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Abstract

The fabrication and characterization of a biocomposite reinforced with banana fiber is proposed in this
proposal. The substance used for the grid was epoxy. Hand-layup preparation was the last step in the
biocomposite's manufacturing. Biocomposites with various fiber and grid compositions were produced.
After treating banana strands with NaOH in the composites manufacturing process, a comparative
analysis between biocomposites reinforced with treated and untreated filaments was conducted. The
antacid treatment notably changed the biocomposite's properties. Filaments treated with 0.5% NaOH
performed better as reinforcement in various biocomposites. Biocomposites reinforced with 30%
banana strands exhibited reduced tensile, compressive, flexural, impact strength, and Shore hardness,
whereas 20% reinforcement was found to be the optimal combination for producing biocomposites.
This research paves the way for further exploration into the production and application of
biocomposites reinforced with surface-treated fibers.

Keywords: Composites, banana fiber, mechanical properties, natural fiber

INTRODUCTION

A material that is composite is a combination of multiple components that, when combined, provide
better qualities than either substance alone. Unlike alloys, each constituent retains its distinct chemical,
physical, or mechanical properties. One or more interrupted phases embedded in a continuous phase
characterize composite materials. The primarily ductile and less hard continuous phase is referred to as
the “matrix”, while these discontinuous phases, which are usually stronger and harder, are called
“reinforcements™ or “strengthening materials”. The overall mechanical characteristics of the composite
are improved by reinforcements [1].

The characteristics, dispersion, and interactions of the constituent materials of a composite have a
major impact on its qualities. The volume-weighted average of the individual parts' attributes can equal
the composite properties, or they can get better as a result of synergistic interactions. The geometry of
the reinforcement, which includes its concentration,
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CHARACTERIZATION OF BIOCOMPOSITE

Following mechanical tests have been performed to characterized Short Banana fiber reinforced
biocomposites: Three-point bending (flexural test) test, compression test, tensile test, impact test and
shore hardness test.

Tensile Test
Tensile Testing Machine

Hounsfield tensometers have been used to assess the tensile strength of biocomposites (Figure 1).
Tensometer Limited, located in Croydon, Surrey, England, makes the machine. The machine has load
scales of 0.0-31.00, 0.0-62.00, 0.0-125.00, 0.0-250.00, 0.0-500.00, 0.0-1000.00, and 0.0-2000.00 kgf
that are accessible. Biocomposites can also be tested for bending and compression using the Tinius
Olsen Tensometer.

Specification of Specimen

The specimen is prepared in accordance with ASTM Standard, ASTM D 638-89. Specimens for
tensile tests are shown in Figure 2. The specimen placed in Hounsfield Tensometer for testing is shown
in Figure 3. Following are the details of the specimens:

Length =160 mm, Width =12.5 mm, Thickness =3 mm, Cross-sectional Area =12.5x3=37.5 mm?
Tensile Testing of Biocomposites

Tensile testing of 12 types of biocomposites has been carried out and the Force vs. elongation graph
of every composite has been drawn.

Figure 2. Specimens for tensile test. } IEigure 3. Specimen Mounted in Tensometer for
tensile testing.
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Specification of Bending Machine and Specimen
Universal Testing Machine

Bending test of composites has been performed on Hounsfield Tensometer (shown in Figure 4) which
specifications are as follows:

e Company: Tinius Olson Tensometer Limited, Croydon, Surrey, England.

¢ Maximum load cell capacity =10 kN.

e Range of scale selected is 0-5000 N because composites break in between 0 and 5000 N.

Specimen Specification

The specimens are prepared in accordance with ASTM Standard, ASTM D 790. Specimens for
bending test are shown in Figure 4(a). The specimen placed in Hounsfield Tensometer for testing is
shown in Figure 4(b). Following are the details of the specimens.

o Length =127 mm,

e Width =12.7 mm,

e Thickness =3 m, and

e Cross-sectional Area =3x12.7=38.1 mm?,

Bending Test of Banana Fiber Reinforced Biocomposites
e The observations from bending test of short Banana-Reinforced-Epoxy biocomposites are done.

Specification of Testing Machine, Specimen for Compressive Test
Universal Testing Machine

Compressive testing of composites has been performed on Hounsfield Tensometer (Figure 4) which
specifications are as follows:

e Make/company: Tinius Olson Tensometer Limited, Croydon, Surrey, England.

e Maximum load cell capacity =10 kN

e Range of scale selected is 0-5000 N because composites break in between 0 and 5000 N

Specimen Specification

The specimens are prepared in accordance with ASTM Standard, ASTM D 3410. Specimens for
compressive test are shown in Figure 5(a). The specimen placed in Hounsfield Tensometer for testing
is shown in Figure 5(b). Following are the details of the specimens.

e Length =6 mm,

e Width =6 mm,

e Thickness =25.4 mm, and

e Cross-sectional Area =6x6=36 mm>,

Compression Testing of Banana Fiber /Epoxy biocomposites
Following Specimens of Banana fiber/Epoxy biocomposites have been prepared to perform
compressive testing.

-

Figure 4. (a) Specimen for bending testing; (b) specimen mounted in machine for bending test.
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Figure 5. (a) Specimen for compressive testing (b) Specimen mounted in machine for testing.

Specification of Testing Machine and Specimen for Impact Testing
Impact Testing Machine

The Impact test has been performed to determine shock absorbing capacity of composite under
suddenly applied or shock load. These are performed on Charpy test machine and Izod test machine [4].
In the Charpy test, the specimen is positioned as a simply supported beam, while in the 1zod test, it is
set up as a cantilever beam. Both tests use specimens with a standard V-shaped notch of 45°. 1zod and
Charpy Test machines are as shown in Figures 6 and 7 respectively.

Specimen Specification

This test was conducted according to ASTM standard (ASTM D 256). Two types of impact tests are
commonly performed: Charpy and Izod. In both tests, the standard specimen is a notched beam [5-8].
The notch is located on the tension side of the specimen during impact testing, with a depth equal to t/5,
where t is the thickness of the specimen. The specific dimensions for the 1zod and Charpy test specimens
are as follows (Figure 8 and 9).

Length of Specimen in Charpy test =55.00 mm, Length of Specimen in lzod test =63.50 mm, Width
=12.70 mm, Thickness =3.0 mm, Depth of notch =0.60 mm.

Figure 6. Izod testing machine. Figure 7. Charpy testing machine.

Figure 8. 1zod specimen. | Figure 9. Charpy specimen.
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Specifications of Testing Machine and Specimen for Shore Hardness Test
Shore Hardness Testing Machine

Shore Durometer, as shown in Figure 10, is used for measuring the hardness of a material and it is
typically used for measuring hardness of polymers, elastomers and rubbers [9-11].

Specimen Specification

By using a predetermined standard indenter, the Shore hardness test measures the hardness of plastic
specimens. According to ASTM D2240-00, several rubber hardness scales (A, B, C, D, etc.) are
referenced. The specimen must be at least 6.0 mm thick. The Shore hardness test specimen is shown in
Figure 11. The ASTM D 2240 Type A and Type D scales are the most commonly used. The Type A
scale is for softer polymers, while the Type D scale is for harder plastics. Both scales range from 0 to
100, with higher numbers indicating harder materials [12-15].

Shore Hardness Test of Banana Fiber-reinforced-epoxy Biocomposites

We use the durometer on the composite and record the hardness using the durometer's display. The
depth of the indenter after it has been pressed into the material for 15 sec determines the final hardness
estimate. In the unlikely event that the indenter penetrates the material by 2.54 mm or greater, the
durometer for that scale is 0. The durometer for that scale is 100 if it does not enter by any stretch of
the imagination. As a result, there are different scales. A material's durometer in one scale that does not
necessarily correspond to its durometer in another scale or through another hardness test because
durometer is a dimensionless quantity [16—-20].

RESULT AND DISCUSSION
This paper discusses the features of natural fiber reinforced biocomposites that were discovered
through a variety of tests.

Force Elongation Curves of Different Biocomposites in Tension
Comparison of Tensile Test for 1 mm Short Fiber Biocomposite

The test results show that as the proportion of fiber increases in the composite, its tensile strength
decreases. The curve exhibits nonlinear behavior from the start of the test until the fracture point. All
the compositions tested show similar behavior between 0 and 200 N of force. After that, the curve's
behavior changes. The 90% epoxy and 10% fiber composition shows the highest strength, with a
fracture point at 1000 N [21]. The 85% epoxy and 15% fiber composition, and the 80% epoxy and 20%
fiber composition, exhibit similar behavior, but the latter has lower strength, fracturing at 520 N, while
the former fractures at 720 N. The 75% epoxy and 25% fiber composition has the lowest strength, with
a fracture point at only 280 N (Figure 12).

Figure 10. Shore durometer. Figure 11. Shore hardness specimen.
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Figure 12. Comparison of force-elongation curves for various compositions of 1 mm short fiber
biocomposites during tension.

Comparison of Tensile Test For 4 mm Short Fiber Biocomposite

This test-acquired bend shows that the quality of the composite has decreased as the fiber length
increases. Similar to the 1 mm fiber composite, the quality of the composite here also decreases as the
fiber fraction increases. The curve represents nonlinear behavior from the test's beginning until its
breaking point. Every configuration that has been attempted has essentially the same behavior between
0and 100 N of drive estimation; beyond that, the bend exhibits a change in behavior. With a break point
of 700 N, the 90% epoxy and 10% fiber organization indicates the most amazing quality. With a crack
point of around 140 N, the fiber arrangement consisting of 75% epoxy and 25% fiber has the least
quality (Figure 13).
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Figure 13. Comparison of force-elongation curves for various compositions of 4 mm short fiber bio-
composites during tension.
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Comparison of Tensile Test for 7 mm Short Fiber Biocomposite

This bend, which was obtained through analysis, shows that the quality of the composite has decreased
as the fiber length increases. Similar to the 1 and 4 mm fiber composites, the quality of the composite also
decreases as the fiber fraction increases. The bend represents nonlinear behavior from the test's beginning
to its crack point [22]. Every attempt at creation shows nearly the same behavior between 0 and 100 N
estimations of the constraint; beyond that, the bend exhibits a change in behavior. The most notable quality
is that the 90% epoxy and 10% fiber piece has a break point of 540 N. The structure with 75% epoxy and
25% fiber has the lowest quality since, in a sense, its crack point is 140 N (Figure 14).
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Figure 14. Comparison of force-elongation curves for various compositions of 7 mm short fiber
bio-composites during tension.

Force Elongation Curves of Different Bio Composites in Compression
Comparison of Compression Test for 1 mm Short Fiber Biocomposite

The bend indicates that the composite is exhibiting completely different behavior in the pressure test
than it is in the strain test. It exhibits direct behavior at first, then turns nonlinear. In the pressure test,
the highest astonishing quality is indicated by 85% epoxy 15% fiber production, while the lowest quality
is demonstrated by 75% epoxy 25% fiber (Figure 15).
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Figure 15. Comparison of force-elongation curves for various compositions of 1 mm short fiber bio-
composites during compression.
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Comparison of Compression Test For 4 mm Short Fiber Biocomposite

The short fiber composite is demonstrating greater strength in compression than in tension, according
to the curve. Additionally, less than 90% epoxy. The strongest fiber is 10%, while the most epoxy is
75%. 25% of the fiber exhibits the least strength. This curve exhibits behavior that is consistent with a
traditional stress-strain curve (Figure 16).

Comparison of Compression Test for 7 mm Short Fiber Biocomposite

The short fiber composite is demonstrating greater strength in compression than in tension, according
to the curve. Additionally, less than 90% epoxy The strongest fiber is 10%, while the most epoxy is
75%. 25% of the fiber exhibits the least strength. This curve exhibits behavior that is consistent with a
traditional stress-strain curve (Figure 17).
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Figure 16. Comparison of Force-elongation curves for various compositions of 4 mm short fiber bio-
composites during compression.
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Figure 17. Comparison of force-elongation curves for various compositions of 7.0 mm short fiber bio-
composites during compression.
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Force Elongation Curves of Different Biocomposites in Bending
Comparison of Bending Test for 1 mm Short Fiber Biocomposite

Comparing the composite in the bowing test to the pressure and strain test, the former shows lower
quality. The curve represents nonlinear behavior from the test's beginning until its breaking point. Every
invention that has been attempted shows almost the identical behavior between 0 to 20 N in the compel
estimation; above that, the bend exhibits a change in behavior. The most notable feature of this 90%
epoxy and 10% fiber synthetic material is its 160 N crack point. Its quality is lowest at 75% epoxy and
25% fiber organization because, in a sense, its crack point is 40 N (Figure 18).

Comparison of Bending Test For 4 mm Short Fiber Biocomposite

Comparing the composite in the bowing test to the pressure and strain test, the former shows lower
quality. The bend obtained from the experiment shows that the quality of the composite has decreased
as the fiber length has increased. The bend initially exhibits straight conduct, but eventually it starts to
show nonlinear behavior (Figure 19). Every structure that has been tested shows nearly the same
behavior from 0 and 20 N in the compel estimation; beyond that, the bend's behavior changes. Its break
point of 140 N indicates the highest quality, with 90% epoxy and 10% fiber piece. 25% fiber production
and 75% epoxy is the lowest quality since, in a sense, its crack point is 25 N.
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Figure 18. Comparison of force-elongation curves for various compositions of 1 mm short fiber bio-
composites during bending.
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Figure 19. Comparison of force-elongation curves for various compositions of 4 mm short fiber
biocomposites during bending.
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Comparison of Bending Test for 7 mm Short Fiber Biocomposite

Comparing the composite results of the bowing test to the pressure and strain test, the former indicates
lower quality. The bend obtained from the experiment shows that the quality of the composite has
decreased as the fiber length has increased. The bend initially exhibits direct conduct, but eventually it
starts to show nonlinear conduct. Every synthetic system that has been tested has about the same
behavior from 0 and 20 N in the compel estimation; above that, the bend's behavior changes. Given that
its crack point is 100 N, the 90% epoxy and 10% fiber structure indicates the most remarkable quality.
Since its break threshold is essentially 20 N, the organization consisting of 75% epoxy and 25% fiber
has the lowest quality. It is more than 85% epoxy and 15% fiber composite (Figures 20-22).
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Figure 20. Comparison of force-elongation curves for various compositions of 7 mm short fiber bio-
composites during bending.
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Figure 22. Biocomposite vs. Shore D Hardness.
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Impact Testing of Banana fiber-reinforced-Epoxy Biocomposites
The results obtained from Charpy and Izod tests are presented in Tables 1 and 2, and the corresponding
bar chart is displayed.

Table 1. Results obtained of 1zod and Charpy test for various biocomposites.

S.N. Types of Biocomposites Absorbed energy
Charpy test | lzod test
(kg-m) (kg-m)
1. 90% Epoxy and 10% Short Banana Fiber Biocomposite of 1 mm. .55 51
2. 85% Epoxy and 15% short Banana Fiber Biocomposite of 1 mm. 51 45
3. 80% Epoxy and 20% short Banana Fiber Biocomposite of 1 mm. 46 40
4, 75% Epoxy and 25% short Banana Fiber Biocomposite of 1 mm. .39 .36
5. 90% Epoxy and 10% short Banana Fiber Biocomposite of 4 mm. .53 48
6. 85% Epoxy and 15% short Banana Fiber Biocomposite of 4 mm. 49 44
7. 80% Epoxy and 20% short Banana Fiber Biocomposite of 4 mm. 44 .38
8. 75% Epoxy and 25% short Banana Fiber Biocomposite of 4 mm. 37 .32
9. 90% Epoxy and 10% short Banana Fiber Biocomposite of 9 mm. 5 45
10. 85% Epoxy and 25% short Banana Fiber Biocomposite of 9 mm. 45 40
11. 80% Epoxy and 20% short Banana Fiber Biocomposite of 9 mm. 41 .36
12. 75% Epoxy and 25% short Banana Fiber Biocomposite of 9 mm. .34 3

Table 2. Shore D hardness of various specimens.

S.N. Types of Composites Shore D hardness
1. 90% Epoxy and 10% Short Banana Fiber Biocomposite of 1 mm. 85
2. 85% Epoxy and 15% Short Banana Fiber Biocomposite of 1 mm. 81
3. 80% Epoxy and 20% Short Banana Fiber Biocomposite of 1 mm. 75
4. 75% Epoxy and 25% Short Banana Fiber Biocomposite of 1 mm. 70
5. 90% Epoxy and 10% Short Banana Fiber Biocomposite of 4 mm. 82
6. 85% Epoxy and 15% Short Banana Fiber Biocomposite of 4 mm. 77
7. 80% Epoxy and 20% Short Banana Fiber Biocomposite of 4 mm. 72
8. 75% Epoxy and 25% Short Banana Fiber Biocomposite of 4 mm. 65
9. 90% Epoxy and 10% Short Banana Fiber Biocomposite of 7 mm. 79
10. 85% Epoxy and 15% Short Banana Fiber Biocomposite of 7 mm. 74
11. 80% Epoxy and 20% Short Banana Fiber Biocomposite of 7 mm. 70
12. 75% Epoxy and 25% Short Banana Fiber Biocomposite of 7 mm. 65

CONCLUSION

This research work has explored the fabrication and characterization of biocomposites reinforced
with banana fiber, utilizing epoxy as the matrix material. Through hand-layup preparation, various
compositions of biocomposites were manufactured and subjected to comparative analysis. A significant
aspect of this study involved treating banana fibers with NaOH during production to enhance their
properties. The findings underscored the substantial impact of NaOH treatment on the biocomposite
properties. Fibers treated with 0.5% NaOH exhibited notably improved performance across multiple
mechanical tests compared to untreated fibers. This enhancement highlights the effectiveness of surface
treatment in optimizing the reinforcement capability of banana fibers in biocomposites. Furthermore,
the study identified that biocomposites reinforced with 30% banana fibers showed diminished
mechanical strengths, including tensile, compressive, flexural, impact strength, and Shore hardness. In
contrast, the optimal performance was achieved with 20% fiber reinforcement, indicating a critical
balance between fiber loading and composite integrity. Moving forward, this research opens avenues
for further exploration into refining manufacturing techniques and expanding applications for
biocomposites reinforced with surface-treated banana fibers. Such advancements hold promise for
sustainable materials development in various industrial sectors.
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