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Abstract:  

This mini review provides an overview of methods for manufacturing 

expanded graphite (EGT) and the use of its composites with metal oxides in 

the field of photodegradation of dyes. Dyes from textile manufacturing 

represent a significant environmental pollution problem in waterways 

worldwide, highlighting the need for environmentally friendly and efficient 

technologies to remove dyes from industrial and local wastewater. 

Photodegradation technologies offer a low-cost, sustainable solution with 

minimal secondary pollution. Carbon-based materials, such as expanded 

graphite, are advantageous in enhancing catalytic activity. Accordingly, this 

review will explore the different fabrication techniques of expanded graphite 

and summarize the recent development of EGT-metal oxide composite in 

photocatalysis process towards environmental remediation application. From 

this study concludes that the photodegradation method using metal oxide-

expanded graphite composite is an effective and cost-efficient option for 

degrading dyes. 

Keywords: exfoliation; interlayer spacing; photocatalysis; pollutant; X-ray 

diffraction. 

Introduction: 

    The dyeing industry, along with industrial and agricultural waste, 

contributes significantly to environmental pollution. The wastewater created 

from dyeing processes often contains hazardous chemicals that can cause 

severe health issues, affecting both aquatic and human life. Dyes, which are 

commonly toxic, carcinogenic, or mutagenic, pose serious threats to water 

quality, leading to reduced metabolic rates in aquatic organisms and various 

disturbance in humans, such as skin ulcers, nausea, and even bleeding (1–4)   

As such, effective and sustainable solutions for dye degradation are urgently 

required to safeguard human health and the environment. Numerous water 

purification techniques, including physical, biological, and chemical 

methods, have been developed to deal with dye contamination. While 
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physical methods like adsorption and ion exchange are commonly employed, 

they often require costly adsorbents, such as activated carbon, which are not 

always economically feasible [5] . Biological methods, which utilize bacteria 

and fungi, and chemical methods, such as chemical oxidation and solvent 

extraction, are typically slow and expensive [6]. Therefore, emerging 

technologies, particularly those involving nanomaterials, offer promising 

solutions for dye degradation due to their unique properties, including high 

surface area, reactivity, and efficiency. 

Among these promising technologies is photocatalysis, a process where 

semiconducting materials specifically transition metal oxides (TMOs) like 

titanium dioxide (TiO₂), zinc oxide (ZnO), and manganese oxide (MnO₂), 
absorb photons to catalyze redox reactions. This process breaks down 

complex organic molecules, such as dyes, into simpler, non-toxic fragments 

[7]. Metal oxides are particularly valued for their catalytic activity, 

electrochemical properties, and stability, making them ideal candidates for 

photodegradation applications. 

Expanded graphite (EGT) is a form of the layered natural graphite, its carbon 

atoms bonded covalently with a wealth of π-electrons [8]. EGT or graphite 

intercalation compounds (GICs) is a low density an inorganic porous carbon 

[9] can be designed by inserting types of chemical compound or called 

intercalants  between the graphite layers. Intercalants can either be alkali 

metals, which act as electron donors, or iodine, which functions as an 

electron acceptor [10]. Van der Waals force is the binding force between 

graphite layers. EGT is created by destroyed van der Waals interaction by 

thermal or chemical treatments to exhibits a honeycomb microstructure with 

wrinkled graphene sheets, resulting in a high surface area, excellent 

flexibility, and superior thermal and electrical conductivity[11]. EGT has 

garnered significant attention due to its unique structure and remarkable 

properties. The use of oxidizing agents, such as potassium permanganate, 

nitric acid, and sulfuric acid, enhances the intercalation of functional groups 

between graphite layers, leading to an expanded form that is more reactive 

and easier to process [12] . The combination of expanded graphite with metal 

oxides results in composites that take advantage of the synergistic properties 

of both materials. These composites enhance the photocatalytic performance 

of metal oxides in dye degradation. As a result, EGT-metal oxide (MO) 

composites are gaining increasing attention in environmental remediation, 

including in the photodegradation of dyes. This mini-review aims to explore 

the fabrication methods of expanded graphite (EGT), with a particular focus 
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on the role of its metal oxide composites in the efficient photodegradation of 

dyes, contributing to sustainable water treatment solutions. 

Synthesis method and structural characterization of EGT. 

Researchers have explored different methods for synthesizing EGT included, 

chemical and physical methods such as chemical intercalation, oxidation and 

electrochemical method, thermal expansion under low or high temperature 

expansion, microwave expansion and ultrasonic methods [13]. The following 

section reviews their approaches, highlighting the methods that employed and 

the key findings of their studies. 

 Ting et al [14]  prepared expanded graphite at room temperature (RTEG). 

The method was carried out by adding natural graphite (NG) to 

ultrasonication system consist of ammonium persulfate (NH4)2S2O8 and 

concentrated sulfuric acid. RTEG showed an expansion volume up to 225 

times with a worm-like structure [Figure 1]. 

 
Figure 1: (a) A schematic of the RTEG preparation process and (b-g) 

optical images showing the morphological evolution of NG over time. 

 

Additionally, the (002) diffraction peak of the RTEG shifted to the left and 

became weaker than NG disorder suggestion increase the interlayer spacing 

and exfoliation of the graphite layers. The morphological features of the 

samples were investigated using Field-emission scanning electron 

microscopic (FESEM) [Figure 2]. The form of the natural graphite changed 

from a closely stacked layered configuration to fully expansion or worm-like. 
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Figure 2: FESEM images of (a-c) NG and (d-f) RTEG. 

 

Avinash et al. [15] prepared expanded graphite (EG) using natural graphite 

flakes. A binary blend of concentrated sulfuric acid (70 ml) and concentrated 

nitric acid (30 ml) was used to prepare graphite intercalation compound 

(GIC). A rapid expansion at 800 c
°
 in a muffle furnace was used to form EG [ 

Figure 3]. 

  
 Figure 3: Preparation of EGT from natural flake graphite. 

Asghar et al. [16] synthesized graphite intercalation compounds (GIC) with 

low sulfur content, specifically bisulfate-intercalated graphite, using Chinese 

natural flake graphite (CNFG) as precursor in the electrochemical system 

[Figure 4 f]. The anode composed of graphite paste 50% w/w (graphite with a 

diluted H2SO4 solution) and cathode from 316 stainless steels. An acid treated 

of aqueous solution of NaCl (brine 0.3% w/w) was utilized in the cathode 

partition. The electrochemically prepared (1g, GIC) was exposed to 
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temperature shock between 800°C and 900°C for 1 minutes to assess changes 

in bulk volume. The prepared GIC was confirmed through X-ray diffraction 

(XRD). Diffraction of the crude graphite was observed at 2θ = 26.6°, with an 

equivalent d-spacing of 3.35 Å. The peaks observed for electrochemically 

treated CNFG and thermally exfoliated graphite appeared at 2θ = 24° (d = 3.7 

Å) and 2θ = 27.2°, suggesting the construction of a novel crystal structure. 

The scanning electron microscope (SEM) was utilized to examine the 

morphologies of CNFG, prepared GIC, and delaminated graphite. CNFG 

exhibited a characteristic crystalline graphite structure with platelets featuring 

smooth, flat surfaces. In contrast, exfoliated GICs with varying ordinary 

particle sizes (A = 100 µm, B = 184 µm, C = 347 µm, and D = 484 µm) 

displayed linear expansion within the graphite crystal structure [Figure 4]. 

 

 
Figure 4: SEM images of exfoliated GICs as a function of ordinary 

particle size (A = 100 mm; B = 184 mm; C = 347 mm and D = 484 mm) 

and (F) SEM image of CNFG at 400 magnifications. 

F 
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Guojun et al. [17]  synthesized EGT by blending natural flake graphite (NFG) 

with different ratio of intercalators K2Cr2O7, CH3COOH, HNO3 and HClO4 at 

room temperature. Consequently, intercalated graphite was exposed to 

temperatures ranging from 300 to 900 °C for 5 (s) at muffle furnace. SEM 

images of NFG  

revealed that the layers are tightly arranged in a lamellar structure. High-

temperature expansion of graphite significantly alters its structure. At 

temperatures between 300–350°C, intercalated reagents cause the graphite 

layers to strip along the c-axis, increasing layer spacing with minimal 

deformation. At 450°C, the sheets begin to bend, creating a "bulging" effect. 

As the temperature rises further, the graphite structure transforms from 

lamellar stripping to a more curled sheet configuration. 

 
Figure 5: The morphology of NFG and EGs in SEM analysis 

Han-Yu Li et al. [18] prepared expanded graphite foil (EGF) by using 

electrochemical expansion process of graphite foil (GF). A piece of GF and a 

Pt strip served as the working and counter electrodes, respectively, dipped in 

0.1 M of (NH4)2SO4 electrolyte solution. The two parallel electrodes were 

placed at a distance of 2 cm from each other. To induce electrochemical 

expansion, a DC voltage of +10 V was applied to the GF electrode for 0, 1, 3, 

5, 7, and 10 minutes. FESEM was used to studied the microstructure and 

morphology. The high-magnitude SEM image revealed that the worm-like 

strips were composed of several layers of disordered graphene sheets, with 

numerous bubbles, approximately 40 nm in diameter. 

 

450 Cº 
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Figure 6: The fabrication of flexible EGF electrode. 

Ying-Liang Chen et al. [19] Firstly, prepared a GIC by chemical intercalation 

process using mixture of (NH4)2S2O8 as an oxidizing agent and concentrated 

H2SO4 as an intercalating agent. An oxidizing agent and an intercalating 

material were mixed by using an ultrasonic bath. Secondly, EGTs was 

prepared by expansion the intercalates into gases by varied power microwave 

radiation and time. SEM image of the surface of graphite appeared a flaky 

and a smooth with size in range of 300‒600 μm. Also found that the surface 

of GIC became rougher than the GT and have a layered structure. Moreover, 

all EGTs samples that were prepared by exposure GIC to microwave power, 

200 W, 500 W, and 800 W for 60 s showed worm or vermicular -like 

structures. 

Son et al. [20] investigated the thermal exfoliation of expandable graphite 

(EG0) from 0 to 800 ºC, preparing seven different expanded graphite (EG) 

samples to regulate the high volume of expansion and interlayer spacing. 

According to SEM analysis, the SEM image of EG0 revealed lamellar 

structures with well-defined shapes, alongside graphene sheet structures that 

lacked open or semi-open inner pores. At 600 ºC, graphite underwent volume 

exfoliation, expanding by 80 to 100 times and resulting in the creation of a 

distinct worm- shaped structure. This study provides emerging insights into 

creation and advancement of EG, with a reduction in d-spacing observed at 

the most favorable thermal exfoliation temperature of 600 ºC. The XRD 

patterns of expanded graphite at different expansion times (EG1–EG60) 

showed distinct diffraction peaks at 2θ = 26.3°, while the diffraction peak of 

EG0 at 2θ = 26.03° appeared broad. This peak corresponds to the (002) 

plane, resulting in an interlayer spacing (d-spacing) of 3.422 Å (~0.3422 nm), 
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which aligns well with the typical diffraction pattern for graphite. 

Furthermore, the EG1–EG60 samples exhibited a smaller diffraction peak at 

a lower 2θ value of 54.6°, attributed to the (004) plane, compared to EG0 (2θ 

= 54.84°), suggesting enhanced crystallinity in the calcined EG samples. 

With an increase in exfoliation time from 1 to 60 minutes, the (002) plane 

diffraction peak for most EG samples shifted from 2θ = 26.03° to 26.34°, 

while the EG30 and EG60 samples exhibited a shift to 2θ = 26.4°. 

Tiefeng Peng et al. [21] prepared sulfur-free expandable graphite (EGT) from 

natural flake graphite (NFG) using oxidative intercalation with potassium 

permanganate (KMnO₄), perchloric acid (HClO₄), and ammonium nitrate 

(NH₄NO₃). These reagents facilitated oxidation, inducing significant 

structural changes in the graphite. The EGT sample was exposure to high 

temperature at 400 °C for 5 minutes. X-ray diffraction (XRD) analysis 

revealed a decrease in peak intensity and increased peak broadening, 

indicating a loss of crystallinity and structural modifications. The splitting of 

the d002 and d004 peaks and the shift of the diffraction peak to a lower 2θ value 

confirmed the oxidation-induced expansion of graphite. Initially, NFG 

exhibited a compact, lamellar structure, but after oxidation, the graphite 

layers became more spaced out, thinner (several hundred nanometers), and 

curled at the edges. The transformation led to a worm-like structure, and the 

volume increased due to the formation of a porous internal structure with 

interconnected slit and slit-wedge shaped pores. These changes highlight how 

oxidation and intercalation processes significantly alter the graphite’s 

properties, resulting in a highly expanded and porous material suitable for 

applications like flame retardants and energy storage. 

Goudarzi and Hashemi Motlagh [22] prepared various EGT samples from 

graphite intercalated compound (GIC) with particle sizes of 35, 50, 80, and 

200 mesh by heating them in an electrical furnace at temperatures of 700, 

800, and 900 °C. nitrogen adsorption  and SEM have been  considered to 

study the volume and pore size and volume. The FT-IR analysis indicated 

that the EGT structure lacks oxygen-containing functional groups such as 

carboxyl and epoxy groups. The mercury porosimetry analysis demonstrated 

a diverse range of total pore areas for the expandable graphites (EGTs), 

spanning from 5 to 31 m²/g.  It was noted that both the particle size of the 

graphite intercalation compound (GIC) and the exfoliation temperature had a 

significant impact on the pore size distribution of the EGT. It was observed 

that a decrease in exfoliation temperature led to a reduction in sorption 

capacity. Additionally, expandable graphite (EGT) samples derived from 
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graphite intercalation compounds (GICs) at smaller scales of particle size 

exhibited diminished sorption capacities. Also, the SEM image of EGT 

specimen prepared from small GIC size and exfoliated at 900 °C for 30 s 

showed decreasing in the number of the exfoliated layers or compacted in the 

accordions structure. Various methods were used to prepare EGT are given in 

Table 1. 

EGT- MO hybrids in photodegradation of dyes. 

The hybrids MO and EGT created outstanding hierarchical composites, 

which are regarded as a promising alternative for enhancing the 

photocatalytic performance under both UV and visible light irradiation. The 

enhancement of the photocatalytic performance of the hybrids is attributed to 

the combined advantages of each component. MO have distinctive 

characteristics such as a huge surface-to-volume ratio that increased its 

adsorption capacity and reactivity [27].  

The following section will discuss the photocatalysis of EGT-based metal 

oxide nanoparticles. Photocatalysis is one of the many nanotechnologies 

employed to improve pollutant removal efficiency, alongside methods such 

Table 1: Methods and XRD structural characterization of EGT. 

 

Materials 

 

 GT EGT Structure method Ref. 

H2SO4+K2S2O8 

 

2θ= 26.50°  

d =0.3362 

 

2θ =   - 

d= 0.3338 

 

worm-like 

fluffy shape 

Chemical 

method at 80 

ºC
 

[23] 

H2O2+ KMnO4. 
2θ =26.6° 

d = 0.332 

2θ = 25.2° 

d = 0.351° 

increase in 

the interlayer 

spacing 

Chemical 

method 

[24] 

 

Mixture of 

H2SO4 80 wt. 

% with HNO3 

+KMnO4 

2θ =26.2° 

2θ =26.2° 

with 

lower 

intensity 

than GT 

worm or 

accordion-

like 

exfoliation at 

900 ºC 

[25] 

 

NG, KMnO4, 

HClO4 and 

(CH3CO)2O at 

weight ratios of 

1:0.5:1:0.4 

2θ =28.6° 

and 54.68° 
2θ = 26.6° 

wrinkles, 

packed 

layers with 

furrows and 

inner porous 

structure 

microwave 

irradiation (720 

W and 40 s) 

[26] 
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as adsorption [28], ozonation [29], membrane separation [30], ultrafiltration 

membranes [31], electrodialysis [32] , and electrocoagulation [33]. The 

photocatalytic degradation of organic pollutants in wastewater has gained 

significant attention due to its cost-effectiveness, non-toxicity, abundant 

resources, and high catalytic activity under solar energy. Photocatalysis 

reaction accelerates the definite redox (photoreduction-photooxidation) 

reactions with the illuminated semiconductors. Presence EGT, play as 

support structure for the immobilization of heterogeneous photocatalysts, 

inhibits the recombination of electron (e
-
) and hole (e

+
) pairs, and extends 

light absorption into the visible range, as illustrated in Figure 7. 

 
Three main stages are involved in the photocatalytic degradation mechanism: 

First, when the incident light reaches or exceeds the bandgap of the 

photocatalyst (PHOCAT) such as MO, charge carriers—electrons and 

holes—are generated. Upon excitation, electrons are promoted from the 

valence band (VB), resulting in the formation of holes in the valence band, 

while the excited electrons move to the conduction band (CB). Next, these 

charge carriers are adequately distributed across the photocatalytic surface. 

Lastly, redox reactions, including reduction and oxidation, occur on the 

surface of the photocatalyst. When organic pollutants engaged with 

photocatalyst materials, two reactions happened: first, the holes (h
+
) react 

with H2O or OH
-
 to formed OH

. 
 free radical. Secondly, the excited electrons 

react with oxygen to form species of super oxygen radical as illustrated 

in Figure 8 and equations below [34].  
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Figure 8: schematic photocatalysis mechanism [34] . 

 

 
The extremely reactive free radicles formed in Eq.2 and Eq.3 degrade the 

organic pollutants that absorbed on the surface of the photocatalyst incomes 

to water and carbon dioxide. The reduction- oxidation reaction on the 

external surface of the PHCAT occurs due to the reaction of pollutant with 

holes to formed oxidation products and electrons to formed reduction 

products. Table 2 tabulated the photodegradation of organic pollutants by 

EGT-MO as photocatalyst. 

Table 2. EGT-MO based photocatalysts for the photodegradation of 

pollutants. 

 

Photocat

alysts 

Synthesis 

methods 

Pollutan

ts 
Light 

Reaction 

time 

Degradation 

% 
Ref 

ZnO/EG

T 

Facial 

mixing 

Methyl 

orange 

Mercury 

lamp (30 

W) 

3h 94 [35]  

ZnO/ 

EGT 

Facial 

mixing 

Malachit

e green 

UV 8W 

(λ=254 

nm) 

Visible 

3h 

99.04 

 

94.06 

[36] 
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100W 

(λ=400) 

ZnO/ 

EGT 

Oxidatio

n of 

graphite 

with 

ZnSO4 

Auramin

e lake 

yellow 

O 

UV (20W) 

λ=200-

275nm 

Different 

time 

15 at 50 mg.L
-

1 

35 at 400 

mg.L
-1 

[37] 

TiO2/ 

EGT 

 

sol-gel 
Methyle

ne blue 

UV lamp 

(λ=356 

nm), 1.2 

mW/cm
2
 

Different 

time 
96% [38] 

TiO2/ 

EGT 

 

sonicatio

n 

Eosin 

yellow 

Solar and 

Xenon 

lamp (500 

W) 

15 min 46.01 [39] 

TiO2/ 

EGT 

 

sol-gel Phenol 

Xenon arc 

lamp (350 

W) 

Different 

time 

46.6% at pH 3 

96.3% at pH 7 

 

[40] 

 

 

Conclusion: 

This mini review presented a details exploration about fabrication methods of 

expanded graphite (EGT) with metal oxide emphasized on their application 

in the photodegradation of dyes. EGT has a degree of separation between 

adjacent carbon layers. The separation of the layers results in cell wall 

consisting of multiple carbon layers, worm or accordion-like structure. 

sulfuric acid is the most widely intercalator species that used for preparing 

EGT. Photocatalysis approached for eliminating dyes from wastewater are 

reviewed in this article utilizing the composite of different metal oxide as 

photocatalytic nanomaterials.  

A wide variety of metal oxides nanostructured and their composites have 

recently gained substantial curiosity as photocatalytic materials for degrading 

dyes or changing them into harmless products. Metal oxide and EGT 

composites have been verified to be operative photocatalysts for the 

interruption of organic pollutants when exposed to light. 

Further Work 

Further studies should be aimed towards evaluating the performance of EGT-

metal oxide in the photodegradation multicomponent pollutant mixtures like 
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various dyes, pesticides, and pharmaceuticals in the real industrial 

wastewaters.  
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مراجعة موجزة عن تحضير الجرافيت الموسع ومتراكباته مع أكاسيد الفلزات 

 في التحطم الضوئي للأصباغ

سنذس هادي هرزا 
(1)

 

 قسن الكيوياء، كلية التربية للعلىم الصرفة /ابن الهيثن، جاهعة بغذاد، العراق
1)

sundus.h.m@ihcoedu.uobaghdad.edu.iq 

07707843740 

 :البحث هستخلص

( واستخدااو EGTحوفر ْذِ انًراجعت انقصيرة َظرة عبيت عهى طرق حصُيع انجرافيج انًوسع )      

الأ تببث انُبحجتت عتٍ حصتُيع  يركببحّ يع أكبسيا انًعتبنٌ فتم يجتبل انخ هتم ان توصم ن. تببث. حً  تم

انًُسوجبث يشكهت حهود بيئم كبيرة فتم انًجتب ا انًبصيتت  تول انعتبنى  يًتب ا بترة ان بجتت انتى حقُيتبث 

 ااقت نهبيئت وفعبنت لإةانت الأ ببث يٍ ييبِ انصرف انصُبعم وانً هم. ح قاو حقُيبث انخ هم ان وصم 

انخهود ان بَوا. ح عا انًوان انكربوَيت  ي م انجرافيج   لاً يسخاايًب ويُدفض انخكهفت يع ان ا الأنَى يٍ

انًوسع  يفياة فم حعزاز انُشبط انخ فيزا. بُبءً عهى ذنك  سخسخكشف ْتذِ انًراجعتت حقُيتبث انخصتُيع 

فتم عًهيتت  EGTراكببث أوكستيا انفهتزاث  خانًدخهفت نهجرافيج انًخًان  وح هدص انخطو اث ان اا ت نً

انخ فيتتز ان تتوصم نخطبيقتتبث انًعبنجتتت انبيئيتتت. لهصتتج ْتتذِ انا استتت انتتى أٌ طراقتتت انخ هتتم ان تتوصم 

ببستتخدااو يخراكبتتبث انجرافيتتج انًوستتع  أوكستتيا انفهتتزاث حً  تتم ليتتبً ا فعتتبلً ويتتُدفض انخكهفتتت نخ هتتم 

 الأ ببث.

  يون الأشعت انسيُيت. ;انًهوثبث ;وصمانخ فيز ان  ;انًسبفت بيٍ انطبقبث ;انخقشير الكلوات الوفتاحية:

 هلاحظة: هل البحث هستل هن رسالة هاجستير او اطروحة دكتىراه؟  نعن:              كلا :  
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