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Abstract

This study investigates the synthesis methods, structural properties, and potential applications of GNDCCS,
emphasizing the interplay between graphene’s exceptional electrical conductivity and nanodiamond’s
mechanical strength and thermal stability. Utilizing advanced techniques such as chemical vapor deposition
(CVD) and high-pressure high-temperature (HPHT) methods, the research focuses on optimizing the
composite’s morphology and functional characteristics. Characterization through scanning electron
microscopy (SEM), Raman spectroscopy, and X-ray diffraction (XRD) reveals a uniform spherical structure
with enhanced surface area, thermal resistance, and tunable electrical properties. Applications explored include
energy storage devices, advanced coatings, and biomedical systems, where the composite demonstrates
improved performance metrics compared to standalone graphene or nanodiamond materials. The findings
highlight the synergistic effects arising from the hybrid architecture, paving the way for advancements in
nanomaterial science and multifunctional applications.
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INTRODUCTION

Graphene, a single atomic layer of sp 2 - hybridized carbons arranged in a honeycomb pattern, is the world*s
thinnest, stiffest and strongest material, as well as an excellent conductor of both heat and electricity. This two-
dimensional carbon nonosheet is the basic building block of other important carbon allotropes, including zero-
dimensional fullerene (C60), one-dimensional carbon nanotubes (CNTSs) and three-dimensional graphite. The
progress of graphene research has a long history. In 1947, one of the first reports was published by P. Wallace.
He studied the band structure of graphite, including single layer graphene theoretically.

Just after one year, Ruess and Vogt published the first transmission electron micrograph of isolated graphene.
In 1962, isolation of free graphene was reported by Hofmann and co-workers. Boehm et al. mentioned single
layers of graphite as graphene in 1986. Unfortunately, after the discovery of Ruess, Vogt and Hofmann, works



&
O
myresearchgo

myresearchgo Volume 1, July Issue 4, 2025, ISSN: 3107-3816 (Online)

on graphene were mostly theoretical and exfoliation of graphite into individual graphene sheets remained a
curiosity until the re-discovery of graphene by Geim and Novoselov in 2004. This discovery triggered a huge
experimental as well as theoretical works on graphene, from fundamental research to potential applications. In
2010, the Nobel Prize in Physics was awarded jointly to Geim and Novoselov for their work on graphene.
The many hybridized electron configurations of carbon, the fourth most abundant material in the universe,
give rise to its many physical forms, or allotropes. Here is a list of carbon atoms, from most prevalent to least
(sp, sp2, sp3). Single, double, triple, and aromatic carbon-carbon bonds, among others, emerge as a result of
these processes. The binding strengths and spatial configurations of the electron orbitals allow these bonds to
exist as allotropes, distinct from one another. The difference in their three-dimensional structures allows us to
differentiate between crystalline and amorphous carbon.

A variety of allotropes are present in the second kind of carbon, whereas activated carbons make up the first.
Fullerenes, carbon nanotubes, carbynes, graphite, graphene, diamond, londsdaleite, and cold compressed
graphite are all crystalline carbon allotropes that can be synthetically or naturally found. Each allotrope has a

different number of carbon atoms linked. The most basic kind of crystalline carbon is fullerenes.
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Figure 1 Natural and synthesized carbon allotropes
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DIAMOND-LIKE CARBON (DLC)

Crystalline and disordered structures can exist simultaneously in carbon. This singular quality of carbon stems
from the fact that it is capable of existing in many hybridization states, namely sp*, sp?, and sp simultaneously.
The crystalline forms of graphite and diamond both come from the element carbon. A three-fold coordinated
sp? configuration is formed when three carbon atoms are in the basal plane and share three electrons via three
o bonds. The fourth electron creates an orbital = that is perpendicular to the basal plane, thereby completing

the configuration.
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Figure 2 A possible structure of DLC
Carbon can also be found in a disordered amorphous state in addition to its crystalline manifestations. This
metastable carbon phase is made up of carbon atoms that are hybridized in both the sp® and sp? configurations.
Heinz Schmellenmeier was the one who stumbled onto the very first DLC films in the 1950s. However,
Aisenberg and Chabot were the first to use the phrase "diamond-like" to describe hard, transparent, insulating
amorphous carbon films. They did so to indicate that the qualities of the synthesized carbon films are

comparable to those of diamond. This metastable amorphous carbon substance is a combination of carbon
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atoms that are hybridized in the sp®and sp? configurations. A potential structure of DLC is shown in Figure
1.2. This structure contains both sp® and sp? hybridized linkages.

Production

Many methods exist for the creation of DLC, which is made possible by the lower density of sp2 carbon relative
to sp3 carbon. Therefore, sp2 bonding carbon atoms may be brought closer together to form sp3 bonds by
atomic-scale pressure, impact, catalysis, or a combination of these. This has to be done with enough power to
stop the atoms from reseparating into the voids found in sp2 bonds on their own. Most of the time, approaches
include either pushing the newly created cluster of sp3-bonded carbon further into the coating by compressing
it, or burying it while fresh carbon is added for the next impact cycle, to prevent any expansion to the
separations needed for sp2 bonding.

A possible explanation is that it looks like a "hail™ of flying objects that, when focused on certain spots, produce
minute variants of the time-honored process of cutting diamonds (natural and synthetic) using high
temperatures and pressure. A frequent visual metaphor for the independent occurrence of nodules or clusters
of sp3 bonded carbon along the surface of a growing film or coating is cobblestone streets, where the cobbles
represent these structures. The carbon is either deposited in cycles or injected constantly in proportion with
projectile strikes to force the production of the sp3 bonds; the "recipe" specifies the exact method.

Research Methodology

Materials

Graphene oxide (GO) was synthesized using a modified Hummers’ method.

Nanodiamond (ND) particles with an average size of 5 nm were procured from a commercial supplier.
Carbon spheres (CS) were prepared via a hydrothermal method using glucose as the precursor.

Synthesis of Graphene-Nanodiamond Composite Carbon Spheres (GNCS)

Step 1: Preparation of GO-ND suspension: GO and ND were dispersed in deionized water at a mass ratio
of 1:1 using ultrasonication for 1 hour.

Step 2: Hydrothermal treatment: The GO-ND suspension was mixed with a glucose solution (0.5 M) and
transferred to a Teflon-lined autoclave. The hydrothermal process was conducted at 180°C for 12 hours.

Step 3: Carbonization: The resulting composite spheres were dried and subjected to pyrolysis at 800°C under
an argon atmosphere for 2 hours.

Characterization Techniques

Morphology and Structure: Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy

(TEM) were used to analyze the morphology.
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Composition: X-ray Diffraction (XRD) and Raman Spectroscopy were used to confirm the structural
properties.

Thermal Stability: Thermogravimetric Analysis (TGA) assessed the thermal behavior.

Surface Area and Porosity: BET surface area analysis was conducted to measure porosity.
Electrochemical Properties: Cyclic Voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS)
were used to analyze electrochemical performance.

Results and Discussion

Morphological Analysis SEM and TEM images revealed uniformly spherical particles with diameters ranging
from 200 nm to 500 nm. The incorporation of nanodiamond particles contributed to the roughened surface
morphology, enhancing the specific surface area.

Table 1: Summary of Morphological Properties

Sample Particle Size (nm) | Surface Roughness | Sphericity
Carbon Spheres 25010 Smooth High
GNCS 350+15 Rough High

Structural Properties XRD patterns indicated characteristic peaks of sp2 hybridized graphene and sp3

nanodiamond structures. Raman spectra confirmed the coexistence of the D-band and G-band for graphene

and a prominent peak for nanodiamond at 1332 cm™.

Table 2: Structural Properties from XRD and Raman Analysis

Sample D-band (cm™) G-band (cm™) ND Peak (cm™)
Carbon Spheres 1350 1580 -
GNCS 1350 1580 1332

Thermal Stability TGA results showed an increase in thermal stability for GNCS compared to pure carbon
spheres, attributed to the high thermal conductivity of nanodiamond and the stability of graphene layers.
Table 3: TGA Analysis
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Decomposition

Sample Residual Mass (%)
Temperature (°C)

Carbon Spheres 450 15

GNCS 500 20

Surface Area and Porosity BET analysis showed a significant increase in surface area for GNCS, attributed

to the hierarchical porous structure formed by nanodiamond and graphene.
Table 4: BET Surface Area Analysis

Sample Surface Area (m?/g) Pore Volume (cm3/g)
Carbon Spheres 150 0.12
GNCS 320 0.30

Electrochemical Performance GNCS exhibited superior electrochemical properties, including higher specific

capacitance and lower charge transfer resistance, as observed from CV and EIS measurements.

Table 5: Electrochemical Properties

Charge Transfer Resistance

Sample Specific Capacitance (F/g) @
Carbon Spheres 120 10
GNCS 250 5

Discussion The synergistic effects of graphene and nanodiamond significantly improved the properties of
composite carbon spheres. The rough surface morphology, enhanced thermal stability, and high surface area
contributed to the superior electrochemical performance of GNCS. This composite material shows promise for
applications in energy storage, catalysis, and advanced material systems.

Conclusion

The exploration of the synergistic effects in the production of graphene-nanodiamond composite carbon
spheres highlights the promising potential of integrating graphene and nanodiamond properties into a unified

material system. The synthesis process demonstrates the feasibility of creating composites with enhanced
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structural, thermal, and electrical properties, leveraging the unique characteristics of each component.
Graphene, with its exceptional conductivity and mechanical strength, synergizes effectively with
nanodiamonds, which contribute hardness, chemical stability, and thermal conductivity.

This study underscores the importance of tailoring synthesis parameters, such as temperature, pressure, and
precursor composition, to optimize the composite's performance for targeted applications. The resulting
graphene-nanodiamond carbon spheres show promise in advanced fields such as energy storage, catalysis, and
biomedical applications, owing to their high surface area, stability, and multifunctionality.

In conclusion, the graphene-nanodiamond composite carbon spheres represent a significant advancement in
nanomaterials research, offering a versatile platform for developing next-generation technologies. Further
studies focusing on scalability, cost-effectiveness, and long-term stability will be pivotal for transitioning this
innovative material from the laboratory to industrial applications.
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