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ABSTRACT: 

Graphene when mixed in small quantity to host matrix like epoxy improves the mechanical, thermal and electrical 

properties. Fabrication of natural composite is made with goat hair as fibre with 37.5% fibre content by weight and 

graphene filled epoxy as matrix to enhance the properties. In the process of composite fabrication, five layers of goat 

hair fibre is sandwiched using resin by compression moulding method. Four composite specimens respectively epoxy 

with no Graphene content and 0.25% to 0.75% Graphene filled epoxy matrix are tested for tensile strength, flexural 

strength, impact strength and hardness. The mechanical properties of the four composite specimens are analysed. The 

experimental test results have demonstrated that graphene filled epoxy matrix reinforced with goat hair fibre specimens 

had better mechanical properties than composite with no graphene content.  
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1. Introduction 

Composite material consists of two or more chemically 

distinct constituents on a micro scale with a defined 

interface separating them. One or more discrete phase is 

embedded in a continuous phase to form a composite. 

The discontinuous phase made of fibre is usually harder 

and stronger than the continuous phase and is called the 

reinforcement, whereas the continuous phase made of 

resin is termed as matrix. There is increase in demand 

for environmental friendly materials such as natural fibre 

composites to replace the traditional fibre (i.e. carbon, 

glass and aramid fibre) composites [1, 2, 5, and 12]. The 

reasons are: biodegradability, less emissions to the 

atmosphere, abundant, renewable, availability and can be 

produced at low cost in many parts of the developing 

world. In recent years, composite materials have found 

increasing applications in construction, aerospace and 

automotive industries due to light weight, improved 

strength, corrosion resistance, controlled anisotropic 

properties. However, there is a growing demand to 

improve on composite materials with reduction in the 

cost of manufacture [3]. 

Goat hair is a natural fibre extracted from the goat 

hide. Goat hair has got potential mechanical properties 

like length varying between 30 to 120mm, bulk density 

between 1.10 to 1.25 gm/cc, diameter between 80 to 105 

microns, tensile strength between 80 to 110 MPa, 

moisture absorption around 7%, and elongation at shear 

between 30 to 60%, bio-degradable, eco-friendly, 

smooth, wear resistant, soft, elastic, low-cost and 

available in plenty [4]. Even though goat hair is used for 

many applications not much attention and work has been 

tried out in composite applications. Disposal of goat hair 

in tannery process is a perennial problem. When 

graphene is added in minute quantity with epoxy matrix, 

it improves the mechanical performance, thermal 

conductivity, electrical conductivity and permeation 

barrier properties of a range of composites [6]. 

In comparison with carbon nanotubes, graphene 

exhibits potential advantage of low cost, high surface 

area, ease of processing and safety [7], excellent thermal 

conductivity [8] and strong mechanical strength [9]. 

Gouda [10] has studied the effect of adding 0.2% multi-

walled carbon nano tubes (MWCNT) and graphene on 

the mechanical properties of glass carbon epoxy hybrid 

composite by varying fibre content. They concluded that 

modulus of elasticity was increased by 10 to 15% and 

also sustained greater loads, flexural strength was 

decreased by adding graphene fillers, impact strength 

and hardness were increased by 37% and 12.34% 

respectively in case of composite made with graphene 

and MWCNT respectively. Delamination and fibre 

breakage are minimal by adding graphene and MWCNT 

fillers. Fibre pullout is seen in tensile and flexural 

loadings, but with impact load there is less fibre pullout. 

These factors influenced the authors to study the hybrid 

goat hair fibre composite by varying the graphene nano 

filler content in the epoxy matrix. 

http://dx.doi.org/10.4273/ijvss.7.4.10
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2. Test specimens preparation 

The present investigation has been carried out with 

compression moulded composite specimens with various 

proportions of graphene content. Graphene, a fluffy, very 

light weight powder is a nano powder generated from 

graphite by chemical exfoliation method. Its diameter in 

x and y dimensions are between 10 to 20 microns and 

thickness in z direction is between 3 to 6 microns. Its 

purity is between 96 to 99%. Average number of layers 

is between 3 to 6. Thermal conductivity is 3000 W/mK, 

very high surface area between 323 to 600m
2
/g, bulk 

density is 0.241 gm/cc, high aspect ratio is about 1000, 

tensile strength is more than 5GPa and tensile modulus is 

more than 1000GPa. Graphene layers are entirely 

disassociated ensuring good dispersion and ease of 

handling while enhancing the performance [17]. Goat 

hide is purchased from a goat slaughter house. Within 10 

hours of slaughter, the goat hide is soaked in boiling 

water for two minutes and goat hair is pulled out from 

hide manually. Goat hair fibre is washed thoroughly 

many times in warm water, then using mild detergent 

and dried. It is washed again with acetone and finally 

washed in warm water, then dried in sunlight. Dried goat 

hair is manually separated and inspected for presence of 

foreign particles. Dust free goat hair is measured using 

weighing scale and prepared as layers manually. Each 

layer of goat hair fibre measures 10 grams. Five layers of 

goat hair, as shown in Fig. 1(a), are used to fabricate the 

composite specimens. 

Epoxy resin is the most widely used material due to 

its prevalent mechanical and thermal properties even at 

elevated temperatures and low shrinkage after curing and 

great synthetic safety. LY556 Epoxy and HY951 

hardener are used as matrix material with a mixing ratio 

of 10:1 by weight [11]. The epoxy matrix of 62.5% by 

weight is used. The platen before moulding is shown in 

Fig. 1(b). Graphene of 0.25% to 0.75% by weight is 

added to epoxy and then mixed thoroughly by 

mechanical means to get uniform distribution. Graphene 

filled epoxy and hardener is mixed in the ratio 10:1 and 

composite is fabricated using compression moulding. 

Moulds measuring 360mm360mm10mm are used for 

composite fabrication by compression moulding. Mould 

set is placed in the compression moulding press under a 

pressure of 105 bar and left undisturbed for 36 hours and 

then the finished composite plate, as shown in Fig. 1(c), 

is released from the mould. Table 1 shows the 

composition of fibre and graphene filled epoxy matrix 

for the fabricated composite specimens. 
 

 

Fig. 1: (a) Goat hair layer; (b) Goat hair layer reinforced epoxy; (c) 

Compression moulded composite specimen 

 

 

 

Table 1: Composition of composite specimens  

Specimen 
Goat hair fibre 

(% weight) 

Epoxy matrix 

(% weight) 

Graphene filler 

(% weight) 

Composite 1 37.5 62.50 0 

Composite 2 37.5 62.25 0.25 

Composite 3 37.5 62.50 0.50 

Composite 4 37.5 62.75 0.75 

3. Results and discussion 

3.1. Tensile test 

Tension testing is a fundamental materials science test in 

which a specimen is subjected to a controlled tension 

until failure [13]. Composite specimens are tested for 

tensile strength as per ASTM D638-03 test standard. 

Figs. 2(a) and (b) show the tensile test results of all four 

specimens. The tensile strength and elastic modulus are 

given in Table 2. It is observed that addition of graphene 

has a positive effect of enhancing the tensile strength and 

tensile modulus of composite. This result is in agreement 

with the work done by Gouda [10] and [18]. 
 

 

Fig. 2(a): Load vs. Displacement 

 

Fig. 2(b): Stress vs. Strain 

Table 2: Ultimate strength and Young’s modulus of composites 

Specimen 
Ultimate strength  

(MPa) 

Young’s modulus 

(MPa) 

Composite 1 33 515 

Composite 2 37.2 581 

Composite 3 40 625 

Composite 4 36 562 

 

3.2. Flexural test 

Flexural strength is defined as the material’s ability to 

resist deformation under load. Flexural test is conducted 

as per ASTM D790 standard. The transverse bending 
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test is the most frequently employed test, in which a 

specimen having either a circular or rectangular cross-

section is bent until fracture using a three point contact 

technique [14-15]. From flexural test results as shown 

Fig. 3 and Table 3, it is observed that addition of 

graphene enhances the flexural strength and flexural 

modulus of composite. Composite 1 has got the least 

flexural strength (2.30MPa), whereas Composite 2, 3 and 

4 show better tensile strength than Composite 1. Upto 

0.75% graphene addition, a marginal increase in flexural 

strength is observed. 
 

 

Fig. 3: Flexural load vs. Displacement 

Table 3: Flexural strength of composite specimens 

Specimen 
Flexural strength 

(MPa) 
Diff. with 

Composite 1 

Composite 1 2.3 - 

Composite 2 2.76 +20% 

Composite 3 2.91 +26.5% 

Composite 4 3.14 +36.5% 

 

3.3. Impact test 

The charpy impact test is carried out as per ASTM D256 

standard. The charpy v-notch test is a standard high 

strain rate test which determines the amount of energy 

absorbed by a material during fracture. This absorbed 

energy is a measure of composite materials notch 

toughness and acts as a tool to study temperature-

dependent ductile-brittle transition. From impact results, 

as shown in Table 4, it is observed that addition of 

graphene enhances the impact energy of composite. It is 

observed that, up to 0.5% graphene addition, the impact 

energy has increased. At 0.75% Graphene, the impact 

energy has dropped. 

Table 4: Impact energy of composite specimens 

Specimen Impact Energy (J) 
Diff. with 

Composite 1 

Composite 1 0.7 - 

Composite 2 0.85 +21.4% 

Composite 3 1 +42.8% 

Composite 4 0.75 +7.1% 
 

3.4. Hardness test 

Hardness test is carried out at room temperature as per 

ASTM D2240 using durometer hardness tester [16]. A 

1/4" ball indenter of the tester is pressed into the material 

under hand pressure on the knob which is at the top of 

the instrument. The hardness of the specimen tested is 

indicated directly on the dial gauge of the instrument. 

From Table 5, it is observed that addition of graphene 

enhances the hardness of composite. The mechanical 

properties of graphene filled epoxy reinforced with goat 

hair fibre composites are found to increase with increase 

in graphene content upto 0.5%. The reason for this trend 

may be attributed to the possible hydrogen bonding 

between the hydroxyl and carbonyl groups of graphene 

with that of epoxy resin system. Beyond 0.5% graphene 

content, marginal drop in tensile, impact, interlaminar 

properties are noted. It may be due to possible 

agglomeration at high graphene content. 

Table 5: Hardness of composite specimens 

Specimen Hardness (HRL) 
Diff. with 

Composite 1 

Composite 1 52.3 - 

Composite 2 65.6 +25.4% 

Composite 3 79.2 +51.4% 

Composite 4 82.9 +58.5% 

 

3.5. Scanning Electron Microscope (SEM)  

SEM image has been captured for Composite 1. SEM 

images with 150 and 500 magnifications are shown in 

Figs. 4(a) and (b). It is observed that there are no voids 

left, epoxy distribution is uniform, compaction is good, 

fibres are randomly distributed evenly and also bonding 

of goat hair with epoxy is good. 
 

 

Fig. 4(a): SEM image of Composite 1 specimen, 150 magnification 

 

Fig. 4(b): SEM image of Composite 1 specimen, 500 magnification 
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4. Conclusions 

Addition of graphene nano particle with epoxy matrix, 

upto 0.50%, reinforced with goat hair fibre has improved 

the mechanical properties of composite like tensile 

strength, flexural strength, impact strength and hardness. 

However at 0.75% graphene addition, a reduction in 

tensile strength, impact strength and a marginal increase 

on hardness and flexural strength were observed. By 

adding graphene upto 0.5%, the tensile strength was 

increased by 18%, flexural strength was increased by 

21%, impact strength was increased by 30%, and 

hardness was increased by 34%. 
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