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Abstract. The go-green concept results in multipoint focus towards materials made from nature; easily decompos-
able and recyclable polymeric materials and their composites along with natural fibres ignited the manufacturing
sectors to go for higher altitudes in engineering industries. This is due to the health hazard and environmental prob-
lems faced in manufacturing and disposal of synthetic fibres. This study was undertaken to analyse the suitability of
new natural fibre as an alternative reinforcement for composite materials. In this paper, tensile, flexural and impact
test is made for the woven alovera and kenaf (AK), sisal and kenaf (SK), alovera, sisal and kenaf fibre hybrid epoxy
composites (ASK). The composite laminates are made through a hand-layup process. The surface analysis is studied
through scanning electron microscopy. From the investigation the SK hybrid composite shows good tensile prop-
erty, AK hybrid composite shows better flexural property and the best impact strength is observed for ASK hybrid
composite. The natural fibres slowly replace the synthetic fibres from its environmental impact, marching towards

a revolution in engineering materials.

fibres has a huge impact in building a healthy environment;
with higher fibre content for equivalent performance, its
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Abbreviations
AK alovera and kenaf

SK sisal and kenaf

ASK alovera, sisal and kenaf

ASTM  American Society for Testing and Materials
DBA data-based approximation

MPa megapascal

NaOH sodium hydroxide

RoHM rule of hybrid mixture

SLS sodium lauryl sulphate

SEM scanning electron microscopy

J joules

UTM  universal testing machine
kN kilonewton

h hours

mm millimetre

min minute

1. Introduction

Natural fibres have enormous superior properties over syn-
thetic fibres due to their inexpensiveness, low density, proven
specific strength, better thermal insulation properties, nom-
inal tool wear and easy renewability. Manufacturing natural
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lower weight has greater effect in mileage improvement
and emissions are drastically reduced, especially in auto-
applications, compared with glass fibres [1]. Natural fibres
extracted from banana, alovera, kenaf and sisal fibres are
reviewed and the manufacturing process involved in fabri-
cating these natural fibre composites with different resins is
considered as an alternate strategy to eliminate plastic fibres
as a core agent in composites [2]. The union between fibre
and matrix as well as the characteristics of the fibre deter-
mines the properties of natural-fibre-reinforced composite.
Further, these composites are improved by passing the fibre
through various chemical processes before fabrication [3].
The structural properties of a sisal fibre will also get mod-
ified depending on the area in which it is cultivated, how
it has grown, on the age of the plant and so on. Anyhow
the experimental conditions and processing techniques such
as fibre diameter, gauge length, strain rate, test temperature,
fibre orientation and fibre-volume fraction also have a domi-
nant role in affecting the mechanical and physical properties
of sisal fibre [4]. Higher extensibility and fibre stiffness can
be achieved through chemical and thermal treatment of sisal
fibres; the mechanical property can be upgraded by increas-
ing the bonding between the fibre bundles and matrix [5].
On rinsing sisal fibres with NaOH solution, the reinforcement
shows higher tensile strength and lower moisture absorption
[6]. Hybrid composites of sisal/banana were tested for their
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tensile properties using the RoOHM and it was found that the
values are somewhat higher compared with the experimen-
tal values. This fact may be due to the presence of micro-
voids formed in the laminates during fabrication [7]. The
scale of the fibre is also a reason for analysing the mechan-
ical properties of sisal composite vs. the fibre content in
the tensile and impact tests predicted by genetic algorithm
and factorial design techniques [8]. Sisal fibre cement com-
posite with the orientation of long aligned fibres as rein-
forcement that has undergone fatigue behaviour was studied
for stress vs. cycles and stress—strain hysteresis behaviour.
From the behaviour, no reduction in strength is observed,
but Young’s modulus is found to be reduced and growth of
first crack strength is observed with higher rate of fatigue
stress [9]. Naturally the sisal fibres have the characteristics
of higher wear resistance compared with the matrix. Hence,
the applicability of these composites in fibre board can be
expanded [10]. Sisal/glass fibre composites show better ten-
sile loading than jute/glass fibre composites and perform
better for flexural loading [11]. The tensile, flexural and
impact strength of randomly mixed fibre and woven form
of banana/kenaf hybrid composite is enhanced by giving
SLS treatment [12]. Water absorption test is carried out
for kenaf/glass fibre reinforced with unsaturated polyester
composite, by submerging the samples in rain water, dis-
tilled water and seawater. Deterioration in mechanical prop-
erties of kenaf fibre is observed due to the moisture content
in the composites [13]. By using pultrusion and filament
winding processes, kenaf fibre can be used as an choice to
substitute synthetic fibres as reinforcement in composites
because of its accessibility and ease of handling that have
never been related to those of other natural fibres before
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[14]. Alkali treatment shows difference in the cross-section
of kenaf fibres when judged against the untreated fibres. This
variation has a bigger impact in the progress of the ten-
sile strength match-up to the strength values predicted by
untreated fibre based on the DBA technique [15]. Fibre ref-
erence point, composition, uncovered surface area, perme-
ability and hydrophilicity are the components that diminish
the fracture toughness of long kenaf/woven glass hybrid
composite due to the effect of water absorption [16]. Tensile,
flexural and impact strength of woven banana and glass
fibre epoxy composites is determined in relation to surroun-
dings to handle artificial fibres [17]. Mechanical properties
are experimentally studied for alkali-treated kenaf-fibre-
reinforced polyester composite processed by vacuum infu-
sion technique and the properties are found to be amplified
[18]. Bumper beams and front-end modules prepared with
hybrid kenaf/glass-reinforced material might be utilized in
auto-industries by developing the impact properties as well
as by diminishing the thickness and beam curvature, and
strengthening the ribs [19]. In this research work an effort
has been made to study the mechanical properties of hybrid
woven alovera/sisal/kenaf-fibre-reinforced epoxy compos-
ites along with scanning electron microscopy (SEM) analy-
sis. Performance of the individual composites is summarized.

2. Experimental

2.1 Materials

The composite material used in this research is fabricated
using natural fibres such as alovera, sisal and kenaf in
woven form, which are shown in figure 1. The natural fibres

Figure 1.

(a) Alovera, (b) sisal and (¢) kenaf woven natural fibres.
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were collected from Anakaputhur Jute Weaver Association,
Chennai, India. Matrix material selected is epoxy resin grade
B-11 (3101) and hardener grade K-6 (5205) as binder for
the resin. Manufacturing process of the composites was car-
ried out at Creative Composites, Chennai, India. Mechani-
cal experiments were carried out at Omega Inspection and
Analytical Laboratory, Chennai, India. From the rule of
mixture it is predicted that the natural woven fibre fab-
ric used in this investigation is 65% and the epoxy resin
used is 35%. The pattern of woven fabric is of plain weave
type and it offers high fabric integrity and dimensional
stability.

Alovera + kenaf

Kenaf + sisal
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2.2 Composite preparation

Several methods exist for the fabrication of composites; for
example, hand layup, compression molding, resin transfer
molding, filament winding, pultrusion and vacuum molding
are the familiar processes. In this investigation the compos-
ite laminates were prepared by hand layup procedure. It is
one of the easiest and simplest techniques and involves mix-
ture of resin and fibres in different forms. Keeping the woven
fibre mats in a standard size mold, resin is applied with a
brush on the exterior layers of the fibre mat immediately
followed by forcing the rollers. Air voids are removed based

Alovera + kenaf + sisal

Figure 2. Hybrid (a) AK, (b) SK and (¢) ASK composite laminates.

Figure 3.

Al « kgnal + igal

(a) Tensile, (b) flexural and (c¢) impact specimens of woven alovera, sisal and kenaf hybrid composite.
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on the pressure applied by the operator’s hand and uniform  advantage of this technique is that in less time large and
movement of rollers should be maintained. Desired thick- complicated parts can be fabricated. Because of the sim-
ness of the composite laminate is obtained by adding the ple equipment and tools the manufacturing cost is far less
mat layers and applying the resin sequentially. The main compared with the other techniques. In this study woven
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Figure 4. Stress—strain model graph produced from the machine for tensile investigation of woven
(a) AK, (b) SK and (c¢) ASK hybrid composites.
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alovera/sisal/kenaf fibres in mat form were reinforced sepa-  dissolve the resin and the hardener in the medium. Finally
rately into epoxy resin and the related hardener was merged  the fabricated composite is removed from the mold, after cur-
in aratio of 10:1 by weight as suggested. The mixing of resin  ing. The above-mentioned procedure is followed in preparing
and hardener is done very carefully with proper stirring to  the AK composite. The woven alovera fibre mat measures
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Figure 5. Stress—strain model graph produced from the machine for flexural investigation of woven
(a) AK, (b) SK and (c¢) ASK hybrid composites.
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300 x 300 mm and 0.7 mm in thickness; it is kept at 0° orien-
tation on the epoxy resin that has been coated inside the mold
as the first layer for the laminates. Later epoxy resin is coated on
the entire surface on the mat, which has been kept inside the
mold. At this stage the woven kenaf fibre mat measures the
same dimensions of 300 x 300 mm and 0.7 mm in thickness;
it is kept at 0° orientation as a second layer inside the mold.
Then epoxy resin is applied and fills over the entire surface
of the fibre mat. In similar way alternate fibre mats of alovera
and kenaf are placed in between each resin coatings. The pro-
cess is repeated until a thickness of 3.2 mm is obtained in the
laminates. Nearly four layers have been used in preparing the
laminates. The air space generated among the layers during
fabrication is detached out by using the rollers. Then the
composite laminate is squeezed together for a setting period
of 24 h. Thus the AK hybrid composite laminate prepared by
the hand layup technique is presented in figure 2a. Similarly
SK hybrid composite laminate is prepared by the same pro-
cedure adapted for the preparation of AK hybrid composite.
Here, woven sisal and kenaf fibres with the same dimensions
mentioned above are kept as alternate layers in preparing the
composite until the desired thickness of 3.2 mm is obtained.
The fabricated sisal and kenaf hybrid composite laminate is
presented in figure 2b. Likewise, the ASK hybrid compos-
ite is also fabricated by the same methodology followed with
respect to same measurements by the above-mentioned pro-
cedure. Here woven alovera fibre is kept as a first layer and
woven sisal fibre as a second layer. The remaining two layers
are reinforced by woven kenaf fibre. The prepared alovera,
sisal and kenaf hybrid composite laminate is presented in
figure 2c. The three hybrid composite laminates AK, SK and
ASK experimented in this study are prepared in a uniform
manner to determine their mechanical properties as well as
surface morphology after testing.

2.3 Specimen preparation

From the prepared AK, SK and ASK woven composite lam-
inates, the dimensions are marked with the help of the tem-
plate made according to ASTM D638 standard for tensile
testing, ASTM standard D790 for flexural testing and ASTM
D256 customary for impact testing [20-25]. Using a saw cut-
ter five specimens in all the three hybrid composite lami-
nates are prepared. The edge of the specimen is smoothened
using a file and emery sheet to get a smooth surface; also the
extruded fibres on the cut area is removed. This is done to get
a fracture exactly at the middle of the specimen while doing
tensile test. The prepared specimens from the AK, SK and
ASK hybrid composite laminates that undergo mechanical
testing are shown in figure 3.

2.4 Mechanical properties

Performance and behaviour of any material are represented
by its mechanical phenomenon, such as tensile, flexural
and impact loadings. Here performance of the three hybrid
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composites AK, SK and ASK is investigated. This distinc-
tiveness is very essential to predict material capacity and
durability over various load settings. The mechanical proper-
ties of the hybrid composites vary based on the fibre form, its
orientation, the polymer used and also based on other exter-
nal factors such as sample preparation, internal and exter-
nal surface defects, testing temperature and nature of the
material.

The tensile test is executed on a UTM at a speed of 2.5 mm
min~'. The standard followed for tensile testing is ASTM
D638. Three different types of specimens were prepared
from woven alovera, sisal and kenaf hybrid composites. The
tensile test is done by clamping the specimen in the required
fixture of the machine and load is given, till the sample
breaks. The stress—strain graph generated from the machine
for all the three hybrid composites AK, SK and ASK is pre-
sented in figure 4a—c. The maximum tensile stress of 28.59
N mm~? is obtained for SK hybrid composite under a tensile
load of 1.66 kN. AK hybrid composite is also found to have
a closer value of 28.15 N mm—2.

The flexural experiment is done by means of the UTM
according to ASTM standard D790. Three different types of
samples were made ready as per the above standard from
woven alovera, sisal and kenaf hybrid composites. The flex-
ural test is done by clamping the specimen in the required
fixture of the machine and load is given. The deflection of
the specimen is measured under a compressive load until the
specimen breaks or cracks. The stress—strain graph generated
from the machine for all the three woven composites during
the test is presented in figure Sa—c.

For impact testing, the specimens were prepared from
woven alovera, sisal and kenaf hybrid composites. An
impact test is a test for determining the energy absorbed in

Table 1. Mechanical properties of tested composites.
Tensile load Flexural load Impact load
Samples (kN) (kN) ()]
AK hybrid composite 1.35 0.10 6
SK hybrid composite 1.66 0.06 6.1
ASK hybrid composite 1.46 0.09 6.2
Tensile load
29
z | 1.66
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I
E 14
a
E
s
v |
AK SK ASK
Hybrid composites

Figure 6. Tensile load comparison of hybrid composites.
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fracturing a test piece at high velocity. The impact power
of the composite samples is examined with an Izod impact
tester. The specimens are prepared according to the ASTM
D256 standard.

3. Results and discussion

Natural fibres are making a dynamic impact at present in
this modern era and they reduce the environment pollu-
tion. They are superior alternatives to glass fibres in com-
posites. The major reason for replacing the glass fibre with
that of natural fibres is that the production of natural fibres
has less environmental impact compared with the glass fibre
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Figure 7. Tensile strength comparison of hybrid composites.
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production. Jeyanthi and Janci Rani [19] discussed that, dur-
ing this decade natural fibres are acting as a strengthening
agent in polymer composites for varieties of applications
in automotive industries, structures and consumer goods.
This study is used to examine the mechanical properties
and its surface morphologies using SEM for natural woven
alovera, sisal and kenaf natural-fibre-reinforced epoxy hybrid
composites.

3.1 Mechanical properties

The tensile, flexural and impact test results for all the three
hybrid composite samples and their summative values are
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presented in table 1. The tensile strength for the hybrid com-
posites tested depends on the bonding among the fibres and
the matrix. Investigation reveals that the interface between
fibre and matrix has significant effect on mechanical proper-
ties. The comparative tensile load of the woven hybrid com-
posite samples of AK, SK and ASK is presented in figure 6.
The outcome indicates that the upper limit tensile load of
1.66 kN is observed for SK hybrid composite compared with
the AK and ASK hybrid composites. The comparative ulti-
mate tensile strength of the three experimented hybrid com-
posite samples tested is presented in figure 7. The maximum
stress before fracture, under applied and varying load, in
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tension is known to be the ultimate tensile strength. The out-
come shows that the highest ultimate tensile strength of 24.27
MPa is found for the ASK hybrid composite, compared with
the AK and SK hybrid composites. Comparison of tensile
stress with respect to the strain for the three experimented
hybrid composite samples is given in figure 8. The litera-
tures indicated that the tensile properties are enhanced due to
hybridization of fibres.

The outcome indicated that the SK hybrid composite gives
higher stress of 28.59 N mm~2, and the AK hybrid compos-
ite also shows more or less nearly equivalent higher stress
of 28.15 N mm~2. From the present investigation for tensile
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Figure 13. SEM image of (a) AK, (b) SK and (¢) ASK hybrid composites that underwent

tensile test at magnification factor 100x.
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properties of AK, SK and ASK hybrid composite carried
out the SK hybrid composite shows good tensile property.
Venkateshwaran et al [7] predicted the tensile characteristics
of natural hybrid composites for banana and sisal with ran-
dom oriented fibres. Hence in this investigation woven form
of fibre is considered, so tensile strength values are found to
be increased. Also, Thiruchitrambalam et al [12] examined
the improvement of tensile characteristics of woven banana
and kenaf hybrid polyester composite due to sodium lauryl
sulphate treatment of fibres. In this investigation epoxy resin
is used and fibres are untreated, so the tensile strength val-
ues are found to be less. Therefore in this investigation it is
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found that the tensile strength values can be improved if the
fibres are treated before preparing composites. The flexural
characteristics of the AK, AS and ASK hybrid natural com-
posite samples tested in the UTM with three-point bending
fixtures and their relative results for flexural load is given in
figure 9. It is observed that the flexural load withstand-
ing ability of AK hybrid composite is superior to the other
two AS and ASK hybrid composite. Comparative ultimate
flexural strength of all the three woven natural fibre hybrid
composite samples tested is given in figure 10. The out-
put shows that the highest ultimate flexural strength of 1.59
MPa is observed for AK hybrid composite compared with

[
Tierss 05 Bl 1

Figure 14. SEM image of (a) AK, (b) SK and (¢) ASK hybrid composites that underwent

flexural test at magnification factor 100x.
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the AS and ASK hybrid composites. The flexural stress with
respect to the strain for the three natural hybrid composite
samples is given in figure 11. The outcome pointed out that
the AK hybrid composite withstands higher flexural stress
under three-point-loading. Ramesh et al [11] discussed that
between sisal hybridized with glass and jute hybridized with
glass fibre, jute/glass shows better flexural properties. Here
in this investigation it is observed that the AK hybrid shows
very good flexural load and strength. The impact strength
of the AK, AS and ASK natural hybrid composite sam-
ples are tested by the Izod impact tester and the compar-
ative results are presented in figure 12. The ASK hybrid
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composite is found to have the highest impact energy of 6.2
J. From the mechanical testing carried out the SK hybrid
composite shows good tensile properties. The AK hybrid
composite shows better flexural properties. Finally the ASK
hybrid composite is observed to have good impact strength.
From a review of literature other authors have tried a mix-
ture of natural fibres with synthetic fibres and found that it
has good ultimate tensile strength. However, in this investi-
gation, the biodegradable material, only natural fibres alone
are considered for preparing the hybrid composites. A new
natural fibre alovera is experimented and found to have good
flexural property due to hybridization.
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3.2 Scanning electron microscopy

SEM is used to examine microscopic detail of specimens
that have initially been viewed in an optical microscope
but subsequently found to require SEM examination in order
to provide information not available from the optical micro-
scope. The SEM pictures were taken from a Carl Zeiss
SUPRA 55 FESEM that has a resolution of 0.8 nm and the
enlargement factor varies from 100x to 1000kx. Sample
specimens prepared from the tested samples of tensile, flex-
ural and impact AK, SK and ASK hybrid composites from
which the SEM images have been taken are presented in
figures 13—15. It is clearly seen from the SEM images that
the surface failure is mainly due to the fibre and its fracture,
fibre pullout, debonding and matrix fracture as well as dis-
location of fibres. The poor bonding of fibre in matrix and
many voids present in the composite lead to premature sur-
face failure in the mechanical testings carried out. Humid-
ity aging is also the main cause of failure because of the
matrix exposed to atmosphere. Other factors such as matrix
plasticization and embrittlement are found to be clear and
good, in some regions where uniform pressure is maintained
in rollers prepared the composite. It also affects the mechan-
ical properties and dimensional stability. The SEM images
of AK, SK and ASK tensile fractured specimens are shown
in figure 13a—c. The SEM images show improper adhesion
between the fibres and resin in the fractured samples. This is
due to the many number of voids present inside the matrix
and the formation of cavities. Hence the samples fail in frac-
ture well in advance. The ductile type of fracture is observed
and the fracture is caused due to the presence of microscopic
defects such as voids and cracks in the matrix, which degrade
the tensile strength of the composites. Based on the study of
the surface morphology through SEM it can be said that the
hand layup technique carried out without voids will improve
the tensile properties. In figure 14a—c, flexural fractured spec-
imen SEM images are shown. Fibre pullouts are noted and
ductile fracture takes place where there is a weak interface
between the matrix and fibre. Matrix crack is also observed
and this is due to improper mixing of the resin with the hard-
ener during the layup process. These factors are observed
during surface studies on flexural fractured specimens and
are the causes for deterioration of flexural strength in the
composites. The SEM images of AK, AS and ASK of impact
samples are presented in figure 15a—c. The shear and cleav-
age mode of fracture is observed and varying the proportion
of matrix and fibre may upgrade the impact strength of the
composites. Adhesion at the interface between the matrix and
fibre plays a main role in shaping the mechanical character-
istics of the composites. The surface morphology indicates
that the formation of voids and cavities in all the samples
is responsible for reduction in tensile, flexural and impact
strength of these hybrid composites. Hence in this investiga-
tion woven fibre mats are used in preparing the composites;
uniform distribution of resin around the fibres and air lock
are the major causes as observed in micrographs.
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4. Conclusion

The natural fibre slowly replaces the synthetic fibres from
its environmental impact, marching towards a new era in
engineering materials. In this study the tensile, flexural and
impact strength behaviour of natural hybrid composites AK,
SK and ASK is studied. SEM analysis has also been carried
out for the tested specimens. Based on the outcome obtained
during the investigation the conclusions are as follows:

(1) A new natural fibre alovera in woven form is experi-
mented with hybridization of sisal and kenaf fibres.

(2) The results indicated that sisal-kenaf combination
gives good tensile properties by giving tensile stress of
28.59 N mm~2 and 1.66 kN of tensile load.

(3) The AK hybrid composite shows better flexural prop-
erties by withstanding a maximum of 0.1 kN and it can
be utilized for structural applications.

(4) Good impact strength is observed for the ASK hybrid
composite because of the integration of three different
fibres in the composite.

(5) SEM micrographs are used for analysing the surface of
all-hybrid composites used and they indicate the frac-
tured surfaces and also show the internal defects such
as voids, micro-cracks, etc.

Here mainly new alovera fibre is used and it is well known
for its medicinal values. Due to the forecast of the future
demands for an environment friendly material, more and
more deeper and crucial investigations are required in this
area of natural fibre composites for product commercializa-
tion. Affordable manufacturing sectors and processes have to
be developed in large scale.
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