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Abstract: Use of eco-friendly composites has recently gained importance due to their light
weight, and moderate strength. The favourable environmental impact of synthetic fibers
has forced many researchers to look for alternative materials. In this paper, we have
studied the effect of chemical treatment on mechanical properties of randomly mixed
hybrid fiber composites for varying fiber percentage weight (wt %). The fibers of banana
and kenaf were treated with 2.0% of sodium hydroxide (NaOH) solution for 3 hrs and
composites are prepared with different fiber wt% ratio keeping the overall ratio of fibers
as equal. Composites made with treated fibers exhibited superior mechanical properties
i.e., tensile strength, flexural strength and impact strength. After treatment, the tensile
strength, flexural strength and impact strength were increased to 36.4 MPa, 25.2 MPa and
0.6 kJ/m2, respectively due to the removal of impurities from the fiber surface. The
fractured surfaces of composites were investigated using scanning electron microscopy.
Keywords: Polymer-matrix composites, natural fibers, alkali treatment, mechanical
properties.

1.

Introduction
Disposal of plastics is a major environmental concern today. One of the methods to
reduce the amount of synthetic plastics is to add natural material into plastic. The
advantages of polymer composites reinforced with natural fibers, besides being
environmental friendly and biodegradable are low cost, less tool wear during processing,
and low density. Fiber-Reinforced Plastics (FRP) have been increasingly used over the
past few decades in a variety of structures that require high ratio of stiffness and strength
to weight. These composites show high mechanical and thermal properties, due to which
they are widely used for various applications ranging from aerospace to sports. Thus, in
order to overcome disposal problem of glass fiber reinforced composite, environmentally
friendly composites are today keenly required by utilizing natural fibers as reinforcements
combined with biodegradable polymer as matrices. The fiber derived from the outer
fibrous bark is also known as bast fiber. Kenaf fiber could be utilized as reinforcement
material for polymeric composites as an alternative to glass fiber. Recently an increasing
use of composites reinforced with natural fibers [1, 2] has occurred, owing the following
advantages: they are strong enough, light in weight, abundant, non-abrasive and cheap .A
fiber content of both 30% and 40% by weight has been proven to provide an adequate
reinforcement to increase the strength of the polypropylene powder. The use of a 3%
Epolene as a coupling agent enabled successful fiber–matrix adhesion [3]. Sapuan [4]
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studied the flexural (three-point bending) tests. Three samples prepared from woven
banana Fiber composites of different geometries were used in their research. The banana
fiber-reinforced polyester composites were prepared using hand molding method or hand
lay-up method. The effects of fiber content of banana fibers on mechanical properties such
as tensile, flexural and impact of the composites were investigated and reported. Kenaf
fibers have excellent mechanical properties and have potential to be outstanding
reinforcing fillers in plastics. The vegetable fibers are renewable and biodegradable and
are available throughout the world and they possess economical feasibility [5, 6].
Zampaloni et.al [7] reviewed the fabrication of kenaf fiber reinforced polypropylene
sheets that could be thermoformed for a wide variety of applications with properties that
are comparable to existing synthetic composites. Kenaf (Hibiscus cannabinus L.) is a
warm season annual fiber crop closely related to cotton and jute. Historically, Kenaf has
been used as a cordage crop to produce twine, rope and sackcloth; nowadays they are used
for various applications including paper products, building materials, absorbents and
animal feeds. Manufacturing high performance engineering materials from renewable
resources is one ambitious goal currently being pursued by researchers across the world.
The chemical modification of kenaf fibers was carried out by A.M. Mohd Edeerozey
[8]. Different concentrations of NaOH were used and the morphological changes were
examined by SEM. Natural fiber reinforced polyester composites have been evaluated for
strength, performance and cost and have proved to be a competitor for glass
fiber/polyester composites. Shinji Ochi [9] investigated the influence of mechanical
properties of the unsaturated polyester based composites reinforced using banana/kenaf.
Geethamma [10] reviewed chemical modification of short coir fiber composites.
Munikenche [11] studied various chemical treatments have been used to improve the
mechanical performance of the natural fiber including jute [11].

2.

Experimental Procedure

2.1 Materials
Unsaturated polyester is used as matrix for the current investigation, whose properties
are given in table 1. Unsaturated polyester is extremely versatile and has been a popular
thermoset used in polymer matrix composites. The matrix was mixed with curing catalyst
at a concentration of 0.01 w/w of the matrix for curing. Both banana and kenaf were
treated with 2.0% with NaOH.
Table 1: Properties of Polyester used
S.No.
1.
2.
3.
4.
5.

Properties
Appearance
Specific gravity
Viscosity
Tensile Strength
Tensile Modulus

Value
Colourless to pale yellow liquid
1.12±0.01
450±50
22
0.940

Unit
g/cm3
Cp
MPa
GPa

2.2 Preparation of Composites
Fibers of different compositions i.e., 20, 30, 40, 50 and 60 % wt are made by mixing
both fibers equally in the matrix of the unsaturated polyester, which always give a total
weight of 100%. For a proper chemical reaction, cobalt naphthenate and methyl ethyl
ketone were used as catalyst and accelerator respectively. The mould made of acrylic
sheets of 300 mm x 300 mm x3 mm dimensions was used to prepare the composites.
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2.3 Material Characterization
Tensile test and flexure test were conducted in 1,000 Tonne computer controlled
universal testing machine according to the guidelines of ASTM D638 and ASTM D790
standards respectively. The impact test was conducted according to ISO 180. Six
specimens were tested to determine each of the following: tensile strength, impact
strength and flexural strength.
3. Results and Discussions
The effects of fiber contents and alkali treatment on mechanical properties of banana
and kenaf fiber composite are shown in Figures 1-3. Figure 1 shows the result of tensile
strength of the hybrid composite for varying fiber content. It is identified that the tensile
strength of the composites increases with increase in fiber content. Also from figure 1, we
can conclude that the tensile strength increase on alkali treatment. It is due to removal of
impurities from the surface of fiber and also it decreases the lignin percentage in fiber,
which in turn increases the interfacial adhesion between the fiber and matrix.
Table 2: Comparison of Tensile Strength of Treated and Untreated Fibers.
S. No.
1.
2.
3.
4.
5.

Weight % of
Fiber
20
30
40
50
60

Tensile Strength, MPa
Untreated
Treated
21.6
23.7
25.4
28.3
27.7
31.8
31.9
36.4
29.5
31.6

Percentage
Increase
9%
11.4%
14.8%
14.1
5.3%

From Table 2, we can conclude that maximum percentage increase in tensile strength
was found when the fiber wt% is 50. Thereafter further addition of fiber will not result in
decrease in the tensile strength for 60% weight percentage.
Tensile Strength vs Fiber Content
40
Tensile Strength MPa

35
30
Untreated Composite

25
20

Treated with 2.0%
NaOH

15
10
5
0
20

30

40

50

60

Fiber Weight %

Figure 1: Tensile Strength vs. Fiber Content

Impact strength, is the capability of the material in withstanding the suddenly applied
loads in terms of energy. Often measured with the Izod impact strength test or Charpy
impact test, both of which measure the impact energy required to fracture a sample.
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Table 3: Comparison of Impact Strength of Treated and Untreated Fibers.
Weight % of
Fiber
20
30
40
50
60

Impact Strength kJ/m2
Untreated
0.45
0.5
0.45
0.4
0.4

Treated
0.46
0.62
0.48
0.42
0.43

Impact strength of Banana/Kenaf fiber Hybrid
composite.

Impact Strength kJ/m2

0.7
0.6
0.5

Untreated Composite

0.4
Treated with 2.0%
NaOH

0.3
0.2
0.1
0
20

30

40

50

60

Fiber Weight %

Figure 2: Impact strength of Banana/Kenaf Fiber Hybrid Composite.

Figure 2 shows the effect of fiber content on the impact strength of hybrid composite.
It is identified from the results that the impact strength of the composites showed higher
strength at 30%wt of fiber content. The impact strength of the composites at untreated
condition having 20wt% was 0.45 kJ/m2 whereas 0.47 kJ/m2 at treated condition.
Similarly the impact strength of untreated and treated at various wt % ( 30, 40, 50 and 60)
are 0.5 kJ/m2 and 0.62 kJ/m2,0.45 kJ/m2 and 0.48 kJ/m2 , 0.4 kJ/m2 and 0.42 kJ/m2, 0.4
kJ/m2 and 0.43 kJ/m2 , respectively.
The impact strength was found to be high for the composite having 30wt% fiber
content as the fiber content increased beyond 30 wt% the impact strength values
decreased for both treated and untreated fibers. It is clear that the scatter on the
measured values of the impact strength of the composites is quite large and therefore it is
difficult to draw conclusions. The composites showed high impact strengths with the
exception of 30 wt% fibers content (0.62 kJ/ m2). The flexural strength of a material is
defined as its ability to resist deformation during bending. For materials that deform
significantly but do not break, the load at yield, typically measured at 5%
deformation/strain of the outer surface, is reported as the flexural strength or flexural yield
strength. The test beam is under compressive stress at the concave surface and tensile
stress at the convex surface.
Figure 3 shows the variation of flexural strength of banana/kenaf hybrid composites as
the variation in fiber weight percentage. 60% fiber content showed better performance
than other fiber content. Fiber content 20% showed poor performance leads to reduction
in flexural strength. This could be due to the restricted expansion of the fiber by the
surrounding matrix which in turn produced an inequilibrium condition between fibers.
The weak bonding strength between the fibers and showed negative performance on
applied load. The flexural strength of the composites at untreated condition having 20wt%
was 15.16 MPa whereas it was 17.63 MPa at treated condition. The percentage of
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improvement was found to be 14%. Similarly the flexural strength of untreated and treated
at various wt %( 30, 40, 50 and 60) are 16.03MPa and 18.12 MPa, 21.48 MPa and 23.45
MPa, and 24.4 MPa and 25.72 MPa respectively. Further addition on fiber results shows
decreasing trend.
Flexural strength of Hybrid Composite

Flexural Strength MPa
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15

Treated with 2.0% NaOH

10
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30

40

50
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Fiber Weight %

Figure 3: Flexural Strength of Hybrid Composites with Fiber weight % Variation.

Scanning Electron Microscope provides an excellent technique for examining the
fractured surface of the treated and untreated fiber composites. The SEM image shows the
surface irregularities. From the images it is identified that a good bonding strength was
created between the fiber and matrix but while applying load on the specimens they
started to fail. Clearly, the impurities were removed from the fiber surface of the
composites are as shown in Figure 4.
Table 4: Comparison of Flexural Strength of Treated and Untreated Fibers.
Weight %
of Fiber
20
30
40
50
60

Flexural Strength in MPa
Untreated
15.16
16.03
21.48
24.4
22.35

Treated
17.63
18.12
23.45
25.72
24.15

From Figure 8 and 9 the fibers pull out was observed from the fractured tensile test
specimen. Figure 5 shows the random arrangement of fibers in the matrix which would be
the reason for the failure of material after 30 wt% of fiber content in impact test.
4. Conclusions
The composite having 50% treated fibers exhibited the highest tensile strength i.e., 36.4
MPa, which is 14 % higher than that of composites reinforced with untreated fibers. The
composite having 50% treated fibers exhibited the highest flexural strength i.e., 25.72
MPa. Finally, it is revealed that banana/kenaf hybrid fiber reinforced polyester composites
results in a positive hybrid effect in tensile properties.
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