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ABSTRACT- 
Particulate polymer composites comprise of polymer as matrix and variety of  micro or nano fillers. The main objective 
behind inclusion of filler material in polymer matrix is to improve the various properties as well as make the composite 
economically viable. In the present work, graphite (size less than 75 μm) is taken as micro filler for preparation of epoxy 
composites. Experimental study has been carried out to study the effect of addition of fly ash at different weight percentage 
i.e 3wt%, 6wt%, 9wt% and 12wt% on the mechanical properties of epoxy composites. Mechanical properties such as Impact 
strength, Flexural strength, Flexural modulus and Fracture toughness are studied as per ASTM standards. Specimens are 
prepared using open mould casting. The results showsthe enhancement in Impact strength, fracture toughness, Flexural 
strength and Flexural modulus is by 100% and 50.96%, 73.5% and  19% at  12wt% of graphite in epoxy composites as 
compared to pure Epoxy.  
KEYWORDS- Graphite, Epoxy Polymer, Composites, Flexural properties, Impact properties, Fracture toughness etc.  

1. INTRODUCTION 
Composite materials consist of multiple phases 
composed of continuous matrix phase and dispersed 
phase as reinforcing material. Matrix material may be 
metal, inorganic nonmetallic or polymer matrix 
composites.Reinforcing material usually material of 
micro or nanosize. Composite materials are 
manufactured to produce a material with better 
characteristics and enhanced mechanical, thermal or 
electrical properties [1]. 
Polymer matrix composite consist of organic polymer 
as matrix and micro or nano filler as reinforcement. 
Mechanical properties of filler material is much 
higher than the base matrix material. Filler material 
can act as main load bearing component and transfer 
load effectively, however matrix material act as 
adhesive[1]. 
Various applications of Composite materials includes 
manufacturing of aircraft components, electronic 
parts, packaging, surgical or medical equipment, 
thermal management and structural etc. due to the 
advantages such as high strength, light weight, 
corrosion resistance, easy processing. 
Shape, size and characteristics of filler materials is 
the important parameter while selecting a filler for 
specific application. Particulate composite is the 
combination of coarse or small particles, chopped 
fibres, platelets etc. in the matrix. A polymer is a 
very high molecular weight compound composed of 
many small molecules (known as monomers) 
synthesized via polymerization. Epoxy resin is a 
thermoset polymer containing more than one epoxide 
groups. Epoxy resins have excellent electrical 
properties, good adhesion, low shrinkage, resistance 
to thermal and mechanical shock and can be used as 
high performance coatings, adhesives, electrical 
insulation and encapsulation purpose. Mechanical 
properties of epoxy composites can be enhanced by 
adding various micro fillers such as Graphite [2-6], 
TiO2 [7-10], Clay[11-14], Granite [15-18], Fly ash 
[19-22] and nanofillers such as graphene [23-28].  
Graphite is a black, soft, allotropic form of carbon in 
hexagonal crystalline form can be used as filler 
material for various composite materials. Graphite 
consists of layers hexagonal rings of carbon atoms 
connected to each other by strong covalent bonds 
also called as benzene rings. These hexagonal plates 

or rings connected to each other by weak van der 
waals forces of attraction as shown in fig. 1. In this 
work mechanical properties (flexural strength, 
flexural modulus, and impact and fracture toughness) 
of Epoxy/graphite composites are studied as per 
ASTM standard, which is further useful for various 
application. 

 
Fig. 1. Structure of Graphite [29] 

2. MATERIALS 
Epoxy resin is chemically named Diglycidyl Ether of 
Bisphenol A (DGEBA) (epoxy resin AW-106). A 
room temperature hardner HV-953 IN supplied by 
S.Ganesh & Co. Kothrud, Pune; is used as the matrix 
material. It is a medium viscous fluid at room 
temperature. The specific gravity of cured neat resin, 
as given by the supplier is 1.17 g/cm3. Graphite 
powder was supplied by S.Ganesh & Co. Kothrud, 
Pune. 
3. PREPARATION OF EPOXY/GRAPHITE 
COMPOSITE 
Graphite powder of less than 75 μm size was used as 
micro filler. Open Glass moulds are prepared for the 
fabrication of composites. Figure 2. Shows 
preparation of Epoxy/Graphite composites. 
The predetermined weight percentage of graphite 
powder and Epoxy resin are weighed using 
microbalance and mixed manually. Hardener is then 
weighed at (10:1) ratio with Epoxy, poured slowly in 
mixture and stirred uniformly and gently for 10 min 
to avoid the formation of bubbles.  
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Fig. 2. Schematic for preparation of Epoxy/Graphite composites 
 
Due to stirring, curing reaction starts, which can be 
experienced by exothermic reaction. The prepared 
mixture is gently poured inside the open glass mould. 
The specimens were allowed to cure for 24 hours in 
the mould at room temperature for curing.  
Once the solidification is completed, the test samples 
were removed from the pattern and kept in 
electrically controlled hot air oven at 70 ºC for 7 
hours for post curing process. Samples are further cut 
and polished as per ASTM standard and kept in 
plastic bags. Plastic bags are to prevent the moisture 
absorption by samples. Similar procedure is adopted 
for various concentration of Graphite i.e. 3 wt%, 6wt 
% , 9 wt% and 12wt%.  
4. MECHANICAL TESTING OF EPOXY/ 
FLYASH COMPOSITES 
4.1 Impact Test 
Impact test is conducted to study the resistance of a 
material to sudden fracture, where load is suddenly 
applied. Energy required to produce rupture in the 
material is determined to study the tendency of 
brittleness. Generally Charpy and Izod tests are 
conducted to study Impact properties. In this work 
samples are prepared as per ASTM E23. Sample size 
is as shown in figure 3. In case of polymer 
composites unnotched samples are tested. 

 
Fig. 3. Specimen dimensions for Charpy Test 
4.2  Three Point Bend Test 
The three point bending or flexural test is conducted 
as per ASTM D790 to determine the values of 
modulus of elasticity in bending, flexural stress, 
flexural modulus, flexural strain and flexural stress-
strain response of the composite material. Sample 
size is as shown in figure 4. 

 
Fig. 4. Specimen Dimensions for Three Point Test 

4.3 Fracture Toughness 
Fracture Toughness is very important properties of 
material as it is difficult to avoid the occurrence of 
flaws during fabrication, processing or service of a 
material and component. Flaws may be in the form of 
voids, cracks, weld defects, metallurgical inclusions, 
design discontinuities or combination two or more of 
these. Fracture Toughness is the ability of a material 
to resist the fracture which already contains a crack. 
The standard test method i.e. ASTM D5045 is used 
to determine the fracture toughness of composites in 
terms of critical stress intensity factor (KIC) at the 
initiation of fracture. Sample size is as shown in 
figure 5. 

 
Fig. 5. Specimen Dimensions for Fracture 

Toughness Test 
5. RESULTS AND DISCUSSION 
Fig. 6 (a,b)  shows the microstructure of graphite 
powder and its distribution. Particles are observed in 
spherical shape. Size of the particles ranges 
approximately from 1μm to 75 μm. Some of the 
particles are in cluster, irregularly shaped and some 
are separately distributed on substrate observed as 
shown in fig. 5 (a and b).  

 
Fig. 6 (a,b). Microstructure of Graphite Podwer 

Fig. 7 shows the results of charpy impact test 
conducted on Epoxy/graphite composites with 
different weight percentage of graphite, it is evident 
that there is an enhancement in impact toughness 
with increased percentage of Graphite powder. 
Referring from above graph, the impact toughness 
value of Pure Epoxy sample is 0.2 Joule. When 
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percentage of Graphite powder is increased to 12% in 
Epoxy content, the Impact toughness value obtained 
is 0.4 Joule. I.e. total 100% enhanced in Impact 
Toughness. 

 
Fig.7. Impact Properties of Epoxy/graphite 

composites 
Fig. 8,9 shows the flexural properties of 
Epoxy/graphite composites with different percentage 
ratios, it is evident that there is an enhancement in 
Flexural Strength with increased percentage of 
Graphite powder. Referring from above graph, the 
Flexural Strength value of Pure Epoxy sample is 
66.03 MPa. When percentage of Graphite powder is 
increased to 12% in Epoxy content, the Flexural 
Strength value obtained is 73.5 MPa. i.e. total 12% 
enhanced in Flexural Strength. 

 
Fig. 8.  Flexural Strength of Epoxy/graphite 

composites 

 
Fig.9.  Flexural Modulus of Epoxy/graphite 

composites 
Flexual modulus of pure epoxy and Epoxy/graphite 
composites is shown in fig.8,9. Flexural modulus of 
Epoxy/ graphite blended with different percentage 
ratios, it is evident that there is an enhancement in 
Flexural Modulus with increased percentage of 
Graphite powder. Referring from above graph, the 
Flexural Modulus value of Pure Epoxy sample is 
1698 MPa. When percentage of Graphite powder is 
increased to 12% in Epoxy content, the Impact 

toughness value obtained is 2019. I.e. total 19% 
enhanced in Flexural Modulus. 

 
Fig. 10. Fracture toughness of Epoxy/fly-ash 

composites 
Fracture Toughness of  epoxy/graphite composites 
blended with different percentage ratios is shown in 
fig 10. The Fracture Toughness value of Pure Epoxy 
sample is 34.48 MPa. When percentage of Graphite 
powder is increased to 12% in Epoxy content, the 
Fracture Toughness value obtained is 50.96 MPa. I.e. 
total 48% enhanced in Impact Toughness. 
6. CONCLUSION 
We were fabricated the polymer reinforced 
particulate composites i.e. Epoxy/Graphite 
composites with different weight percentage of 
graphite powder using open mould casting technique. 
Samples were tested as per ASTM standards to study 
various mechanical properties such as  Charpy 
Impact test, Flexural Strength, Flexural Modulus and 
Fracture Toughness test. 
In present work it is observed that, with the addition 
of graphite (size less than 75 μm) in epoxy resin at 
different weight percentage such as 3 wt%, 6 wt% 
and 9wt% and 12 wt% mechanical properties got 
enhanced. This increased properties is due to uniform 
dispersion, better adhesion and strong interfacial 
interaction between graphite and epoxy resin. 
Graphite flakes resist the crack propagation and 
improves the flexural properties. Due to better 
harness it improves impact and fracture toughness 
properties of epoxy composites. 
The enhancement in Impact strength, fracture 
toughness, Flexural strength and Flexural modulus is 
by 100% and 50.96%, 73.5% and 19% at 12wt% of 
graphite in epoxy composite. Epoxy/graphite 
composites have wide range of applications where 
cost of system needs to be cheaper. 
REFERENCES 

[1] Wang, Ru-Min, Shui-Rong Zheng, and Yujun 
George Zheng. Polymer matrix composites and 
technology. Elsevier, 2011. 

[2] Yasmin, Asma, and Isaac M. Daniel. "Mechanical 
and thermal properties of graphite platelet/epoxy 
composites." Polymer 45.24 (2004): 8211-8219. 

[3] Madhukar, Madhu S., and Lawrence T. Drzal. 
"Fiber-matrix adhesion and its effect on 
composite mechanical properties: I. Inplane and 
interlaminar shear behavior of graphite/epoxy 
composites." Journal of Composite 
Materials 25.8 (1991): 932-957. 

[4] Madhukar, Madhu S., and Lawrence T. Drzal. 
"Fiber-matrix adhesion and its effect on 
composite mechanical properties. III. 
Longitudinal (0) compressive properties of 
graphite/epoxy composites." Journal of composite 
materials26.3 (1992): 310-333. 

[5] Gojny, Florian H., et al. "Influence of different 
carbon nanotubes on the mechanical properties of 



                      Kulkarni et al, International Journal of Advanced Engineering Research and Studies      E-ISSN2249–8974 

Int. J. Adv. Engg. Res. Studies/VI/I/Oct.-Dec,2017/01-04 

epoxy matrix composites–a comparative 
study." Composites Science and Technology 65.15 
(2005): 2300-2313. 

[6] Allaoui, Aïssa, et al. "Mechanical and electrical 
properties of a MWNT/epoxy 
composite." Composites science and 
technology 62.15 (2002): 1993-1998. 

[7] Srivastava, Saurabh, and Rajesh Kumar Tiwari. 
"Synthesis of epoxy-TiO2 nanocomposites: A 
study on sliding wear behavior, thermal and 
mechanical properties." International Journal of 
Polymeric Materials 61.13 (2012): 999-1010. 

[8] Huang, K. S., et al. "Synthesis and properties of 
epoxy/TiO2 composite materials." Polymer 
composites 27.2 (2006): 195-200. 

[9] Ghosh, P. K., et al. "Influence of nanoparticle 
weight fraction on morphology and thermal 
properties of epoxy/TiO2 
nanocomposite." Journal of Reinforced Plastics 
and Composites 31.17 (2012): 1180-1188. 

[10] Ng, C. B., L. S. Schadler, and R. W. Siegel. 
"Synthesis and mechanical properties of TiO2-
epoxy nanocomposites." Nanostructured 
Materials 12.1-4 (1999): 507-510. 

[11] Lan, Tie, and Thomas J. Pinnavaia. "Clay-
reinforced epoxy nanocomposites." Chemistry of 
materials 6.12 (1994): 2216-2219. 

[12] Wang, Ke, et al. "Epoxy nanocomposites with 
highly exfoliated clay: mechanical properties and 
fracture mechanisms." Macromolecules 38.3 
(2005): 788-800. 

[13] Xu, Yuan, and Suong Van Hoa. "Mechanical 
properties of carbon fiber reinforced epoxy/clay 
nanocomposites." Composites Science and 
Technology 68.3 (2008): 854-861. 

[14] Lan, Tie, and Thomas J. Pinnavaia. "Clay-
reinforced epoxy nanocomposites." Chemistry of 
materials 6.12 (1994): 2216-2219. 

[15]  Ramakrishna, H. V., and S. K. Rai. "Effect on the 
mechanical properties and water absorption of 
granite powder composites on toughening epoxy 
with unsaturated polyester and unsaturated 
polyester with epoxy resin." Journal of reinforced 
plastics and composites 25.1 (2006): 17-32. 

[16] Kolsky, Herbert. "An investigation of the 
mechanical properties of materials at very high 
rates of loading." Proceedings of the Physical 
Society. Section B62.11 (1949): 676. 

[17]  Kim, Hyun Surk, and Kyu Yeol Park. "A study 
on the epoxy resin concrete for the ultra-precision 
machine tool bed." Journal of materials 
processing technology 48.1-4 (1995): 649-655. 

[18]  Lau, J. S. O., B. Gorski, and R. Jackson. "The 
effects of temperature and water-saturation on 
mechanical properties of Lac du Bonnet pink 
granite." 8th ISRM Congress. International 
Society for Rock Mechanics, 1995. 

[19] Singla, Manoj, and Vikas Chawla. "Mechanical 
properties of epoxy resin–fly ash 
composite." Journal of minerals and materials 
characterization and engineering 9.03 (2010): 
199. 

[20]  Chaowasakoo, T., and N. Sombatsompop. 
"Mechanical and morphological properties of fly 
ash/epoxy composites using conventional thermal 
and microwave curing methods." Composites 
Science and Technology 67.11 (2007): 2282-
2291. 

[21] Wu, Gaohui, Jian Gu, and Xiao Zhao. 
"Preparation and dynamic mechanical properties 
of polyurethane‐modified epoxy composites filled 
with functionalized fly ash particulates." Journal 
of applied polymer science 105.3 (2007): 1118-
1126. 

[22]  Srivastava, V. K., and P. S. Shembekar. "Tensile 
and fracture properties of epoxy resin filled with 
flyash particles." Journal of Materials 
Science 25.8 (1990): 3513-3516. 

[23] Tang, Long-Cheng, et al. "The effect of graphene 
dispersion on the mechanical properties of 
graphene/epoxy composites." Carbon 60 (2013): 
16-27. 

[24] Rafiee, Mohammad A., et al. "Enhanced 
mechanical properties of nanocomposites at low 
graphene content." ACS nano 3.12 (2009): 3884-
3890. 

[25]  King, Julia A., et al. "Mechanical properties of 
graphene nanoplatelet/epoxy 
composites." Journal of Applied Polymer 
Science 128.6 (2013): 4217-4223. 

[26]  Saha, Monimoy, Pankaj Tambe, and Soumen Pal. 
"Thermodynamic approach to enhance the 
dispersion of graphene in epoxy matrix and its 
effect on mechanical and thermal properties of 
epoxy nanocomposites." Composite 
Interfaces 23.3 (2016): 255-272. 

[27]  Kulkarni, Hrushikesh, Pankaj Tambe, and Girish 
Joshi. "High concentration exfoliation of 
graphene in ethyl alcohol using block copolymer 
surfactant and its influence on properties of epoxy 
Nanocomposites." Fullerenes, Nanotubes and 
Carbon Nanostructures 25.4 (2017): 241-249. 

[28]  Kulkarni, Hrushikesh B., Pankaj Tambe, and 
Girish M. Joshi. "Influence of covalent and non-
covalent modification of graphene on the 
mechanical, thermal and electrical properties of 
epoxy/graphene nanocomposites: a 
review." Composite Interfaces (2017): 1-34. 

[29]  https://www.quora.com/What-is-the-molecular-
structure-of-graphite, accessed on 07/09/2017. 


