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Abstract

New composites materials are developed to meet the demand for medical
devices, vehicles, protective equipment, sporting goods, etc. In present investigations,
the effects of graphite filler particles in the epoxy were studied separately by preparing
epoxy with 5 and 10 vol.% of graphite filler particles composites by hand layup
technique. Further, the combined effect of graphite filler particles and pineapple leaf
fibers (PALF) on the mechanical behaviour of epoxy composites was studied by
preparing epoxy with 5 vol.% of graphite -30 vol.% of PALF and epoxy with 10 vol.%
of graphite -30 vol.% of PALF composites. Prepared composites were subjected to
evaluating various mechanical properties like tensile strength, elongation, and flexural
strength as per ASTM standards. By adding graphite filler particles and PALF fibers
tensile, and flexural strength were improved with a slight reduction in the percentage
elongation. Further, these conventional results were validated by FEM analysis using
MSC Patran and Nastran Student Version.
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Introduction

Generally, any material containing two or more constituents with dissimilar
properties and distinct boundaries between the constituents can be referred to as a
composite material. Moreover, the idea of joining several components to create a
material with possessions that are not attainable with the individual components has
been used by man for thousands of years. Correspondingly, most natural constituents
that have emerged as a result of the prolonged evolution process can be treated as
composite materials [1].

The demands for advanced materials with improved properties have been
increasing. This expansion has significantly contributed to the advent of new polymer-
matrix composite material, so that facilitate improvement of properties of a material that
could use in various engineering applications, including automobile, aircraft and
structural composites, biomedical & sporting materials etc. The high performance of
continuous synthetic fiber reinforced polymer matrix composite is thoroughly known
and documented; however, synthetic fibers and polymers that come from traditional
sources of energy per year more than 140 million tons of crafted from synthetic
polymers [2]. This fiber reinforced plastic (FRP) is used in a variety of applications
from a household kitchen to aerospace, but once used, it is unable to be reused, so
disposal problems are challenging, FRP being a non-degradable material [3]. Pineapple
is a non-climacteric and the third most commonly grown after bananas and citrus [4].
Alfredo et al. [5] studied the impact of 12 different varieties of pineapple fibres on the
technological, chemical, structural and morphological properties of polymer
composites. Mechanical properties and chemical behaviour of polymer composites were
improved by adding pineapple fibers.

Moreover, the natural fiber extracted from leaves, among other the PALF has the
highest % of cellulose content with a low microfibrillar angle. This is the principal
responsible factor for improving tensile properties. So, choosing PALF reinforced fiber
in polymer composite is due to many reasons such as cheaper, excellent tensile strength,
high toughness, and good thermal and acoustic insulation & abundantly available in
nature. The type of matrix used influences the mechanical properties of the composite,
and the durability of the composite is also affected. The thermoplastic and the
thermosetting polymer is the most common type of matrix resin used in polymer
composites. Many scholars have assessed the PALF reinforced thermoset composites
such as polyester & epoxy polymers c¢ for mechanical properties [6-8]. On assessing all
resins, thermoset-based resin conveyed superior mechanical properties to thermoplastics
and bio-gradable resins. So, epoxy polymers have excellent properties, including good
thermal and mechanical properties, compatible with any type of fiber with low cost [9].
Because of these properties, it makes them more suitable for use in wide-ranging
applications such as adhesive coatings structural materials or as the composite matrix
[10, 11]. Sathees Kumar et al. [12, 13] investigated the effect of graphite and silicon
carbide fillers on the mechanical properties of PA6 polymer composites.

Epoxy has a higher degree of crosslinking, so it will enhance the rigidity and
strength of the material. However, because crosslink epoxy becomes more brittle and
vulnerable to break, due to this problem of epoxy, many researchers have worked on
how to improve the epoxy toughness by adding filler into the polymer. The mechanical
and tribological properties would maintain adequately because of the filler and less resin
material consumption, so direct cost reduction is possible [14-16]. In the current
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research, expandable graphite is used due to its remarkable effect on the polymer
properties at low filler fractions, polymer/ graphite-based nanocomposite has attracted
most academics and industry in recent years [17-19]. The polymer contains layered
structure molecule, so layer by layer structured graphite have the capability to improve
mechanical toughness due to its excellent properties [20, 21]. Tensile modulus of epoxy
would increase due to an increase in graphite filler content [22-24]. Tensile properties of
polymer composites have been improved due to a strong interface between the fiber and
matrix with uniform distribution of graphite filler particles.

In this study, an experimental study was carried out to characterise the
mechanical properties of graphite filler particles and pineapple leaf (PALF) fibers
reinforced epoxy composites. The aim of this work was to study the effect of 5 and 10
vol.% of graphite filler contents and 30 vol.% of pineapple leaf fibers on ultimate
strength, yield strength, elongation and flexural strength of polymer composites.

Experimental Details

Materials

Epoxy has been the major matrix material of polymer matrix composites for
aerospace and automotive applications for many years. This is attributable to ease of
processing, good mechanical properties, and low cost. Hence, in the present study epoxy
matrix material was prepared at room temperature by mixing epoxy LY 556 and
hardener HY 951 as in Fig. 1 (a) in a 10:1 ratio as per supplier instruction.

Fig. 1 (a) Epoxy and hardener (b) expanded graphite filler particles (c) Pineapple leaf
fibers.
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Expanded graphite particles were used as a filler material to prepare the epoxy
polymer composites, 10 nm size expanded graphite particles used in the current
investigations as shown in Fig. 1 (b) procured from Ultrananotech Private Limited,
Bangalore. Pineapple leaf fibers (PALF) were used as the major reinforcement material
to prepare the hybrid polymer composites. Epoxy with 5% of graphite filler and 30% of
PALF and one more set of hybrid composites of epoxy with 10% of graphite filler and
30% of PALF. Pineapple leaf fibers with 91 nm in diameter and 300 mm in length used
to prepare the epoxy compaosites are shown in Fig. 1(c) were procured from Go Green
Products Guntur, Andrapradesh.

Preparation of Polymer Composites and Testing

The hand layup process was adopted to prepare the epoxy with graphite fillers
and PALF fibers reinforced composites. Initially, in the 10:1 ratio, LY 556 epoxy and
HY 951 hardener mixer were prepared. Further, in this prepared mixer of epoxy 5%
(volume) of graphite filler particles were dispersed thoroughly by a manually operated
mechanical stirrer. A mould of 300 x 300 mm with 4 mm thickness was utilised to
synthesize the final composites (Fig. 2). The epoxy with 5 vol.% of graphite filler
composite was poured into the mould to get the graphite filler particles reinforced
polymer composites.

Further, 10% of graphite particles reinforced polymer composites were obtained
by the same procedure. 30 vol.% of pineapple leaf fibers were used in the mould by
layup process, and 5 vol.% of graphite filler reinforced epoxy to synthesize hybrid
composite. Finally, 300 x 300 mm flat plate with a 4 mm thick composite plate was
obtained after 6 hours of curing, as in Fig. 3. Similarly, one more set of hybrid
composites were fabricated by varying the volume percentage of graphite fillers. Table
1 represents the various composites prepared in the current study.

> N ‘ : =

Fig. 2. Preparing the mould with dimensions 300 x 300 x 4 mm.
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Fig. 3. Epoxy with graphite filler and PALF composites.

Table 1. Prepared composites composition.

Composition Composite Epoxy Graphite PALF
Code (Vol. %) (Vol. %) (Vol. %)
Epoxy-5% Graphite A 95 5 -
Epoxy-10% Graphite B 90 10 -
Epoxy-5% Graphite-
Poxy P C 65 5 30
30%PALF
Epoxy-10% Graphite-
Poxy P D 60 10 30
30%PALF

Table 2 shows the various physical and mechanical properties of epoxy, graphite,
and PALF fibers.

Table 2 Physical and Mechanical Properties of epoxy, graphite and Pineapple Leaf

Fibers [25].

Properties Epoxy Graphite Pineapple Leaf Fibers
Density (g/cm®) 1.1 2.20 1.52
Strength (MPa) 55 70 413-1627
Modulus (GPa)  1.75 10-15 34.5-82.81

Cellulose (%) -- 74.33-85

These prepared composites were machined as per ASTM standards to study the
various mechanical properties. Fabricated epoxy with 5% graphite (A), 10% graphite
(B), 5% graphite-30% PALF (C) and 10% graphite-30% PALF(D) composites of
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dimensions 250 mm x 25 mm x 4 mm were subjected to tensile tests as per ASTM
D3039 standard [26]. From the experimentation, tensile properties such as tensile
strength and elongation were found. For all the compositions average value of 3
specimens was reported.

Influences of graphite filler particles and PALF on the flexural properties of
epoxy composites were investigated. Fabricated epoxy composites with 5% graphite,
10% graphite, 5% graphite-30%PALF and 10% graphite-30% PALF composites of
dimensions 127 mm x 12.7 mm x 4 mm were subjected to flexural tests as per ASTM
D790 standard [27]. For each composition, three specimens were tested, and the average
value was reported. Further, these tensile and flexural tests conventional results were
validated by FEM analysis using MSC Patran and Nastran Student Version.

Results and Discussion
Tensile Properties

Table 3. Tensile properties of epoxy with graphite and PALF composites.
Composite Code Tensile Strength (MPa) UTM  Tensile Strength (MPa) FEM

A 42.53 43.4
B 43.80 44.7
C 45.37 46.25
D 47.68 48.12

Table 3 and Fig. 4 demonstrate the tensile strength of epoxy with 5% of graphite,
10% of graphite, 5% graphite, and 30%PALF and 10% graphite, and 30% PALF
reinforced composites. The prepared varying volume percentage of graphite and PALF
fibers reinforced composites coded by A, B, C, and D as shown in Tables 1 and 2
accompanied by Fig. 2. The tensile strength of 5% graphite fillers reinforced epoxy
composite is 42.53 MPa. Further increase in the content of graphite fillers to 10% in the
epoxy strength has enhanced to 43.80 MPa. Tensile strength of epoxy enhanced with the
addition of varying volume fractions of graphite fillers. Further, the incorporation of
30% of pineapple leaf fibers along with 5% graphite fillers showed an improved tensile
strength of 45.37 MPa. In the case of 10% graphite fillers and 30% PALF reinforced
epoxy composites, it is 47.68 MPa.
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Fig. 4. Tensile strength of graphite fillers and PALF reinforced epoxy composites.

The highest tensile strength is observed with the increasing content of graphite
fillers, along with 30% of pineapple fibers reinforced composites. The enhancement of
tensile strength is due to the presence of graphite particles in all directions in the epoxy.
Further, the presence of PALF improved the strength, which carries the major axial load
during the tensile test. Temesgen et al. [28] was noted a similar kind of enhancement in
the mechanical behaviour of banana and glass fibers reinforced epoxy composites.

Further, conventional tensile test results are validated using FEM analysis using
MSC Patran and Nastran student version software. Fig. 5 shows the tensile model
created for analysis with the same dimensions used in the conventional tensile testing
ie.,

250 mm x 25 mm x 4 mm with 310 nodes and 250 shell elements.

Fig. 5.Tensile model for FEM analysis

Fig. 6 (a-d) demonstrates the tensile strength of varying volume fractions of
graphite fillers and 30% PALF reinforced epoxy composites determined by the analysis
method. The tensile strength of 5% graphite fillers reinforced epoxy composites
obtained from the FEM method is 43.4 MPa, as Fig. 6(a). Similarly, for 10% graphite
fillers reinforced composites, the tensile strength is 44.7 MPa (Fig. 6b), in the case of
5% graphite-30% PALF and 10% graphite-30% PALF composites, it is 46.2 MPa and
48.1 MPa, respectively, as shown in Fig. 6(c-d). The conventional tensile strength
results as in Fig. 4 are in line with FEM analysis results.
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Epoixy+5% Graphite, Utimate Tensile Sirength (UTS) MPa 43.39

[ 0
.39
Y 7.92
L% default_Fringe :
Max 43.40 @Nd 132
Min 5.38 @Nd 55

Epoxy+10% Graphite, Ulimate Tensile Strength (UTS) Mpa

b)



Mahadevreddy et al.- Tensile and Flexural Behaviour of Graphite Filler Particles ... 149

Epoxy+5% Graphite+30% PALF, Uttimate Tensile Strength (UTS) Mpa

L x default_Fringe :
Max 46.25 @Nd 132
Min 5.74 @Nd 55

c)

Epoxy+10% Graphite+30% PALF, Uimale Tensile Strength (UTS) Mpa 48.116

X default_Fringe :
Max 48.12 @Nd 132
Min 5.98 @Nd 55

d)
Fig. 6.Tensile strength of (a) Epoxy with 5% graphite fillers (b) Epoxy with 10%
graphite fillers (c) Epoxy with 5% graphite-30% PALF (d) Epoxy with 10% graphite-
30% PALF composites
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Fig. 7 Percentage elongation of graphite fillers and PALF reinforced epoxy composites.

Percentage elongation of graphite fillers and pineapple leaf fibers reinforced
composites are represented in Fig. 7 and Table 2. The ductility of epoxy with 5% of
graphite fillers, 10% graphite fillers, 5% graphite-30% PALF and 10% grapite-30%
PALF reinforced composites are 1.05%, 0.97%, 0.97% and 0.95% respectively. The
addition of graphite fillers and pineapple leaf fibers decreased the ductility of epoxy
composites. Further, from plot 7, as graphite filler contain increased to 10%, there is a
decrease in the elongation. This ductility has reduced to 0.95% with the incorporation of
30% PALF along with graphite particles filled epoxy composites. Both the PALF and
graphite act as a barrier for the deformation during tensile loading. Danladi et al. [29]
studied the ductility of pineapple leaf fibers reinforced high density polyethylene
composites. As the PALF content increased to 0 to 50% there was a decrease in the
elongation.

Flexural Strength

Bending test for graphite and PALF reinforced composites is done according to
ASTM D790 standard technique using a Universal testing machine (UTM). All the
flexural examples are tested at room temperature, a constant strain rate of 5 mm/min is
used for all samples. Three samples were tested for each of the particular compositions.
The 3 Point flexural tests were conducted to evaluate bending strength and rigidness of
graphite-PALF composites. Fig. 8 and Table 3 are showing according to the results
noted in the 3 point flexural test. The flexural strength of 5% expanded graphite filled
epoxy composites is 137.2 MPa. This strength increased as the volume percentage of
expanded graphite content increased to 10%.

Further, the flexural strength of the epoxy composites was enhanced with the
addition of 30% PALF in 5, and 10% of graphite fillers reinforced composites. The
highest flexural strength is observed in 5% graphite and 30% PALF fibers reinforced
epoxy composites is 171.4 Mpa. The improved flexural strength is mainly due to the
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strong adhesion between the epoxy, fillers, and fibers. The flexural strength of jute
fibers reinforced epoxy composites with SiC fillers was studied by Manohar et al. [30]
have noticed improved strength due to the combined effect of jute fibers and SiC
particles in the epoxy resin.

Table 4 Flexural properties of epoxy with graphite and PALF compsites
Composite Code Flexural Strength (MPa) (UTM)  Flexural Strength (MPa) (FEM)

A 137.2 139.8
B 148.3 152.3
C 160.4 163.2
D 171.4 173.8

I Flexural Strength

200 ~

150 -
100 -
50 -
0
A B c D

Graphite Fillers and PALF Reinforced Epoxy Composites

Flexural Strength (MPa)

Fig. 8 Flexural strength of graphite fillers and PALF reinforced epoxy composites

Fig. 9 (a-d) and Table 4 demonstrate the flexural strength of varying volume
fractions of graphite fillers and 30% PALF reinforced epoxy composites determined by
the analysis method. The flexural strength of 5% graphite fillers reinforced epoxy
composites obtained from the FEM method is 139.8 MPa, as in Fig. 9(a). Similarly,
10% graphite fillers reinforced composites 152.3 MPa (Fig. 9b), in the case of 5%
graphite-30% PALF and 10% graphite-30% PALF composites, is 163.2 MPa and 173.8
MPa respectively as in Fig. 9(c-d). The conventional flexural strength test results, as in
Fig. 8, are in line with FEM analysis results.
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Epoxy+5% Graphite, Flexural Strength, Mpa 139,71

default_Fringe
Max 139.78 @Nd 35
Min 0.00 @Nd 10

default_Deformation :
Max 1.15.002 @Nd 102]

a)

Eposxy+ 10% Graphite, Flexural Strength, Mpa 152.281

default_Fringe -
Max 152.28 @Nd 35
Min 0.00 @Nd 10

default_Deformation :
Max 1.15.002 @Nd 102]

b)

Epoxy+5% Graphile +30% PALF. Flexural Strength. Mpa 1631

default_Fringe :
Max 163.18 @Nd 36
Min 0.00 @Nd 10
default_Deformation :
Max 1.15-002 gohid 102)

c)
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Eposy+ 10% Graphite+30% PALF. Flexural Strength. Mpa 173774

default_Fringe :
Max 173.76 @Nd 36
Min 0.00 @Nd 10

default_Delormation

Max 1.15-002 @hd 102]

d)

Fig. 9.Flexural strength of (a) Epoxy with 5% graphite fillers (b) Epoxy with 10%
graphite fillers (c) Epoxy with 5% graphite-30% PALF (d) Epoxy with 10% graphite-
30% PALF composites

Fig. 9 (a-d) demonstrates the flexural strength of epoxy with graphite fillers, and
PALF reinforced composites obtained from FEM analysis. The flexural strength of
these composites is analyzed with MSC Nastran software. From all the plots, it can be
concluded that deformation is minimum in the case of epoxy with 10 wt.% of graphite
and 30 vol.% of PALF reinforced composites. This enhanced flexural strength is
mainly due to the presence of graphite fillers PALF fibers in the epoxy resin.

Conclusions

In the present study, an effort has been made to understand the flexural and
tensile behaviour of hybrid pineapple leaf fiber (PALF) reinforced with epoxy and
graphite as filler. FEM simulation was carried out using MSC Patran and Nastran
student version. Various composites with 5% expanded graphite, 10% expanded
graphite, 5% graphite-30% PALF, and 10% graphite-30% PALF reinforced epoxy
composites were prepared by hand layup process. The prepared composites were
studied for various mechanical properties like tensile and flexural strength as per ASTM
standards. Epoxy composites with 30% PALF and 10% expanded graphite filler
reinforced composites exhibited superior tensile and flexural properties as compared to
remaining composites. Further, there was a slight decrease in the ductility of epoxy with
the PALF fibers and graphite fillers. These conventional testing results were validated
by using FEM analysis. Both the conventional tensile and flexural strength results were
in line with each other. The prepared composites are well suited for automotive and
aerospace applications. Especially, these composites can replace high cost carbon fiber
reinforced polymer composites in the aerospace applications like air intake duct and
fairings of trainer aircrafts.
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