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Introduction

Epoxy-based composites are widely used in aerospace, 
automotive, and structural applications due to their excellent 
adhesion, chemical resistance, and durability. However, their 
mechanical properties can be further improved by reinforcement 
with fi llers such as graphite, which offers high thermal and 
electrical conductivity and mechanical reinforcement [1-6]. 
Graphite's effectiveness as a reinforcement depends on its 
dispersion, interfacial bonding, and optimal weight percentage 
within the polymer matrix. Polymer-based composites are 
widely used in engineering applications due to their lightweight 
nature, excellent corrosion resistance, and high strength-to-
weight ratio [5-8]. Epoxy resins are particularly favored among 
polymer matrices due to their outstanding adhesion, chemical 
resistance, and mechanical strength [7]. However, the inherent 
brittleness of epoxy limits its performance in applications 
requiring high toughness and durability. To overcome these 
limitations, reinforcing materials such as carbon fi bers, 

nanoparticles, and graphite have been incorporated into 
epoxy matrices to enhance their mechanical properties [9-15]. 
Graphite, a crystalline form of carbon, has gained attention as 
a reinforcement material due to its high thermal conductivity, 
lubricating properties, and mechanical strength [16]. The 
addition of graphite to epoxy has been shown to improve 
the composite’s mechanical properties, but its effectiveness 
depends on factors such as particle size, distribution, and 
weight percentage [15]. At optimal concentrations, graphite 
particles act as load-bearing reinforcements, improving 
hardness and tensile strength [4-6]. However, excessive 
graphite content can lead to particle agglomeration, reducing 
interfacial bonding and weakening the composite [10]. 

Various processing techniques have been used to fabricate 
epoxy-based composites, including solution mixing, hot 
pressing, and stir casting [17-21]. Cold stir casting is a relatively 
simple and cost-effective method that involves mixing the 
reinforcement into a liquid polymer matrix at ambient or 
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slightly elevated temperatures, followed by curing [20-22]. 
This method ensures uniform distribution of reinforcements 
while minimizing thermal degradation of the polymer. 
However, the dispersion of particles remains a key challenge, 
particularly at higher fi ller loadings [20]. While several studies 
have investigated the effect of graphite on epoxy composites, 
there remains a need to optimize graphite concentration to 
achieve maximum mechanical strength. This study aims to 
contribute to the growing body of knowledge on epoxy-graphite 
composites by examining the effect of different graphite weight 
percentages on hardness, tensile strength, fl exural strength, 
and density. The study employs cold stir casting for composite 
fabrication and evaluates the role of graphite dispersion in 
mechanical performance. Understanding these effects will 
help optimize composite formulations for applications in 
automotive, aerospace, and structural industries.

Experimental procedures

Manufacturing process

The materials used are waterborne transparent epoxy 
resin (LY556), hardener (HY-951), sodium hydroxide (NaOH) 
solution, and acetone as a dispersing agent were procured 
from Herenba Instruments and Engineers (Chennai - 600053, 
Tamil Nadu, India). The reinforcing material: graphite 
powder (average particle size of 50 μm) was sourced from 
the Department of Industrial Chemistry, Nnamdi Azikiwe 
University, Awka, Nigeria. The resin-to-hardener ratio was 
maintained at 2:1 by weight, and the graphite was added in 
varying weight percentages: 0 wt%, 3 wt.%, 6wt.%, 9wt.%, 
12wt.% and 15wt.%. Silicon-based mold release agents were 
applied to ensure easy demolding of the cured samples. Cold 
stir casting was employed for composite fabrication [8]. The 
graphite powder was dried in an oven at 80°C for 2 hours to 
remove moisture and prevent porosity in the fi nal composite. 
The dried powder was then ultrasonicated in ethanol for 30 
minutes to enhance dispersion before mixing with epoxy resin. 
The epoxy resin and graphite suspension were mechanically 
stirred at 500 rpm for 10 minutes using a high-shear stirrer 
to ensure the uniform dispersion of graphite particles. The 
curing agent was gradually added to the mixture while stirring 
continued for another 5 minutes to prevent premature gelation. 
To eliminate air bubbles, the mixture was subjected to vacuum 
degassing for 5 minutes before casting. Pre-cleaned silicone 
molds were coated with a release agent to facilitate demolding. 
The prepared epoxy-graphite mixture was carefully poured 
into the molds and allowed to settle. The fi lled molds were kept 
at room temperature for 24 hours to allow initial curing. Post-
curing was conducted at 80 °C for 2 hours to achieve complete 
polymerization and enhance the mechanical properties of the 
composites [9].

Testing process

After curing, the composite specimens were machined 
according to ASTM standards for mechanical testing. Hardness 
was measured using a Vickers Hardness tester, following 
ASTM D2240. A load of 500g was applied to a pyramid-
shaped industrial indenter, and the size of the indentation 
on the surface of the material was measured three times. 

Five readings were taken at different points on each sample, 
and the average value was recorded to ensure accuracy. The 
Instron-Series 3369 Universal Testing Machine was used for 
tensile and fl exural tests as per ASTM standards. ASTM D3039 
and ASTM D7264 standard procedure was used for determining 
the tensile and fl exural strength properties, respectively, of the 
composites. Dog-bone-shaped specimens were prepared, and 
tensile tests were conducted at a crosshead speed of 2 mm/
min. The peak stress at failure was recorded as the tensile 
strength. Flexural strength was determined using a three-
point bending test as per ASTM D7264. Specimens were loaded 
at a span-to-depth ratio of 16:1, and the maximum stress 
before failure was recorded [13]. The density of the composites 
was measured using the Archimedes' principle, with water as 
the immersion medium. The theoretical density was calculated 
based on the rule of mixtures, and experimental values were 
compared to assess void content and material integrity [1]. To 
investigate the dispersion of graphite particles and fracture 
behavior, scanning electron microscopy (SEM) (with model 
number TESCAN VEGAN III.) was conducted. Fractured tensile 
samples were gold-coated and examined under SEM at various 
magnifi cations. The micrographs provided insights into 
particle distribution, interfacial bonding, and potential failure 
mechanisms [22].

Results and discussion

Microstructural analysis of the fabricated composites

The micrograph analysis of the epoxy composite reinforced 
with 15 wt.% graphite (Figure 1) reveals a rough and porous 
fracture surface, indicative of weak interfacial bonding 
between the epoxy matrix and the graphite reinforcement. 
The presence of voids and particle agglomeration suggests 
that higher graphite content may have hindered proper 
dispersion, leading to stress concentrations and premature 
failure under mechanical loading (Wang, et al. 2021). The 
EDS also shows a high percentage of carbon, suggesting a 
signifi cant contribution from the epoxy resin matrix, which is 
carbon-based. The relatively high sulfur content could be due 
to impurities in the graphite fi ller or the presence of additives 
used in the epoxy curing process. The presence of oxygen is 
associated with epoxy functional groups and possible oxidation 
on the graphite surface. The presence of oxygen, nitrogen, and 
sulfur suggests possible chemical interactions or impurities 
in the composite. The additional elements might result from 
processing or environmental exposure.

Figure 1: Scanning electron microscope of graphite (3%), (9%), and (15%) of epoxy 
reinforced composite.
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At lower reinforcement levels (3 wt.% and 9 wt.%), 
improved dispersion of graphite within the epoxy matrix 
is expected, promoting better stress transfer and load 
distribution [13]. However, excessive graphite content (15 
wt.%) may introduce defects such as clustering and matrix 
discontinuities, ultimately reducing mechanical performance. 
Similar observations have been reported in previous studies on 
polymer-graphite composites [22] (Figure 2).

Properties analysis of the fabricated composites

Hardness of epoxy-graphite composites: The hardness 
values of epoxy reinforced with 3 wt.%, 6 wt.%, 9 wt.% 12 
wt.% and 15wt.% of graphite is presented in Figure 3. The 
results indicate that hardness initially increases with graphite 
content, reaching a peak at 12 wt.%, before declining at 
higher reinforcement levels. This trend suggests that at lower 
concentrations, graphite acts as a reinforcing fi ller, enhancing 
the resistance of the epoxy matrix to localized plastic 
deformation. However, beyond an optimal concentration 
(above 12 wt.%), excessive graphite may lead to weak interfacial 
adhesion and increased porosity, reducing the overall hardness 
of the composite [13]. Similar fi ndings have been observed 
in graphene and carbon-based polymer composites, where 
optimal fi ller dispersion plays a crucial role in hardness 
improvement [16]. 

Tensile strength of epoxy-graphite composites: Figure 
4 presents the tensile strength values for epoxy composites 
with varying graphite content. The results show that the 
composite reinforced with 9wt.% graphite exhibits the highest 
tensile strength, while the strength decreases signifi cantly as 
graphite content increases to 9wt.% and 15wt.%. The improved 
tensile strength at 9wt.% graphite loading can be attributed 
to effi cient stress transfer between the epoxy matrix and 
graphite particles, leading to enhanced load-bearing capacity. 
However, at 9wt.% and 15wt.%, particle agglomeration, and 
poor interfacial adhesion introduce stress concentration 
sites, leading to premature failure [9]. The decrease in tensile 
strength at higher graphite concentrations aligns with previous 
studies on carbonaceous fi llers in epoxy, where excessive fi ller 
content led to reduced mechanical performance due to poor 
dispersion [14].

Flexural strength of epoxy-graphite composites: The 
variation in fl exural strength with increasing graphite content 
is shown in Figure 5. Similar to the trend observed in tensile 
strength, the composite with 9wt.% graphite exhibits the 
highest fl exural strength, while further increases in graphite 

content lead to a decline. Flexural strength is highly dependent 
on the interfacial bonding between the matrix and the 
reinforcement. At 9wt.% graphite, the well-dispersed fi ller 
enhances the composite’s ability to resist bending stresses. 
However, at higher graphite content, weak interfacial adhesion 
and increased void formation act as failure initiation points, 
reducing the fl exural load-bearing capacity of the composite 
[1]. This behavior has also been reported in hybrid polymer 
composites, where excessive fi ller content compromises 
fl exural properties [14].

Density of epoxy-graphite composites: Figure 6 presents 
the density values of epoxy-graphite composites. The results 
indicate a steady increase in density with increasing graphite 
content. This increase is expected, as graphite has a higher 
density compared to the epoxy matrix [16]. While higher density 
suggests a greater fi ller loading within the matrix, it does not 
necessarily correlate with improved mechanical performance. 

Figure 2: SEM/EDS of epoxy reinforced with graphite composite.
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Figure 4: Flexural strength of epoxy-graphite composites against weight 
percentages.
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Figure 3: Hardness of Epoxy-Graphite Composites against the weight percentages.
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Figure 5: Flexural of epoxy-graphite composites against weight percentages.
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As seen in the hardness, tensile strength, and fl exural strength 
results, excessive graphite content negatively impacts the 
composite’s mechanical integrity due to issues such as particle 
agglomeration and void formation [19].

Generally, the mechanical performance of epoxy-graphite 
composites is highly dependent on the dispersion and 
interfacial bonding of the reinforcement within the matrix. 
The results indicate that an optimal graphite content (around 
3wt.%) leads to enhanced hardness, tensile strength, and 
fl exural strength due to improved stress transfer and load-
bearing capacity. However, beyond this threshold, mechanical 
properties deteriorate due to poor dispersion, weak interfacial 
adhesion, and void formation [13]. These fi ndings align with 
previous studies on carbon-based polymer composites, 
emphasizing the importance of optimizing fi ller concentration 
to achieve a balance between mechanical performance and 
processability [22]. Future studies could focus on surface 
modifi cation of graphite particles or hybrid reinforcement 
strategies to overcome the limitations associated with higher 
fi ller content.

Conclusion

This study investigated the mechanical properties and 
microstructural characteristics of epoxy-graphite composites 
with varying graphite content (3 wt.%, 7 wt.%, and 15 
wt.%). The results demonstrate that graphite reinforcement 
signifi cantly infl uences the hardness, tensile strength, fl exural 
strength, and density of the composite, with the optimal 
performance observed at 7 wt.% graphite loading. The fi ndings 
suggest that while graphite reinforcement enhances the 
mechanical properties of epoxy composites, there is an optimal 
fi ller concentration beyond which the benefi ts diminish due to 
poor dispersion and weak interfacial adhesion. Based on the 
results, 7 wt.% of graphite is the most effective composition 
for improving the performance of epoxy-graphite composites. 
These insights are valuable for developing advanced polymer 
composites for structural and industrial applications, where 
lightweight materials with enhanced mechanical properties 
are required.

References

1. Ali M, Hassan A, Wahit M. The effect of fi ller loading on the mechanical prop-
erties of epoxy-graphite composites. Composite Science and Technology. 
2018;155:45-53.

2. ASTM D3039/D3039-00. 2000. Standard Test Method for Tensile Properties 
of Polymer Matrix Composite Materials. ASTM International.

3. Agomuo C, Okolie CP, Azaka AO, Nwambu CN. Wear resistance and 
tensile behaviours of bamboo fi bre and mangifera indica particulate epoxy 
resin composite. UNIZIK Journal of Engineering and Applied Sciences. 
2024;3(3):1037-46. Available from: https://journals.unizik.edu.ng/ujeas/
article/view/4054

4. Nwambu CN, Unegbu C, Ekwedigwe CM. Development Of Decking Boards 
From Carbonized Walnut Shell Ash Particulate/Epoxy Resin. Journal Of 
Inventive Engineering And Technology (JIET). 2024;6(1):27-33. Available 
from: https://www.jiengtech.com/index.php/INDEX/article/view/114

5. Nwambu CN, Okpechi VU, Aribodor OB, Ekwedigwe CM, Nwabunwanne JT. 
Mechanical and Microstructural Optimization of Hybrid Epoxy Composites 
with Renewable Bambara Nut Shells and Potato Starch Reinforcement. 
Research Square. 2024. Available from: https://doi.org/10.21203/
rs.3.rs-5689417/v1

6. Ekwedigwe CM, Nnakwo K, Nwambu CN. Viscoelastic properties of alkaline 
treated walnut shell/rice straw fi ber/epoxy biocomposite. Journal of Civil 
Engineering and Environmental Scences. 2023;9(1):009-13. Available from: 
https://dx.doi.org/10.17352/2455-488X.000061

7. Cho J, Chen JY, Daniel IM. Mechanical enhancement of carbon fi ber/
epoxy composites by graphite nanoplatelet reinforcement. Scripta 
Materialia. 2007;56:685-8. Available from: https://doi.org/10.1016/j.
scriptamat.2006.12.038

8. El-Sayed H, Omar M, Hussein R. Fabrication techniques for polymer 
composites: A review. Materials Research Express. 2019;6(4):045302.

9. Gao Y, Liu X, Wang P. Enhancement of mechanical and thermal properties 
of graphite-fi lled epoxy composites. Journal of Applied Polymer Science. 
2020;137(18):4859.

10. Kumar R, Rao V. Advances in polymer matrix composites: A review on 
reinforcement and processing techniques. Materials Today: Proceedings. 
2019;16(2):342-55.

11. Nguyen T, Tran D, Pham L. Effect of processing techniques on particle 
dispersion in polymer composites. Journal of Composite Materials. 
2021;55(3):379-96.

12. Ozerol E, Senkal B, Okutan M. Preparation and characterization of graphite 
composites of polyaniline. Microelectronic Engineering. 2015;146:76-80. 
Available from: https://doi.org/10.1016/j.mee.2015.03.062

13. Patel H, Sharma S, Joshi P. The role of graphite reinforcement in 
enhancing epoxy composites: A review. Polymer Engineering & Science. 
2021;61(12):4852-67.

14. Rahman S, Ali F, Khan M. Processing and properties of epoxy composites 
reinforced with fi llers: A comparative study. Composites Part B: Engineering. 
2020;190:107939.

15. Baptistaa R, Mendãoa A, Guedesa M, Marat-Mendes R. An experimental 
study on mechanical properties of epoxy-matrix composites containing 
graphite fi ller. Procedia Structural Integrity. 2016;1:074–81. Available from: 
http://dx.doi.org/10.1016/j.prostr.2016.02.011

16. Singh D, Kumar N, Gupta V. A review on polymer matrix composites for 
industrial applications. Materials Today: Proceedings. 2021;45:2687-93.

17. Subagia A, Kim Y. A study on fl exural properties of carbon-basalt/epoxy 
hybrid composites. Journal of Mechanical Science and Technology. 
2013;27:987-92. Available from: https://link.springer.com/article/10.1007/
s12206-013-0209-5

18. Suresha B, Chandramohan G, Renukappa NM, Siddaramaiah. Mechanical 
and Tribological Properties of Glass–Epoxy Composites with and 

0 3 7 15

0.95

1.00

1.05

1.10

1.15

1.20

1.25
)3mc/g( ytisneD

wt.(%)

Figure 6: Density of epoxy reinforced with graphite composites against weight 
percentage.



013

https://www.chemisgroup.us/journals/open-journal-of-chemistry

Citation: Iyebeye KO, Samuel-Ekpe NI, Ekwedigwe CM, Nwambu CN. High-performance Graphite-reinforced Sustainable Epoxy Composite. Open Journal of 
Chemistry. 2025;11(1):009-013. Available from: https://dx.doi.org/10.17352/ojc.000044

Without Graphite Particulate Filler. Journal of Applied Polymer Science. 
2007;103:2472–80. Available from: https://doi.org/10.1002/app.25413

19. Wang Z, Zhang L, Chen Y. Mechanical behavior of graphite-epoxy 
composites: Experimental and numerical analysis. Composite Structures. 
2022;289:115499.

20. Wu HF, Biresaw G, Laemmle JT. Effect of surfactant treatments on interfacial 
adhesion in single graphite/epoxy composites. Polymer Composites. 
1991;12:281–8. Available from: https://doi.org/10.1002/pc.750120409

21. Yasmin A, Daniel IM. Mechanical and thermal properties of graphite platelet/
epoxy composites. Polymer. 2004;45:8211–9. Available from: http://dx.doi.
org/10.1016/j.polymer.2004.09.054

22. Zhang Y, Liu J, Xu T. Infl uence of graphite content on the mechanical 
and thermal properties of epoxy composites. Materials Science Forum. 
2020;984:55-67.

 

 
 

https://www.peertechzpublications.org/submission


