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ABSTRACT 
 
Finding a promising material as an alternative resource to replace the consumption of fossil 
fuels is necessary as the depletion of fossil fuels is increasing annually. A novel approach was 
explored to produce graphene from natural renewable resources. In this work, a laser 
scribing technique was conducted to produce large-scale graphene from Empty Fruit 
Bunches (EFB) of oil palm lignin biopolymer by varying the laser power. The morphology, 
structure, and electrical conductivity of scribed graphene were investigated at different 
laser power. Herein, a porous form-like structure with multilayered graphene was obtained 
at a laser power of 75%. The crystallite size (La) of laser power 75% was 28.4nm which 
shows a higher degree of graphitization was formed as laser power rises. Furthermore, the 
resistance was lesser at 75% laser power compared to 50% laser power concluding that 
75% laser power has better electrical conductivity than low laser power. Hence, lignin-based 
laser scribed graphene (LSG) can be a promising and sustainable green substrate material 
to be utilized in supercapacitor applications. 
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1.  INTRODUCTION 
 
Graphene has been a remarkable material since 2004 when the noble prize was awarded to Geim 
and Novoselov for identifying graphene just using pencil led and adhesive tape [1]. Graphene 
induces physiochemical performance in almost all research sectors, especially in the energy 
sector. Honeycomb morphological structure in a single layer thickness atom of graphene leads to 
excellent electron mobility and electrical conductivity. Furthermore, a wide surface area with an 
abundant edge plane site of graphene enhances the electrochemical activity and electrolyte 
diffusion for supercapacitor application [2], [3]. 
 
Chemical vapor deposition (CVD), mechanical exfoliation, and chemical exfoliation are the usual 
methods used to synthesize graphene. However, these methods have drawbacks in terms of high 
temperature used complex procedures, time-consuming, and small-scale graphene production. 
Therefore, a simple laser scribing method was introduced to synthesize graphene. Generally, 
laser scribing is a direct one-step method in converting polyimide (PI) film into graphene through 
pulsed ultraviolet laser scribing treatment with parameters such as power and speed involved. 
Researchers utilize the laser scribing method because it’s capable of producing conductive 
graphene in a short time at a low temperature with excellent productivity and reproducibility.  
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The formation of graphene from polyimide (PI) film has opened a new promising platform for 
discovering graphene [4], [5]. However, this technique has certain limitations in terms of being 
non-environmentally friendly, preoccupying large resources, and forming large polyimide waste 
after its service life. So, an alternative environmentally friendly substrate is needed to replace 
polyimide film. Biomass material is the best candidate to be used as a substrate as it is an 
abundant renewable resource on earth, low in cost, biodegradable, and environmentally friendly. 
In precise, natural lignin has remarkable characteristics such as high thermal stability, high 
carbon content, biodegradability, excellent physical and chemical properties, favorable stiffness, 
and attractive green polymer material for energy storage applications [6]. 
 
In this work, oil palm lignin-derived graphene was fabricated by varying the laser power using 
CO2 laser system. The morphological, optical, and electrical properties were also studied for 
further use in green supercapacitor technology. 
 
 
2. MATERIAL AND METHODS  
 
2.1 Preparation of Lignin Solution 
 
Lignin solution was prepared by adding 10 grams of lignin powder obtained from EFB oil palm 
little by little into 50 ml distilled water in a beaker. Then, the mixed solution was stirred at 500 
rpm on a hot plate using a magnetic stirrer until a homogenous lignin solution was formed. This 
diluted lignin solution contains 20% lignin and must be kept in a controlled atmosphere to inhibit 
lignin deterioration. 
 
2.2 Preparation of Lignin Platform for Laser Scribing 
 
The drop coating method was used to prepare the lignin platform. Firstly, several laboratory glass 
substrates with a dimension of 100 mm by 178 mm were prepared. Then, the glasses were 
cleaned with an ethanol solution to avoid contamination before dropping lignin on the glass 
surface. Lignin solution was dripped until the entire glass was covered, and the glass was dried 
at 50 ⁰C for 30 minutes to guarantee the layer was appropriate for the next coating. This coating 
process was repeated up to 5 layers of lignin film were produced. 
 
2.3 Laser-Scribed Graphene (LSG) Synthesis 
 
The prepared lignin platform then proceeded to the laser process. CO2 laser cartridge with a max 
power of 30W induces the conversion of lignin into a black product considered graphene. The 
parameters of the laser scribing process are laser speed, laser power, and pulse per inch (PPI). 
Therefore, in this experiment laser speed and pulse per inch were fixed to 50% and 500%, 
respectively. Variations of laser power were fixed at 50% and 75% to determine the quality of 
the black product formed [7], [8]. The powers below 50% and above 75% were ignored as they 
failed to convert lignin into graphene and damaged the glass substrate. 
 
2.4 Characterization 
 
Field Emission Scanning Electron Microscopy (VP-FESEM) (Carl Zeiss SUPRA55 VP, Gemini), 
Raman spectroscopy (514nm laser) (HORIBA Jobin Yvon HR800) and electrochemistry 
impedance spectra (Metrohm Multi Autolab M204 Potentiostat/Galvanostat) were carried out to 
determine the morphological, optical and conductivity of the fabricated laser scribed materials. 
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3. RESULTS AND DISCUSSION 
 
3.1 Field Emission Scanning Electron Microscopy (FESEM) 
 
Figure 1 provides FESEM images of graphene after the laser scribing process at a laser speed of 
50% (Figure 1(a) and Figure 1(c)) and 75% (Figure 1(b) and Figure 1(d)) with fixed laser speed 
at 50% and PPI at 500% at different magnification. Both laser-scribed graphene has porous and 
foam-like structures at different power similar to past studies [5], [9].  The foam-like appearance 
is caused by the release of gas during the laser scribing process, which weakens chemical bonds 
and recombines sublimed atoms into gaseous products that escape via the pores [5], [9]. 
Therefore, when the power has increased the pores of graphene are greater. The pores diameter 
in Fig.1c was in the range of 32nm to 950 nm whereas in Figure 1(d) was 65nm to 1500nm. Laser-
scribed graphene becomes highly porous as power increases due to carburizing process. The sp3 
carbon atom in the lignin molecule was converted to a sp2 carbon atom at an instant heat 
produced by the laser machine [4], [7]. The oxygen was mainly removed from lignin to form 
reduced graphene oxide with a 3D structure during the carbonization process. The large porous 
surface area of laser scribed graphene induces the electrochemical performance by faster 
diffusion of ion to electrode from electrolyte and mass transportation [9],[10]. Hence, the porous-
like structure formed by laser scribing, the graphene will be beneficial for the development of 
potential supercapacitor and biosensor applications [11],[12].  
 

 
Figure 1. FESEM images of LSG at the power of (a, c) 50% and (b, d) 75%. 

 
3.2 Raman Spectroscopy  
 
Figure 2 shows Raman spectroscopy of LSG at laser power 50% and 75%. Both spectra displayed 
the three major bands which are the D band, G band, and 2D band. The LSG at 50% power revealed 
a D, G and 2D band at 1340 cm-1, 1575 cm-1, and 2675 cm-1. However, the LSG at 75% power 
has a D band at 1360 cm-1, a G band at 1573 cm-1, and a broad 2D band from 2300 cm-1 to 2700 
cm-1. The D band is due to out-of-plane vibrations attributed to the presence of structural defects, 
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edge effects and dangling sp2 carbon bonds that break the symmetry while the G band shows the 
presents of in-plane vibration of sp2 bonded carbon atoms like graphene. The 2D band is referred 
to the stacking order of graphene layers. Additionally, it can be seen that laser power influences 
band intensity due to the increased graphitization degree caused by heat ablation [7],[13]. The 
Raman results of both spectra were shown in Table 1. The ID / IG ratio of laser power of 50% is 
higher than the ID / IG ratio of laser power of 75% indicating that the crystallinity of graphitic is 
better at 50%. Furthermore, both laser powers synthesized multi-layered graphene as the I2D / 
IG ratio is less than 1 meanwhile the crystallite size (La) of 75% power is greater than 50% power. 
Most importantly, the crystalline size of current findings is comparable to and better than 
previous studies carried out with other types of lignin [2], [9]. 
 

 
Figure 2. Raman spectrum of LSG at the power of (a) 50% and (b) 75%. 

 
Table 1 Raman Spectroscopy result of LSG by different power 

 

Power (%) ID / IG I2D / IG La (nm) 

50 0.8 0.15 24.3 

75 0.7 0.16 28.4 

 
3.3 Electrochemical Impedance Spectroscopy (EIS) 
 
The electrical conductivity of the fabricated LSG was identified through EIS analysis as shown in 
Figure 3. The laser-scribed graphene was deposited on Screen-Printed Electrode (SPE) to 
determine whether the LSG material affects the performance of the commercially developed 
electrode. The intercept on the Z' axis and semicircle diameter of the EIS curves in the high 
frequency area region represent the equivalent series resistance (ESR) and charge transfer 
resistance (Rct) of a material indicating the sum of the electrode's natural resistance and the 
electrolyte's ionic resistance [14], [15]. The semicircle of 75% laser power graphene is smaller 
than 50% laser power graphene with a difference of 400 Ohm shows the lower resistivity of 75% 
laser power graphene. Ultimately, 75% laser power graphene has a superior electrical 
conductivity compared to the 50% laser power graphene due to excellent interfacial properties, 
crystallinity, and morphology. The FESEM results of 75% laser power graphene containing 
numerous micropores and micropores are the clear evidence for the enhancement of electron 
transfer efficiency between laser scribed graphene and carbon filled SPE surface [2]. The 
experiment was repeated on 5 different SPE electrodes as shown in Figure 4.  



International Journal of Nanoelectronics and Materials 
Volume 15 (Special Issue) December 2022 [213-219] 

217 
 
 

 
 

Figure 3. Electrochemical Impedance Spectroscopy of LSG at the power of 50% and 75%. 
 

 

 
 

Figure 4. Repeatability of the EIS reading using five different SPE electrodes. The inset image represents 
the picture of Screen-Printed Carbon Electrode (SPCE).  
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4. CONCLUSION 
 
In short, optimizing the parameters of laser scribed machines according to the number of layers 
and thickness of each layer was the biggest challenge to obtain valuable graphene. It was found 
that through laser scribing foam-like structure graphene was able to obtain which will effectively 
enhance the surface area for faster ion diffusion from the electrolyte to the electrode. 
Furthermore, it also provides an opportunity to bind nanomaterials on LSG for an enhanced 
supercapacitor with high energy and power density. Raman spectroscopy proves that lignin can 
be converted into graphene when heat treatment was applied and act as an alternative renewable 
resource of graphene. Furthermore, laser power affects the quality of graphene, therefore 
optimizing the laser power is much required for supercapacitor application.     
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