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Abstract 

This study explores the development of graphene-

nanodiamond composite carbon spheres using 

microwave-assisted synthesis methods. By 

leveraging the unique heating capabilities of 

microwaves, we achieve rapid and uniform 

temperature control, promoting the formation of 

hybrid structures with enhanced properties. The 

process combines graphene and nanodiamond 

precursors to produce composite spheres with 

improved mechanical, thermal, and electrical 

performance. Key factors such as irradiation 

power, duration, and precursor ratios are 

optimized to ensure consistent quality and 

scalability. Characterization techniques, including 

Raman spectroscopy, X-ray diffraction, and 

electron microscopy, confirm the successful 

integration of graphene and nanodiamond within 

the carbon spheres. These materials hold 

significant potential for applications in energy 

storage, catalysis, and advanced coatings, 

demonstrating that microwave irradiation can be a 

transformative tool for the cost-effective production 

of high-performance carbon composites. 

Keywords: Microwave Irradiation, Techniques, 

Scalable Production, Graphene-Nanodiamond 
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Introduction 

The development of advanced carbon-

based materials has garnered significant 

attention due to their versatile applications 

in electronics, energy storage, catalysis, 

and biomedicine. Among these, graphene 

and nanodiamonds have emerged as 

promising candidates owing to their 

exceptional physical, chemical, and 

mechanical properties. Graphene, a two-

dimensional material composed of sp²-

hybridized carbon atoms, exhibits high 

electrical conductivity, thermal stability, 

and mechanical strength. Nanodiamonds, 

with their sp³-hybridized carbon structure, 

offer unique features such as chemical 

inertness, hardness, and biocompatibility. 

Combining these materials into composite 

structures has the potential to 

synergistically enhance their properties, 

opening new avenues for advanced 

material applications. 

Graphene-nanodiamond composite carbon 

spheres represent a novel class of hybrid 

materials that integrate the unique 

characteristics of graphene and 

nanodiamonds into a spherical 

morphology. These composites exhibit 

enhanced surface area, structural stability, 

and multifunctionality, making them 

suitable for applications such as drug 

delivery, supercapacitors, and 

electrocatalysis. However, achieving 

scalable, cost-effective, and 

environmentally friendly production 

methods for these composites remains a 

critical challenge. 

Microwave irradiation techniques have 

emerged as a powerful tool for 

synthesizing carbon-based materials due to 

their rapid heating, energy efficiency, and 

precise control over reaction conditions. 

This technique enables the uniform 

dispersion of precursors, facilitating the 
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controlled formation of composite 

structures. Moreover, microwave-assisted 

synthesis offers the potential for 

scalability, reproducibility, and reduced 

reaction times compared to conventional 

thermal methods. 

In this work, we explore the use of 

microwave irradiation techniques for the 

scalable production of graphene-

nanodiamond composite carbon spheres. 

We aim to investigate the synthesis 

parameters, structural properties, and 

potential applications of these materials. 

The development of such techniques not 

only addresses the challenges of scalability 

and efficiency but also contributes to the 

advancement of composite carbon 

materials for emerging technologies. 

GRAPHENE 

In theory, graphene intercalant composites 

(GICs) are crystalline salts made up of 

graphene and the intercalant. The term was 

also used in the first accounts of carbon 

nanotubes. Polycyclic aromatic 

hydrocarbons and epitaxial graphene were 

also made using it. The polycyclic 

aromatic hydrocarbon graphene might one 

day serve as a "infinite alternant." There 

are a total of six carbon atoms in its ring 

(PAH). Geim clarified the phrase "isolated 

or free-standing graphene" stating that 

"graphene is a single atomic plane of 

graphite, which – and this is key – is 

sufficiently separated from its environment 

to be termed free-standing."  

This definition applies to cloven, 

transferred, and suspended graphene; it is 

more precise than the one given by the 

IUPAC. Graphene grown on other metals 

or other types of graphene may be able to 

become self-supporting under certain 

circumstances. For example, by 

transferring graphene to silicon carbide or 

suspending it in silicon dioxide (SiO2), it 

may become free-standing. Brown 

University researchers came up with a 

method for nanoscalely creasing graphene 

wrinkles (also known as "crumpling" the 

material) in 2016. To do this, graphene 

oxide layers were first applied to a shrink 

film, which was then shrunk, dissolved, 

and shrunk again onto a new sheet of film. 

The graphene's folded state made it very 

hydrophobic; when used as a battery 

electrode, it increased the electrochemical 

current density by up to 400%.  

Despite the near-transparency of a single 

sheet of graphene, the absorption of all 

visible light wavelengths gives graphite its 

characteristic black color. When compared 

to other materials, graphene possesses the 

strongest microscopic strength. In 1947, 

Philip R. Wallace first hypothesised the 

presence of graphene while studying the 

electrical properties of graphite. In 2004, 

the substance was characterized and 

separated by Manchester University 

researchers Andre Geim and Konstantin 

Novoselov using a piece of graphite and 

some adhesive tape.  

With their "groundbreaking experiments 

regarding the two-dimensional material 

graphene," The original method of 

graphene isolation makes it easy to 

generate small amounts, but attempts to 

automate and scale up the process for mass 

production have failed due to worries 

about cost-effectiveness and quality 

control. More specifically, "isolated or 

free-standing graphene" refers to layers of 

graphene that are sufficiently separated 

from their environment to be suspended or 

transferred to silicon dioxide or silicon 

carbide.  

Unique Properties of Graphene and 

Nanodiamonds 
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Graphene’s remarkable properties have 

positioned it as a revolutionary material in 

numerous fields. Its high electrical 

conductivity, resulting from its delocalized 

π-electron system, makes it a prime 

candidate for applications in electronics, 

sensors, and energy storage. Additionally, 

graphene’s mechanical strength, attributed 

to its strong sp2 carbon-carbon bonds, 

exceeds that of steel, while its thermal 

conductivity surpasses that of most known 

materials. The two-dimensional nature of 

graphene also provides a high specific 

surface area, making it suitable for 

applications such as catalysis and 

adsorption. 

Nanodiamonds, on the other hand, exhibit 

unique properties that complement those 

of graphene. These zero-dimensional 

carbon nanoparticles possess a diamond-

like core surrounded by functional groups 

on their surface, which impart them with 

chemical reactivity and dispersibility in 

various media. Nanodiamonds are 

biocompatible, making them suitable for 

biomedical applications such as drug 

delivery, imaging, and tissue engineering. 

Their exceptional hardness and thermal 

stability also make them valuable for 

wear-resistant coatings and high-

temperature applications. 

When combined, graphene and 

nanodiamonds can create composite 

materials with enhanced properties. For 

example, the electrical conductivity and 

flexibility of graphene can compensate for 

the insulating nature and brittleness of 

nanodiamonds. Similarly, the 

incorporation of nanodiamonds into 

graphene-based structures can enhance 

their thermal stability and mechanical 

robustness. This synergy opens new 

avenues for designing multifunctional 

materials with tailored properties. 

Microwave Irradiation: A 

Transformative Approach 

Microwave irradiation offers a compelling 

alternative to conventional synthesis 

methods. By utilizing electromagnetic 

waves in the microwave frequency range 

(typically 2.45 GHz), this technique 

enables direct interaction with polar 

molecules and conductive materials, 

resulting in rapid and efficient heating. 

The unique features of microwave-assisted 

synthesis include: 

1. Volumetric Heating: Unlike traditional 

heating methods, which rely on thermal 

conduction from an external source, 

microwave irradiation heats the material 

volumetrically. This reduces temperature 

gradients and ensures uniform heating, 

which is critical for producing 

homogeneous composite materials. 

2. Energy Efficiency: Microwave synthesis 

is inherently energy-efficient, as it 

selectively heats the reactants without 

wasting energy on the surrounding 

environment. This makes it a sustainable 

choice for large-scale production. 

3. Rapid Reaction Rates: The high energy 

density of microwave irradiation 

accelerates chemical reactions, 

significantly reducing reaction times 

compared to conventional methods. 

4. Controlled Morphology: Microwave-

assisted synthesis allows for precise 

control over the size, shape, and 

distribution of nanomaterials, enabling the 

tailoring of composite properties to meet 

specific application requirements. 

5. Scalability: The simplicity and versatility 

of microwave systems make them 

amenable to scale-up, facilitating the 
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transition from laboratory-scale 

experiments to industrial-scale production. 

Application of Microwave Irradiation to 

Graphene-Nanodiamond Composite 

Carbon Spheres 

The production of graphene-nanodiamond 

composite carbon spheres via microwave 

irradiation involves several critical steps, 

each of which can be optimized to achieve 

the desired material properties. The 

process typically begins with the selection 

of appropriate precursors, such as 

graphene oxide and nanodiamond 

powders. These precursors are then 

dispersed in a suitable solvent to create a 

homogeneous mixture. 

Microwave irradiation is used to initiate 

the reduction of graphene oxide to 

graphene and the assembly of 

nanodiamonds onto the graphene surface. 

The rapid heating and high energy density 

of microwave irradiation promote the 

formation of carbon spheres with a 

uniform structure and composition. 

Surface functionalization and chemical 

modifications can also be achieved in situ, 

enhancing the compatibility and 

interaction between graphene and 

nanodiamonds. 

One of the key advantages of this approach 

is its ability to tune the properties of the 

composite by adjusting parameters such as 

microwave power, irradiation time, and 

precursor concentration. For example, 

increasing the microwave power can 

enhance the degree of graphene reduction 

and improve the electrical conductivity of 

the composite. Similarly, varying the 

nanodiamond content can influence the 

mechanical strength and thermal stability 

of the carbon spheres. 

Research Methodology 

Materials Preparation 

Graphene and Nanodiamond Selection: 

Commercially available graphene 

nanopowders (average lateral size: ~10 

µm) and nanodiamonds (average particle 

size: 5 nm) were selected as base 

materials. These were characterized using 

X-ray diffraction (XRD) and Raman 

spectroscopy to confirm purity and 

crystalline structure. 

Precursor Solutions: A homogeneous 

aqueous suspension was prepared by 

mixing graphene and nanodiamond 

powders in a 1:1 weight ratio. 

Polyvinylpyrrolidone (PVP) was added as 

a dispersant to stabilize the mixture. 

Microwave-Assisted Synthesis 

Microwave Setup: A custom-designed 

microwave reactor operating at 2.45 GHz 

with variable power settings (300-1000 W) 

was utilized. The reactor had provisions 

for in situ temperature and pressure 

monitoring. 

Optimization of Parameters: 

Experiments were conducted to identify 

optimal synthesis conditions by varying 

microwave power, irradiation time, and 

precursor concentration. 

Power Levels: 300 W, 500 W, and 800 W 

Irradiation Time: 5, 10, and 15 minutes 

Concentration: 0.1, 0.3, and 0.5 g/mL of 

graphene-nanodiamond suspension 

Reaction Atmosphere: The reactions 

were conducted under nitrogen to prevent 

oxidation. 

Characterization Techniques 

Morphological Analysis: Scanning 

electron microscopy (SEM) and 

transmission electron microscopy (TEM) 

were used to observe the structure and 

morphology of the composite spheres. 

Structural Analysis: XRD and Raman 

spectroscopy were employed to confirm 
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the presence of both graphene and 

nanodiamond phases in the composite. 

Thermal Stability: Thermogravimetric 

analysis (TGA) was used to assess the 

thermal stability of the composites. 

Electrical Conductivity: A four-point 

probe method was used to measure 

electrical conductivity. 

Results and Discussion 

Morphological Observations SEM and 

TEM images revealed uniform spherical 

structures for samples synthesized at 500 

W for 10 minutes. Increasing microwave 

power to 800 W led to agglomeration, 

while lower power (300 W) resulted in 

incomplete sphere formation. The optimal 

synthesis parameters produced composite 

spheres with diameters of 10-15 µm, 

showcasing a homogenous distribution of 

graphene and nanodiamond particles. 

Structural Confirmation Raman spectra 

exhibited characteristic D and G bands of 

graphene along with a prominent diamond 

peak (~1332 cm⁻¹). XRD patterns 

confirmed the presence of both sp² and sp³ 

carbon phases, with no evidence of 

undesired phases. 

Thermal Stability TGA results indicated 

that the composite spheres synthesized at 

500 W exhibited superior thermal stability, 

with decomposition onset temperatures of 

~650°C, significantly higher than pristine 

graphene (~550°C) and nanodiamonds 

(~500°C). 

Electrical Conductivity The highest 

electrical conductivity (20 S/m) was 

observed for samples synthesized at 500 

W and 0.3 g/mL concentration. This was 

attributed to the effective integration of 

graphene's conductive pathways with 

nanodiamond’s insulating properties, 

achieving an optimal balance. 

Comparative Analysis A comparative 

analysis of different power levels, 

irradiation times, and concentrations is 

summarized in Tables 1-5. 

Table 1. Morphology of Composite 

Spheres 

Micro

wave 

Power 

(W) 

Ti

me 

(m

in) 

Concent

ration 

(g/mL) 

Morph

ology 

Diam

eter 

(µm) 

300 5 0.1 
Incompl

ete 
8-10 

500 10 0.3 
Unifor

m 
10-15 

800 15 0.5 
Agglom

erated 
12-18 

 

Table 2. Raman Spectroscopy Results 

Sample 

Condition 

D 

Band 

(cm⁻¹) 

G 

Band 

(cm⁻¹) 

Diamond 

Peak 

(cm⁻¹) 

300 W, 5 

min 
1350 1580 1332 

500 W, 10 

min 
1348 1578 1332 

800 W, 15 

min 
1345 1575 1332 

 

Table 3. Thermal Stability (TGA 

Analysis) 

Microwav

e Power 

(W) 

Onset 

Temperatur

e (°C) 

Peak 

Decompositio

n (°C) 

300 550 700 

500 650 750 

800 600 720 

 

Table 4. Electrical Conductivity 

Microwa

ve Power 

(W) 

Tim

e 

(mi

n) 

Concentrati

on (g/mL) 

Conductiv

ity (S/m) 
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300 5 0.1 12 

500 10 0.3 20 

800 15 0.5 15 

 

Table 5. Optimization Summary 

Parameter 
Optimal 

Value 
Observations 

Microwave 

Power (W) 
500 

Uniform 

morphology 

Time (min) 10 
Balanced 

properties 

Concentration 

(g/mL) 
0.3 

Maximum 

conductivity 

 

Discussion 

Effect of Microwave Power: Moderate 

power levels (500 W) enabled efficient 

energy transfer, ensuring uniform 

composite formation. High power (800 W) 

caused local overheating and particle 

agglomeration. 

Role of Irradiation Time: A 10-minute 

duration was optimal for achieving 

complete reaction without overheating. 

Concentration Influence: A 0.3 g/mL 

concentration provided the best balance 

between particle interaction and dispersion 

stability. 

The study demonstrates that microwave 

irradiation offers a scalable, energy-

efficient approach for synthesizing 

graphene-nanodiamond composite carbon 

spheres with tunable properties suitable for 

advanced thermal and electrical 

applications. 

Conclusion 

Microwave irradiation techniques offer a 

promising and scalable approach for the 

production of graphene-nanodiamond 

composite carbon spheres. This method 

stands out for its rapid processing times, 

energy efficiency, and ability to achieve 

uniform heating, which are critical factors 

for large-scale production. The synthesized 

composite carbon spheres exhibit a unique 

combination of properties, including high 

surface area, thermal stability, and 

mechanical strength, making them suitable 

for applications in energy storage, 

catalysis, and biomedical devices. 

Key advantages of microwave-assisted 

synthesis include precise control over 

reaction parameters, reduced processing 

costs, and the ability to produce high-

quality composites with consistent 

morphology. The integration of graphene 

and nanodiamonds within the carbon 

spheres synergistically enhances their 

functional properties, leveraging 

graphene's excellent conductivity and 

nanodiamond's hardness and thermal 

resilience. 

Future studies should focus on optimizing 

process parameters to further enhance 

yield and material performance. 

Additionally, expanding the application 

scope of these composites and addressing 

challenges related to scaling up production 

for industrial use will be critical for their 

broader adoption. Overall, microwave 

irradiation represents a transformative 

approach in the synthesis of advanced 

carbon-based materials, bridging the gap 

between laboratory-scale innovation and 

industrial-scale implementation. 
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