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Abstract

The aim of this study was to investigate the impact strength enhancement
potential of novel bamboo fiber (BF) in jute fiber (JF) reinforced polylactic acid
(PLA) composites. Composite materials were prepared using a hand lay-up tech-
nique with varying weight ratios of PLA, JF, and novel BF (80/10/10, 70/20/10,
60/30/10, 50/40/10, and 40/50/10 wt.%). The impact strength of the composite
materials was tested using a sample size of 20, with 10 samples in group 1 (PLA/
JF) and 10 samples in group 2 (PLA/novel BE/JF), a G-power of 0.8, alpha and
beta values of 0.05 and 0.2, and a 95% confidence interval (CI). Results showed
that the composite materials with higher loading of novel BF had higher impact
strength. The impact strength of the PLA/JF/novel BF composite material was
30.32 J/m, while that of PLA/JF was 23.70 J/m. The study concludes that nov-
el BF improves the impact strength of PLA/JF composite materials, which can
contribute to their reusability. This finding has implications for the development
of sustainable and durable composite materials for various industrial applications.
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Introduction

Using natural fibers in a biodegradable substrate is especially feasible since
the resulting synthetic material has greater tensile and flexural capabilities than
a biodegradable substrate. Biodegradable composites are more accessible and less
costly than composites reinforced with synthetic fibers [1]. Also, helps in sustain-
able consumption. The impact strength of each material varies. Foam and plastics,
for instance, have lower impact strengths than metals, which have higher impact
strengths [2]. Special concrete mixtures can now be made thanks to recent ad-
vancements in material technology, including polymer concrete for high durabil-
ity, fiber-reinforced concrete to prevent fractures, high- and ultra-high strength
concrete for applications in tall structures and bridges, lightweight concrete to
lower foundation loads, and high-performing concrete for specific performance
requirements. Customers are being advised more and more to buy products made
of natural fibers since they are among the environmentally friendly materials and
might be a decent replacement for synthetic fiber. Natural fibers are used as rein-
forcing agents more frequently because of their outstanding properties, like being
renewable, biodegradable, non-abrasive, affordable, and reuse having a reduced
density. Further, natural fibers are inexpensive and offer superior mechanical
qualities [3]. The necessary characteristics are also provided by reinforced poly-
mers. In terms of tensile and impact strength, kenaf-aramid hybrid composites
surpassed prior hybrid composites [4].
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Research has been conducted in recent years to enhance
the mechanical characteristics of PLA [2, 3]. Google Scholar
found 55 publications, while IEEE Xplore published 105 re-
search papers. According to Han et al. [5] adding more fiber
to natural fiber reinforced composites enhances their impact
strength to an optimal level, after which adding more fiber
causes the composite’s impact strength to drop. Biocomposite
materials, or renewable resources consisting of biopolymers
and natural fibers, were studied by [6]. Sapuan et al. [7] inves-
tigated substituting natural fiber for the other synthetic fiber
material as a reinforcing component in thermoplastic polymers.
Natural fibers like JF and flax fiber are favored over synthetic
fibers [8]. When these natural fibers are mixed, the properties
are enhanced. Limba et al. [9] assert that fibers that have been
alkali-treated will have better fiber-matrix interaction. This is
done so since one of the main drawbacks of natural fibers is
their high moisture content. These materials’ mechanical qual-
ities are much superior to those of the common plastics we use.
By substituting biofibers for synthetic and conventional fibers,
Alkateb et al. [4] found that the impact strength rose, reducing
the impact and perhaps enhancing the crashworthiness of the
car that can also be reused. The plain form of kenaf/novel BF
hybrid composites showed greater impact strength than the
twill variety [10].

By offering a thorough overview of prior studies that are
currently available and on pertinent topics, this article address-
es the research gap. In this work, PLA is reinforced with JF
and novel BEF, and composite materials are prepared by fol-
lowing hand lay-up technique. The purpose of this inquiry is
to comprehend the differences in strength attributes under
diverse process settings. The impact strength of the composite
was calculated using the study’s correlations. This work con-
tributes to sustainable consumption by recovering value from
the waste materials.

Materials and Method

'This study was carried out in the mechanical engineering
department’s Nano lab at the Saveetha College of Engineer-
ing (Chennai, Tamil Nadu, India). We bought granulated PLA
from Javanthee Enterprises (Chennai, Tamil Nadu, India). Its
density was 12.1 g/cm?®, and its melting point was 150 "C. At
around 180 °C, it first began to crystallize. The glass transition
temperature 55 °C of PLA is about. Reference values for the
reinforcement’s tensile qualities were selected from the liter-
ature after the tensile characteristics of PLA were evaluated
in the lab. JF and novel BF were used to make the compos-
ite materials for the current study by Javanthee Enterprises
(Chennai, Tamil Nadu, India). The investigation calls for the
collection of 20 samples and the execution of 20 sample tests.
Two sample groups are involved. Group 1 consists of compos-
ite materials developed with PLA/JF, whereas group 2 consists
of composite materials developed with PLA/JF/novel BF [1].
The computation makes use of a G-power of 0.8, alpha and
beta qualities of 0.05 and 0.2, and a 95% confidence level [11].

Lactic acid is the source of PLA, an aliphatic polyester
and renewable thermoplastic polymer matrix and reuses. It is
one of the most promising biopolymers in the world since it

has played a crucial role in the creation of goods that break
down organically. Agricultural resources were often fermented
to produce lactic acid, which was then used to make PLA. Af-
ter 12 weeks of exposure to the sun, the JF and novel BF were
finally dried. The fibers underwent a 24 h alkaline treatment
with NaOH to enhance their adherence to the matrix material
during the manufacturing step. The moisture was then entirely
removed from the fibers by roasting them for 72 h at 90 °C in
an air oven. Thus, the waste JF and novel BF is reused, and it
helps in sustainable consumption.

In order to make twenty samples with the proper pro-
portions of each ingredient, independent weight fraction
measurements of the PLA, JF and novel BF were obtained
using a digital scale. After each sample was weighed, the dry
forms of the fiber and polymer were mixed using a mechan-
ical stirrer. By following hand lay-up technique, two groups
of samples, group 1 (PLA/JF) and group 2 (PLA/JF/novel
BF) were developed. In group 1, 10 samples were prepared
with different ratios (50/50, 60/40, 70/30, 80/20, and 90/10).
In group 2, the novel BF were added to JF in the following
ratio: 80/10/10, 70/20/10, 60/30/10, 50/40/10, and 40/50/10
wt.%. All the composite materials were prepared using hand
lay-up technique. The impact strength of these composites has
all been studied. Izod impact test was carried out. Each of the
unnotched samples underwent an Izod impact test to see if
the composite materials met ASTM requirements for impact
resistance. The tool had a maximum force of 15 N and a ham-
mer head weight of 150 kg. For each of the specimens under
evaluation, the impact strength was calculated in relation to
the impact energy received.

Impact strength is the measure of the resistance shown
by a material when it hits an object. It is usually expressed as
the amount of energy absorbed by the material. There are two
methods in which impact strength can be measured namely,
Izod and Charpy impact test. In this work, an Izod impact
test is carried out. Here, a V-notch is created on the sample
for conducting Izod impact test. The V-notch is made at a 45°
angle. Then, a hammer with a certain load is made to strike
against the workpiece.

Statistical analysis
In this case, IBM SPSS (Statistical Package for the Social

Sciences) V26.0 was the software used to measure the statis-
tics. The independent sample t-test analysis was used to deter-
mine the mean, standard deviation, and standard error mean.
After comparing the two groups using the SPSS program,
the mean value and standard deviation values will be utilized
with the graph to most precisely identify the significant value.
Impact strength is an example of an interdependent variable.
Examples of independent variables are the PLA/JF and PLA/
JF/novel BF.

Results

A straightforward bar graph comparing the impact
strength of PLA/JF and PLA/JF/novel BF is shown in figure
1. The highest impact strength of PLA/JF 23.70 J/m while
PLA/JF/novel BF has a highest impact strength of 30.32
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Figure 1: A simple bar chart comparing the impact strength of PLA with
JF and PLA with BF has been developed. The impact strength of PLA
with JF is 21.91 J/m, while that of PLA with BF is 27.50 J/m. The PLA
including JF differs considerably from the PLA containing novel BF (p =
0.05, independent sample test). The impact strength values of PLA with JF
and PLA with novel BF are plotted along the X-axis. Y-axis: Mean impact
strength for keyword recognition, +1 standard deviation, with a confidence
range of 95%.

)

J/m.’The PLA/JF composite materials are very different from
PLA/JF/novel BF (p = 0.05, independent sample test). Along
the X-axis are displayed the impact strength values for PLA/
JF and PLA/JF/novel BF. For phrase recognition, the Y-axis,
1 standard deviation, 95% CI, mean thermal characteristic and

reusability.

The impact strength of PLA/JF and PLA/JF/novel BF
are given in table 1. The average impact strength of PLA/JF/
novel BF is 27.505 J/m which is more than PLA/JF. PLA/JF/
novel BF outperforms PLA/JF in terms of impact strength.
The statistical calculations, which include mean, standard de-
viation, and standard error for PLA/JF/novel BF and PLA/
JE, are displayed in table 2. The t-parameter is used to evaluate
the impact strength. The mean impact strength of PLA/JF is
21.95 and PLA/JF/novel BF is 27.50. In comparison to PLA/
JF, the standard deviation for PLA/JF/novel BF is 1.411.

The statistical results for independent samples contrasting
PLA/JF and PLA/JF/novel BF are shown in table 3. Compar-
ing PLA/JF/novel BF and PLA/JF is done using an indepen-
dent sample t-test with a level of significance of 0.66199 and a
95% CI. 0.001, significance (2-tailed), significance, lower and
upper interval difference, mean difterence, standard error dif-
ference, and significance are the results of this independent
sample test.

s D
Table 1: The comparative evaluation metrics for PLA/JF and PLA/JF/
novel BF has been presented. The average impact strength of PLA/JF is
21.915 J/m while that of PLA/JF/novel BF is 27.505 J/m. In terms of im-
pact strength, PLA/JF/novel BF performs better than PLA/JE.

Impact strength (J/m)
Test PLA/JF PLA/JF/Novel BF

Test 1 23.7 30.32

Test 2 20.45 27.52

Test 3 22.25 26.22

Test 4 19.25 27.34

Test 5 22.75 28.65

Test 6 23.55 27.25

Test 7 22.88 25.22

Test 8 20.15 28.36

Test 9 22.95 27.65

Test 10 21.22 26.52
Average test results 21.915 27.505

N J

Table 2: The statistical calculation such as mean, standard deviation and
standard error mean for PLA/JF and PLA/JF/novel BF. The impact
strength parameter used in the t-test. The mean impact strength of PLA/JF
is 21.91 J/m and PLA/JF/novel BF is 27.50 J/m. The standard deviation of
PLA/JF is 1.54 and PLA/JF/novel BF is 1.41. The standard error mean of
PLA/JF is 0.488 and PLA/JF/novel BF is 0.446.

Group N| Mean S.td: Std. error
deviation mean
Impact PLA/JF| 10| 21.915| 154625 | 0.48897
strength PLA/JF/
(J/m) ol BE | 10| 27505| 141116 0.44625
- J
Discussion

The impact strength of PLA/novel BE/JF and PLA/JF
have been compared. The impact strength of the PLA/JF were
investigated by adding novel BF (80, 70, 60, 50, and 40 wt.%).
In comparison to PLA/JF, PLA/JF/novel BF has superior im-
pact strength. novel BF is stronger and stiffer than regular JF,
as evidenced by the PLA/JF/novel BF impact strength (30.32
J/m) as compared to PLA/JF. The high impact strength was
found in the reinforced composite at 70/20/10% weight com-
bination of PLA/JF/novel BF. The 40/50/10 wt.% reinforced
PLA/JF/novel BF composite had inferior impact strength as
a result of insufficient matrix material, which led to improper
wetting of the fiber. In a study, Liu et al. [12] the role of resin
is very crucial in determining the mechanical properties of the
composite materials. Other than resin, studies by Ubeid et al.

interval difference.

s B
Table 3: The statistical calculations for independent samples tested between PLA/JF and PLA/JF/novel BEF. The significance value for tensile strength is
0.039.This independent sample test consists of significance as 0.001, significance (2-tailed), mean difference, standard error difference, and lower and upper

Levene's test for .
equality of variances T-test for equality of means
Si Mean Sed 95% CI of
F Sig. t df l‘,g' differ- ,t - error the difference
(2-tailed) difference
ence Lower Upper

. Equal variance |, ., 0039 | -8.444 18 0.001 15.59 0.66199 | -6.98078 | -4.19922
Tensile assumed
tr h i
stength | Equal variance 8444 | 17852 | 0.001 -5.59 0.66199 | -6.98161 | -4.19839

not assumed
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[13] and Mohammed and Hama [14] advocated the besides
playing an important role in enhancing the mechanical prop-
erties of composite materials, overloading of fibers may also
lower the mechanical properties. Hence, determining an ideal
composition of fiber and resin ratio is critical [15].

In this study, the maximum impact strength was exhibited
by the composite material with the composition of 70/20/10%
weight. Increasing the novel BF has also resulted in a decrease
in the impact strength. Even the addition of lower composi-
tion of novel BF such as 60, 50, and 40% has resulted in inter-
mediate impact strength. Hence, the outcome is in agreement
with the earlier studies [1, 3] by which states that increase in
fiber content may either increase or decrease the mechanical
properties.

When reinforced with 50% novel BE, the impact strength
of the composites increased as the fiber content increased.
However, as the amount of fiber is raised to 80% weight per-
cent, the impact strengths of composites decline. The PLA be-
comes stiffer but also more delicate with the addition of fibers.
The maximum impact strength was obtained with a composi-
tion of 80/10/10 i.e., 80% of novel BF reinforced against 10%
of JF and 10% PLA.

Conclusion

The conclusion of this study highlights the potential
of novel BF as a reinforcement material in JF and PLA
composite materials to enhance their impact strength
compared to traditionally reinforced JF composites. The
PLA/JF/novel BF composite material demonstrated superior
impact strength of 30.32 J/m as compared to the PLA/JF
composite’s impact strength of 23.70 J/m. The study suggests
that using novel BF in composite materials can improve
their impact resistance, reduce waste, and contribute to the
development of eco-friendly composite materials, sustainable
consumption practices, making it a promising candidate for
various industrial applications.
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