graphene.

Graphene synthesis by electrochemical exfoliation

Figure 1 shows a schematic illustration of graphite EE. All experiments were carried out under ambient conditions. In
this work, graphene was electrochemically synthesized using a traditional two-graphite rod electrode setup [14]. The
wastewater whey to be used as the electrolyte in the experiment was filtered with qualitative filter paper to separate it
from sediments. A graphite rod served as the working electrode and a second graphite rod served as the counter electrode
for the EE. At a distance of around 2 cm, the anode and cathode graphite rods were positioned parallel to one another. A
100 ml solution of waste cheese water (+4 °C) and 10 g Na,SO, (v/v) were used as the electrolyte. For one hour, the
direct current (DC) bias voltage was maintained at 10 V. After the exfoliation process, 1 hour, the experimental setup was
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turned off. The liquid part of the resulting graphene solution was poured, and the filtrate was centrifuged with distilled
water at 1500 rpm for 5 minutes at room temperature three times. Following drying at 100 °C in a vacuum oven, the
powder was produced [15]. During the entire electrochemical process, the release of gas bubbles was observed, which
became denser with increasing electrolyte concentration. Figure 2 shows photographs of wastewater and the experimental
setup.

/

Cathode

Electrochemical exflotation

Figure 1. Diagram showing the equipment used in the electrolytic exfoliation method to synthesize graphene

Figure 2. Photographs of (a) waste cheese water and (b) experimental setup
3. Result

The anode and cathode were separated by 2 cm and submerged in electrolyte to a depth of 200 mm prior to the electrical
power being turned on [1]. Throughout the preparation process, it was noted that the electric current fluctuated but the
voltage remained steady at 10 V. After electrolysis, a stable graphene dispersion was produced. To get bulk graphene
particles, this supernatant was rinsed with DI water and then dried in a vacuum oven. Then, powder graphenes were
analyzed by taking 5 g samples. Figure 3 shows the images of the anode and cathode electrodes before and after the
electrolytic exfoliation reaction. It is clearly seen that the working area is corroded after the electrolytic exfoliation
reaction of the graphite cathode electrode. Figure 4 images of the dispersion in the cell after the electrolytic exfoliation
reaction (b) of the graphene dispersion after centrifugation are shown. Gas evolution was observed in the two-electrode
cell. The graphene shed during the reaction accumulated at the bottom of the cell. After centrifugation, the graphene
dispersion was overdried at 100 °C overnight to remove water.
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Figure 3. Image of (a) anode and cathode electrodes before and (b) cathode electrodes after electrolytic exfoliation
reaction

Figure 4. Photographs of (a) the graphene dispersion obtained by electrolytic exfoliation of graphite, (b) the state of the
graphene dispersion after centrifugation

XRD was used to determine the exfoliated graphene’s crystal structure and interlayer spacing. Three strong peaks at
around 26.488°, 42°, and 54.5433°, which correspond to the (002), (101), and (004) crystallographic planes,
respectively, are shown in Figure 5, which depicts the purification of the raw graphite powder [6]. The peak at 20 = 26°,
which corresponds to the (0 0 2) reflection of the graphitic structure and indicates the existence of graphene, is a hallmark
interlayer stacking peak of aromatic systems [6, 12]. The XRD results, which are consistent with earlier research,
demonstrated that graphite may be successfully exfoliated to produce graphene [12]. Figure 6 shows a Short Circuit
Current versus time graph. In Figure 6 it can be seen that the current was at 0.36 when the experiment started. Meanwhile,
the electrons released from the graphite anode began to move towards the cathode. After 5 minutes, this value reached
the maximum value of 0.42. After 30 minutes, the current started to decrease and after an hour it dropped to 0.18.
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Figure 5. XRD spectrum of graphene
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Figure 6. Current versus time graph

4. Discussion and Conclusion

In this work, leftover whey was used as the electrolyte in an extremely straightforward and inexpensive approach devised
by EE to synthesize graphene from graphite rod. The exfoliation process was initiated by the wastewater weakening the
bonding and interlayer forces inside the graphite during the effective reaction that occurred in the electrochemical cell.
Graphene production was successfully achieved by 1-hour EE using a two-electrode arrangement at +10 V constant
potential. Produced graphene can be used in various applications, especially energy applications. However, more
experiments and characterizations are needed, and the electrolyte solution needs to be improved to achieve a more
efficient reaction. Additionally, the study performed with two electrodes can be compared with a three-electrode cell.
Thus, the usability of the graphene produced for supercapacitors and batteries can be discussed.
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