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Abstract. Graphene is a technologically important two-dimensional carbon 

material due to its exceptional electrical conductivity, mechanical strength, 

and potential for energy storage applications. However, conventional 

graphene synthesis methods often encounter challenges related to scalability, 
structural control, and environmental sustainability. Flash Joule Heating 

(FJH) provides an alternative approach that enables high-temperature 

conversion of carbon-based materials through a simplified process. In this 

study, turbostratic graphene was synthesized from a mixture of commercial 
graphite and acetylene black (AB) using FJH method. Raman spectroscopy 

revealed an increased intensity ratio of the D to G band ID/IG indicating a 

higher density of structural defects, while the intensity ratio of the 2D to G 

band ID/IG confirmed the presence of few-layer graphene. X-ray diffraction 
(XRD) analysis showed rotational disorder of graphene layers, characteristic 

of turbostratic stacking. While Scanning Electron Microscopy (SEM) images 

revealed the transformation of compact graphite particles into fractured and 

thinner structures. The addition of AB increased defect density and 
influenced the structural and electrical-related properties of the resulting 

material. These results demonstrate that FJH enables the direct conversion of 

commercial graphite into turbostratic graphene through an efficient and 

environmentally sustainable route with promising potential for energy 
storage applications. 

1 Introduction 

Graphene is a two-dimensional carbon allotrope composed of sp²-hybridized carbon atoms 

arranged in a hexagonal lattice. Graphene exhibits exceptional mechanical, electrical, and 

thermal properties arising from its two-dimensional sp²-bonded carbon structure, making it 

an attractive material for a wide range of advanced applications. These properties have driven 
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extensive research into graphene-based materials for electronic, optoelectronic, and energy-

related devices [1].  

Structurally, graphene is derived from graphite, a layered carbon material composed of 

stacked graphene sheets [2]. Consequently, graphite is a natural and widely used precursor 

for graphene production through top-down approaches. Graphite has a non-equivalent layer 

arrangement, called A and B in Bernal configuration (ABABAB…). The interlayer spacing 

in graphite is approximately 3.35 Å, while the in-plane carbon-carbon σ bonds have a bond 

length of about 1.42 Å. The remaining p orbitals form delocalized π bonds oriented 

perpendicular to the basal plane, leading to weak interlayer attraction between adjacent 

graphene layers [3]. Currently, the anode material of lithium ion batteries is based on graphite 

because it has good stability, high coulomb efficiency, affordable, safe, and good cycling 

performance. Graphite has a maximum theoretical Li+ storage capacity of 375 mAh g⁻¹ [4]. 

Many studies have been explored to improve the electrochemical performance of graphite 

anodes, such as the use of smaller particles, preparing graphite/nano-powder composites, and 

oxidizing or purifying graphite [5]. In addition, acetylene black (AB) is a conductive carbon 

material with an amorphous to partially graphitized structure. AB is another carbon allotrope 

which is formed through carbon derived from an incomplete combustion of acetylene gas 

(C2H2) under a controlled temperature and pressure without the presence of oxygen. AB has 

several advantages, including conductive properties in charge transfer, high porosity and 

surface area with a good absorbtivity and chemically stable [6]. Due to its high electrical 

conductivity, surface area, and structural compatibility with graphitic carbon, AB is 

commonly used as a conductive additive in lithium-ion battery electrodes and can influence 

electrical and structural evolution during high-temperature processes. 

Graphene synthesis is commonly divided into two main approaches based on the type of 

starting material. In the top-down approach, graphite is used as the precursor and the process 

aims to weaken the interactions between graphene layers so that thinner sheets can be 

obtained. By contrast, the bottom-up approach starts from various carbon-based precursors, 

which are broken down under high-energy conditions, allowing carbon atoms to rearrange 

and form graphene [7]. However, existing synthesis methods have several deficiencies, 

including time efficiency, inconsistent final product results, using chemicals that causes 

potential to damage the environment. To improve these shortcomings, the flash joule heating 

method offers advantages in terms of time efficiency and eco-friendly.  

Flash joule heating (FJH) is a synthesis method used to convert carbon precursors into 

graphene. In this process, electrical energy stored in capacitors is rapidly released into the 

precursor material, producing intense Joule heating within a millisecond The discharge 

generates a high current (>400 A) at low voltage, leading to a short thermal pulse with 

temperatures reaching approximately 3000 K. Such ultrafast heating enables rapid structural 

transformation of carbon materials without extended thermal treatment. As a result, FJH is 

considered a promising approach for high-temperature material synthesis due to its simplicity 

and short processing time [8]. During FJH, the electrical conductivity of the precursor 

mixture affects the current distribution and heat generation within the system. In this study, 

AB is used not only as a conductive additive but also as a variable to control the conductivity 

of the precursor mixture. Variation of the AB content is expected to influence the FJH process 

and the resulting structural transformation of graphite into turbostratic graphene. The 

resulting FJH-treated materials are subsequently utilized as conductive additives in graphite-

based anodes to evaluate their effect on the electrochemical performance of lithium-ion 

batteries. 

A comparison of commonly reported graphene synthesis methods, including their raw 

materials, advantages, and limitations, is summarized in Table 1. Although various top-down 

and bottom-up approaches have been explored, many methods remain limited by complex 

processing steps, low scalability, or environmental concerns.  

 

E3S Web of Conferences 695, 01010 (2026)

ICSChem 2025
https://doi.org/10.1051/e3sconf/202669501010

2



  Most studies have used polymeric or waste-derived carbon precursors. This work 

investigates acetylene black as a conductive additive in the FJH of commercial graphite and 

its effect on the resulting turbostratic structure. 

Table 1. Variations of graphene synthesis methods [7] 

Raw material Method Result Advantage Disadvantage 

Graphite  Hummers, modified 

hummers, improved 

hummers 

Graphene 

oxide (GO) 
- Higher 

reaction efficiency 

and safer operating 
conditions than 

Brodie and 

Staudenmaier 

methods   

- Tunable 

physical and 

electrochemical 
properties through 

synthesis 

parameter control 

- Oxidation step 

produces toxic gases 

(NO2 and N2O4) 

- Residual Na⁺ 

and NO₃⁻ ions are 

difficult to remove 
from wastewater 

after GO synthesis 

and purification 

CH4, C2H6, 

C3H8 gas/ SiC 

Epitaxial growth on 

SiC 

Graphene Precise control 

over graphene 

layer thickness 

Limited scalability 

CH4, C2H6, 

C3H8 gas/ SiC 

Chemical vapor 

deposition 

Graphene High-quality 

graphene with 
large domain size 

High production cost 

and complex process 
control 

CH4, C2H6, 
C3H8 gas/ SiC 

Arc discharge 
method 

Graphene Relatively high 
production rate 

Carbonaceous 
impurities 

Graphite Mechanical/ 
Micromechanical 

exfoliation 

Graphene Large graphene 
flakes with 

minimal structural 

defects 

Limited scalability 

Graphite Chemical synthesis Reduced 

graphene 

oxide (rGO) 

Scalable and low-

cost process 

Low yield and 

requires additional 

purification 

Graphite Liquid phase 

exfoliation 

Graphene High-quality 

graphene with 
relatively low 

defect density 

- Limited 

availability of 
suitable solvents  

- Dependence on 

costly and 
potentially toxic 

dispersing solvent 

2 Material and Method 

2.1 Material  

The materials used in this research include graphite powder (Gelon LIB. Co. Ltd., China), 

acetylene black (AB) (Gelon LIB. Co. Ltd., China), distilled water, and copper foil. All 

materials were used as received without further purification. 

 

 

 

 

E3S Web of Conferences 695, 01010 (2026)

ICSChem 2025
https://doi.org/10.1051/e3sconf/202669501010

3



2.2 Preparation and application of the FJH method 

Four samples were prepared to investigate the effects of the FJH method with varying AB 

contents. Untreated commercial graphite was used as the control sample (Gft). The remaining 

samples consisted of commercial graphite mixed with different weight percentages AB, 

namely FG-5 (5 wt% AB), FG-10 (10 wt% AB), and FG-15 (15 wt% AB), which were 

synthesized using FJH method to evaluate the influence of AB concentration on the structural 

properties of the resulting materials. For each experiment, 0.4 g of sample was placed in a 

quartz tube and compressed between a copper foil and a copper rod electrode to ensure 

effective electrical contact. The FJH system employed a capacitor bank composed of ten 

capacitors, each with a capacitance of 6 mF. The capacitor bank was charged to 

approximately 400 V, as monitored using a multimeter, and subsequently discharged ten 

times under identical electrical conditions for all FJH-treated samples. The FJH process 

generated extreme thermal gradients, leading to rapid structural transformation of the carbon 

materials. All experiments were conducted under ambient atmospheric conditions. After the 

discharge sequence, the samples were allowed to cool naturally to room temperature before 

further characterization. The energy released during the FJH process can be controlled by 

adjusting the effective capacitance while operating under identical voltage and discharge 

conditions. The energy associated with the capacitor discharge is described by Equation (1): 

 
    𝐸 =  (𝑉1

2 − 𝑉2
2 ) ×

𝐶

2
 × 𝑀            

(1) 

Where E refers to the energy consumed during the reaction (J), V₁ and V₂ denote the 

capacitor voltages before and after discharge, respectively, C represents the capacitance of 

the capacitor (F), and M corresponds to the mass of the processed material (g) [9].  

Lithium-ion battery electrodes were prepared using graphite, acetylene black (AB), FG-

10, carboxymethyl cellulose (CMC), styrene butadiene rubber (SBR), and a 1 M lithium 

hexafluorophosphate (LiPF₆) electrolyte dissolved in a mixed ethylene carbonate/dimethyl 

carbonate (EC/DMC) solvent (Gelon LIB Co., Ltd., China). The powders, including graphite, 

AB, and FG-10, were dispersed into an aqueous CMC solution and mechanically stirred at a 

constant speed of 1000 rpm for three hours to obtain a homogeneous slurry. The mass ratio 

of graphite, FG-10, AB, CMC, and SBR was maintained at 83:7:1:3:6 wt%, respectively. 

The resulting slurry was then coated onto copper foil using a doctor blade with a preset 

thickness of 200 μm. Coin-type half-cells (CR2032) were assembled with lithium metal as 

the counter electrode and evaluated using a NEWARE battery testing system controlled by 

the BTS software. Electrochemical measurements were conducted within a voltage window 

of 0.1-1.5 V to investigate the specific capacity, cycling stability, and rate performance of 

the cells. 

3 Results and Discussion 

3.1 Raman Spectroscopy  

Raman spectroscopy was used to evaluate the structural quality of graphene and other carbon 

materials. In graphene, three prominent peaks were observed, corresponding to the D (~1350 

cm⁻¹), G (1580 cm⁻¹), and 2D (2700 cm⁻¹) bands [9]. The G band resulted from the in-plane 

vibrations of sp²-bonded carbon atoms, whereas the D band was caused by out-of-plane 

vibrations associated with structural defects. The defect level in the carbon structure was 

evaluated using the intensity ratio of the D band to the G band (ID/IG). A smaller ID/IG ratio 
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corresponded to a lower defect level, whereas a higher ratio reflected greater structural 

disorder. 

Based on the raman spectroscopy characterization results, the ID/IG ratio value of the Gft 

sample is 0.14. The level of defects or defects in graphite (Gft) is low as evidenced by the 

low intensity of the D band in Figure. Graphite has a very good regularity of atomic 

arrangement which leads to low structural defects in the graphite arrangement. Samples FG-

5, FG-10, and FG-15 have ID/IG ratio values of 0.27; 0.59; 0.42, respectively. Based on 

Farivar et al. [10] graphite material has the smallest ID/IG ratio value when compared to other 

carbon derivatives, which has the ID/IG ratio <0.1, while the graphene sample ratio value 

ranges from 0.19-0.33, which shows that graphene has a defects are higher compared to 

graphite because it undergoes a exfoliation process. Samples that have been synthesized 

using the FJH method have a higher level of defects than the Gft samples. This increase in D 

band intensity indicates defect generation induced by extreme thermal gradients and rapid 

quenching during the FJH process. The effect of this heating can break the carbon bonds in 

the graphite array, causing defects in the flash graphene material.  

 

 

Fig. 1. Result of raman spectroscopy characterization for each variation. 

In general, the I2D/IG ratio in graphene serves as a key indicator of layer thickness. An 

I2D/IG ratio greater than 2 indicates single-layer graphene, while ratios between 1 and 2 

indicate bilayer graphene. Ratios below 1 are diagnostic of few-layer graphene (more than 

two layers) [11]. Our Raman spectral analysis revealed I2D/IG ratios of 0.34; 0.31; and 0.32 

for samples FG-5, FG-10, and FG-15, respectively. The consistently low ratios (<1) and the 

2D band profiles confirm that the synthesized graphene consists of more than two layers, 

classifying it as few-layer graphene. Although increased defect density is often associated 

with structural disorder, such defects may be beneficial for electrochemical applications by 

providing additional active sites and facilitating ion diffusion pathways. The observed 

defects are likely associated with edge-related and basal-plane disorder resulting from rapid 

thermal expansion and quenching, consistent with previously reported FJH-derived graphene 

materials. 

3.2 X-ray Diffraction (XRD)  

XRD characterization was used to determine the crystal phase formed in the flash graphene 

sample through the diffraction peaks produced. The analysis was carried out in the range of 
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2θ = 10°-60° and 2θ = 40°-70° so that the data generated was more focused and the 2θ angle 

peak did not widen.The diffraction pattern that appeared on the Gft sample was located at 

peak (002) with a value of 2θ = 26.4; peak (101) with a value of 2θ = 44.4; and peak (004) 

with a value of 2θ = 55.4. Each has an inter-plane distance (d hkl) of 3.37 Å, 2 Å, and 1.7 Å.  

  Based on the results of XRD characterization, it could be seen in Figure 2(a) that the 

diffraction pattern of each sample showed a peak (002) at a diffraction angle of 2θ = 26.4° 

with decreasing intensity in each sample variation. The strongest diffraction peak was found 

in the Gft sample. The drastic decrease in intensity in the (002) plane in the flash graphene 

samples formed was due to defects in the carbon arrangement and a decrease in crystal size.  

High irregularity due to defects in sp2 hybridization in the graphene layer can cause a 

decrease in the degree of graphitization in the carbon array formed. This is supported by the 

research of Badri et al. [12] which showed a drastic decrease in the intensity of peak (002) in 

exfoliated graphene material caused by a decrease in graphite thickness due to the rupture of 

inter-planar carbon in the graphite structure. In this study, cracked carbon atoms in graphite 

were caused by the combustion reaction generated during the FJH process. The intensity of 

the diffraction peak in the (002) plane decreases with the addition of Acetylene Black (AB). 

The decreasing intensity indicates that the crystal size is getting smaller. Very small crystals 

will produce wide diffraction peaks because small crystallinity has a limited x-ray reflection 

field. The smaller the crystal size of a material, the greater the FWHM and the intensity peak 

decreases [13].  

 

 

Fig. 2. XRD characterization results of each variation at diffraction angle (a) 2θ = 10°-60° (b) 2θ = 
40°-70°. 

 
X-ray Diffraction (XRD) in addition to being used to analyze the crystal structure can 

also be used to analyze the stack of graphene sheets [9]. In Figure 2(b) it could be seen that 

the peak (101) at a diffraction angle of 2θ ~ 44.4° in each sample variation decreases when 

compared to the Gft sample. It can also be seen that at this diffraction angle, the peak shifted 

towards a smaller angle, especially in sample FG-15, the diffraction angle shifts at 2θ ~43.2°.  

In addition, there is also a peak (004) at a diffraction angle of 2θ ~ 54.4°. The intensity 

of the peak at the diffraction angle was also seen to decrease in each sample variation when 

compared to the Gft sample. The peaks that appear in the (101) and (004) planes are 3-

dimensional lines. If the intensity of the 3-dimensional lines decreases, it indicates the 

rotation of the graphene layer [9]. Sample variations FG-5, FG-10, FG-15 each experienced 

rotation of the graphene layer as a result of the FJH method applied to the sample. The (004) 

plane is affected due to a change in the arrangement of carbon atoms after undergoing the 

heating process. Line (00l) shifts to a lower diffraction angle, while the intensity of other 

three-dimensional lines (hkl) decreases. The carbon atoms in the graphene layer may deviate 
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along the graphene normal layer from their usual positions due to compaction resulting from 

the FJH process. The fluctuation of atomic positions along the graphene layer normal line 

has a strong influence on the intensity of line (00l) [14]. Therefore, the graphene layer formed 

is turbostratic. In this study, the formed sample is referred to as turbostratic flash graphene 

(tFG) because in the process it undergoes structural changes due to the FJH method.  

3.3 Scanning Electron Microscope (SEM)  

 
 

   

 

 

Fig. 3. Morphology of (a) graphite (Gft), (b) graphite after FJH treatment without AB, and FJH-treated 

graphite with AB contents of (c) 5 wt% (FG-5), (d) 10 wt% (FG-10), and (e) 15 wt% (FG-15). 

The morphology of the pristine graphite (Gft) was characterized by compact, block-like 

particles with relatively smooth surfaces, as shown in Figure 3(a). This morphology reflects 

the highly ordered and densely stacked structure of untreated graphite, where individual 

graphene layers are strongly held together by van der Waals interactions. After treatment 

using the FJH method, significant morphological changes were observed. As presented in 

Figure 3(b), the graphite particles exhibited pronounced fragmentation, with the original 

large agglomerates breaking into smaller and irregularly shaped particles. In addition, 

portions of the fractured particles display thinner, sheet-like features, indicating partial 

exfoliation induced by the ultrafast thermal shock during the FJH process. These 

morphological changes were attributed to the FJH process and subsequent quenching, which 

generated extreme thermal gradients capable of disrupting the interlayer interactions within 
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graphite. Figures 3(c)-3(e) show the morphology of FJH-treated graphite with different 

acetylene black (AB) contents (5 wt%, 10 wt%, and 15 wt%). All AB-containing samples 

exhibited similar fragmentation and surface roughening, suggesting that the presence of AB 

does not alter the overall exfoliation pattern but may influence the extent and uniformity of 

the structural transformation. In particular, finer particulate features with a sand-like 

appearance are observed surrounding the graphite fragments, which were attributed to the 

dispersed AB particles.  

 The incorporation of AB is expected to enhance the electrical conductivity of the 

precursor mixture, thereby promoting more homogeneous current distribution and heat 

generation during FJH, which in turn facilitates more effective graphite fragmentation and 

exfoliation. The observed reduction in particle size and emergence of thinner structures 

qualitatively support the structural disorder and turbostratic characteristics inferred from 

Raman spectroscopy and XRD analyses. Based on the characterization results, FG-10 was 

used as the representative FJH-treated sample for electrochemical evaluation because it 

represents an intermediate AB content (10 wt%), which is expected to provide a balanced 

composition for effective structural transformation during the FJH process. Therefore, only 

FG-10 was incorporated as a conductive additive in the graphite anode to investigate its 

influence on the electrochemical performance of the assembled coin cell. 

 
(a) 

 
(b) (c) 

Fig 4. Electrochemical performance test of FG-graphite: a. voltage profile charging-discharging, b. 

Cycling test standard condition, c. Rate ability test. 

The (FG-10)-graphite (FG-graphite) coin cell was assembled using an anode formulation 

consisting of graphite, FG-10, AB, CMC, and SBR with mass fractions of 83, 7, 1, 3, and 6 

wt%, respectively. The electrochemical behaviour of the FG-graphite cell was evaluated 

through galvanostatic charge-discharge measurements. As shown in Figure 4a, the initial 
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discharge capacity of the FG-graphite electrode reached 145.2 mAh g⁻¹. The cycling 

performance and rate capability are presented in Figure 4b and 4c. Cycling stability was 

evaluated at a charge current of 0.5C and a discharge current of 1C. As illustrated in Figure 

4b, the cell maintained 87.6% of its initial capacity after 100 cycles, demonstrating that the 

presence of FG-10 effectively enhances capacity retention and cycling stability. Furthermore, 

the rate performance test (Figure 4c) was conducted over a range of charge rates from 1C to 

5C, while the discharge current was fixed at 0.5C. The results indicate that even at a high 

charge rate of 5C, the specific capacity decreased by only 0.4% relative to the initial cycle. 

This behaviour suggests that the incorporation of FG-10 into the graphite anode promotes 

improved electronic conductivity and facilitates lithium-ion transport, leading to enhanced 

rate capability. 

4 Conclusion 

Turbostratic graphene was successfully synthesized from commercial graphite mixed with 

acetylene black (AB) using the flash Joule heating (FJH) method. Raman spectroscopy 

revealed an increased defect density, while XRD analysis confirmed the presence of 

rotational disorder characteristic of turbostratic stacking. SEM observations further 

demonstrated the transformation of compact graphite particles into fractured and thinner 

structures after FJH treatment. The FJH method offers notable advantages, including rapid 

processing, solvent-free synthesis, and scalability. When applied as a conductive additive in 

graphite-based anodes, the FJH-derived material (FG-10) exhibited promising 

electrochemical performance. The FG-graphite coin cell delivered an initial discharge 

capacity of 145.2 mAh g⁻¹ and maintained stable rate capability, with only a 0.4% capacity 

reduction at a high charge rate of 5C. Moreover, the cell retained 87.6% of its initial capacity 

after 100 cycles, indicating enhanced rate capability and cycling stability. These results 

demonstrate that the incorporation of turbostratic graphene can facilitate electronic 

conductivity and lithium-ion transport within the anode. Further optimization of defect 

density and AB content is required to fully realize its potential for lithium-ion battery 

applications. 
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