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This study aims to investigate the effect of surfactant mass on graphene
production from Nipah shell charcoal (FLG-Nyp) via the Liquid Phase Exfoliation
(LPE) method. The mass of Linear Alkylbenzene Sulfonate (LAS) surfactant was
varied at 2 g, 2.5 g, and 3 g, with a fixed charcoal mass of 3 g and 250 mL of
deionized water. The sonication process was carried out for three hours, after
which the resulting suspension was dried at 105°C for two hours to obtain FLG
powder. Characterization was performed using Scanning Electron Microscopy
(SEM), X-ray Diffraction (XRD), and UV-Vis spectrophotometry. SEM results
showed that adding up to 3 g of surfactant produced thinner FLG sheets with more
homogeneous dispersion. XRD analysis revealed that the diffraction peak of FLG-
Nyp; appeared at 28 = 26.50°, consistent with literature values, indicating the
formation of an amorphous structure with the highest degree of exfoliation
among the three variants. UV-Vis analysis exhibited a characteristic absorption
band at 232 nm for all three samples. The results indicate that the exfoliation of

graphitic carbon sheets increased with increasing surfactant mass.

1. Introduction

Graphene has become one of the most important
topics in nanomaterials research due to its two-
dimensional (2D) structure and unique combination of
physical properties [1]. Graphene is generally classified as
a few-layer structure, similar to single-walled, double-
walled, or multi-walled carbon nanotubes. This is due to
its highly flexible carbon framework, which facilitates
functionalization and integration into various fields of
application [2]. Graphene can be applied in a wide range
of fields, including adsorbents, photovoltaic and
photocatalytic applications of pollutants, and fluorescent
sensors designed for the detection of pollutants, and
electrochemical sensors [2, 3].

One source of charcoal for graphene production is
biomass-derived charcoal. Nipah shell charcoal offers
added value from a sustainability perspective. Nipah
(Nypa fruticans Wurmb.) shells have a high carbon content
and a lignocellulosic structure that can be converted into

activated charcoal or amorphous carbon material through
carbonization [4, 5].

Various synthesis methods are used to produce
graphene, including chemical vapor deposition, epitaxial
growth on an insulator (SiC), reduction of graphene
oxide, electrochemical methods, and sonochemical
methods via liquid phase exfoliation (LPE) [6]. Among
these methods, sonochemical via LPE is now widely used
to produce new materials with unique characteristics.
These superior properties are achieved because
sonochemistry can produce particles that are
significantly smaller and have a higher surface area than
those produced by other techniques. Specifically, the
sonochemical method works by directly exfoliating
natural graphite using prolonged, mild sonication to
produce defect-free multilayer graphene.

LPE is a simple, cost-effective method that can use
environmentally friendly solvents [7]. LPE utilizes
ultrasonic waves, in the presence of a surfactant, to break
graphite layers by weakening van der Waals interactions
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[8]. Surfactant-assisted LPE of graphite to produce
dispersed graphene is one of the simplest, non-toxic, and
environmentally friendly methods [9]. However, the
efficiency of graphite exfoliation into graphene is
strongly influenced by the presence of surfactant, which
reduces interfacial tension and facilitates the separation
of graphite layers [10].

The exfoliation of graphene layers can be facilitated
by using the surfactant linear alkylbenzene sulfonate
(LAS), which is found in commercial detergents. This
surfactant weakens the interlayer Van der Waals forces in
graphite, allowing the vibrations from the sonication
process to effectively separate the graphene sheets. The
use of this economical commercial detergent, rich in LAS
surfactant, also serves as a solution to reduce the
production costs of graphene [7].

Several previous studies have shown that the type
and concentration of surfactant affect the yield and
morphology of the graphene produced [10, 11].
Surfactants can modulate the surface energy of graphene,
thereby enabling stable dispersion. While preventing
graphene agglomeration, the volume effect of surfactants
can also result in large distances between nearby
graphene sheets, which affects the conductivity of
graphene and the permeability of graphene membranes
in the dispersion system [12].

Gayatri and Tjahjono [13] synthesized graphene from
broiler chicken bone waste using the LPE method by
varying the carbonization temperature (400°C and
600°C) and surfactant volume (0.76, 0.96, and 1.16 mL).
Based on the UV-Vis characterization results, the greater
the volume of surfactant added, the higher the
absorbance. The UV-Vis spectra revealed that the best
graphene material was obtained at a carbonization
temperature of 400°C and a surfactant volume of 1.16 mL.
However, studies on the effect of surfactant mass on the
production of biomass-based graphene remain limited.
Therefore, this work focuses on the effect of variations in
the mass of the surfactant LAS, with the composition of
graphite, surfactant, and deionized water, based on
previous research [13, 14].

2. Experimental
2.1. Materials and Equipment

The main material used was Nipah shell charcoal
previously carbonized at 300°C for 2 h, as reported in an
earlier study [5]. Additional materials included linear
alkylbenzene sulfonate (LAS) surfactant and deionized
(DI) water. The equipment used consisted of a Taffware
bath ultrasonic cleaner 60 W-40 KHz, filter paper 20—25
um, oven, standard glassware, porcelain crucibles, UV—
Vis-NIR spectrophotometer, X-ray Diffractometer
(XRD), and Scanning Electron Microscope (SEM).

2.2. Synthesis Procedure for Graphene from Nipah
Shell Charcoal (FLG-Nyp)

A total of 3 g of Nipah shell charcoal was mixed with
LAS surfactant at 2 g (FLG-Nyp2), 2.5 g (FLG-Nyp..5), and
3 g (FLG-Nyps), and 250 mL of deionized water [15]. The

mixture was sonicated for 3 h at room temperature to
promote exfoliation. The sonicated suspension was then
filtered and dried in an oven at 105°C for 2 h to obtain dry
FLG-Nyp powder.

2.3. Characterization

The FLG-Nyp products were characterized using
SEM to observe surface morphology, XRD to determine
crystallinity, and UV-Vis-NIR spectrophotometry to
evaluate the optical properties of FLG-Nyp.

3. Results and Discussion

Graphene was synthesized from Nipah shell charcoal
using an ultrasonic cleaner with LAS surfactant to
promote graphite exfoliation and produce thinner layers.
Ultrasonic waves generate cavitation bubbles that create
high local pressures, causing graphite layers to peel off
and form graphene sheets. LAS surfactant must be added
to the FLG-Nyp synthesis because the interlayer pressure
between graphite layers is relatively low and exfoliation is
difficult; therefore, a surfactant is required to assist the
exfoliation process [16]. Based on the synthesis results,
there was no significant change in the appearance of the
suspension before and after sonication (Figure 1). As
shown in the figure, the color of the suspension remained
intensely black before and after sonication. The absence
of a visible color change in graphene suspensions often
indicates that the exfoliated material may have a low
concentration [17].

3.1. Surface Morphology of FLG-Nyp by SEM

The surface morphology of FLG-Nyp, synthesized
from Nipah shell charcoal with varying surfactant
masses, is depicted in Figure 2. For FLG-Nyp., the surface
structure appears partially open, with several thin layers,
but stacking and irregularities remain visible, indicating
that exfoliation is not yet fully uniform. In FLG -Nyp..,
the morphology shows more clearly defined, better-
dispersed thin layers with minimal agglomeration. In FLG
-Nyps, the morphology exhibits T-sheet-like structures
with wrinkled edges, suggesting the formation of thinner
layers. This observation is consistent with Chia et al. [18],
who reported that graphene typically displays
transparent or thin-layered structures. Based on these
results, increasing the LAS surfactant mass results in
thinner surface layers in FLG-Nyp.
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Figure 1. (a) before sonication (b) after sonication
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Figure 2. SEM micrographs at 10,000x magnification of (a) FLG-Nyp., (b) FLG-Nyp2.s, and (c) FLG-Nyp;

3.2. Crystallinity of FLG-Nyp by XRD

The structure of the graphene sheets obtained by
ultrasonic exfoliation with an LAS surfactant was
analyzed using XRD. As shown in Figure 3, all FLG-Nyp
samples display broad diffraction peaks, indicating low
crystallinity and the formation of amorphous structures.
The XRD pattern of exfoliated graphene FLG-Nyp. shows
a strong peak at 26 = 23.01°, corresponding to an
interlayer distance (d) of 3.86 A. FLG-Nyp,.; exhibits a
peak at 26 = 23.50° with d = 3.78 &, and FLG-Nyps at 26 =
26.50° with d = 3.36 A. These results agree with Honorisal
et al. [19], who reported that the diffraction peak of
graphene occurs at 20 = 20-26° these values and
positions are characteristic of few-layer graphene (002)
reflection. Another study on graphene synthesized using
two different solvents reported diffraction peaks at 26 =
26.62° and 26.22° [20].

Previous research that exfoliated graphite into
graphene with the aid of an anionic surfactant found the
graphene diffraction peak to be located at 26 = 22.1° [21].
The decrease in interplanar spacing, as observed in FLG-
Nyp.s and FLG-Nyps;, may be attributed to the loss of
oxygen functional groups and water molecules within the
carbon layer structure [22]. The addition of oxygen
functional groups such as hydroxyl, epoxide, and
carboxyl, together with the presence of water molecules
within the carbon structure, can increase the interlayer
spacing (d-spacing). Conversely, the reduction of these
functional groups, along with the loss of water molecules
within the carbon structure, can decrease the interlayer
spacing, thereby causing a shift in the interplanar spacing
of graphene [23].

Based on the diffraction peaks in this study,
increasing the mass of LAS surfactant in the synthesis of
FLG-Nyp vielded progressively smaller d-spacing values.
This indicates that the higher the mass of surfactant
added, the purer the resulting FLG-Nyp material. This is
evident from the diffraction peak of FLG-Nyps;, which was
obtained at the largest surfactant mass variation, namely
3 g, in range 2, consistent with the literature [19, 24].
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Figure 3. XRD diffractogram of FLG-Nyp samples

3.3. Optical Properties of FLG-Nyp by UV-Vis-NIR
Spectrophotometer

The optical properties of the synthesized FLG-Nyp
were analyzed using a UV-Vis-NIR spectrophotometer.
The analysis of solid samples for maximum wavelength
determination was performed using a UV-Vis-NIR
spectrophotometer via DRS. The solid FLG-Nyp samples
were packed into the sample holder until compact and
level at the surface, and placed at the measurement port
of the integrating sphere. The wavelength range used was
200-800 nm, encompassing the ultraviolet and visible
regions. The measurement results for FLG-Nyp are
presented in Table 1 and Figure 4.
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Table 1. Absorbance and Amax of FLG-Nyp

Materials Absorbance Amax (NmM)
FLG-Nyp2 0.400 232
FLG—Nypz,s 0.508 232
FLG-Nyp; 0.524 232
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Figure 4. UV—-Vis spectra of FLG-Nyp samples

UV-Vis absorption analysis provides information on
conjugation and bonding in graphene. Based on Table 1
and Figure 4, identical absorption peaks at 232 nm are
observed for all three FLG-Nyp samples. The absorption
peaks of FLG-Nyp in the 200—-300 nm range correspond
to the m—m* absorption band. The FLG-Nyp absorption
peakaround ~230 nm is associated with w—n* transitions
occurring during graphite exfoliation [18]. The m—m*
transitions can arise from chromophore groups
associated with C=C bonds in graphene. The FLG-Nyp
absorbance peak at ~232 nm is characteristic of graphene,
which typically appears in the range of 220—270 nm [14,
25].

4. Conclusion

This study demonstrates that the mass of the LAS
surfactant influences the exfoliation of graphite into
FLG-Nyp. Increasing the surfactant mass resulted in
progressively thinner FLG-Nyp layers, with FLG-Nyp;
exhibiting the most pronounced exfoliation among the
investigated formulations. These findings indicate that a
LAS surfactant mass of 3 g was the most effective
condition for graphite exfoliation under the experimental
conditions employed. The results provide a basis for
controlling graphite exfoliation via surfactant-assisted
processing in the preparation of FLG-Nyp.
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