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Abstract—The purpose of this study was to investigate the
microstructure and characteristics of biodegradable
composites made from corn stalk powder fiber material and
a polypropylene plastic matrix, using Scanning Electron
Microscope (SEM) analysis. The issue of environmental
pollution caused by plastic waste is a growing concern, with
plastic waste accounting for an average of 10% of total waste
production, and less than 1% of plastic waste being
effectively decomposed due to the synthetic polymers used in
their production. Developing biodegradable plastic materials,
such as bioplastics, is one way to address this problem. In this
study, different compositions of the composite materials were
tested using SEM and microphotography. The composite
materials consisted of a polypropylene plastic matrix with
varying amounts of corn stalk powder fibers (5%, 10%, and
15%). The SEM results showed that the composition of 85%
polypropylene plastic and 15% corn stalk powder had a more
significant impact on the mechanical properties of the
composites, due to a stronger bond between the plastic and
polypropylene. Overall, this study provides important
insights into the development of biodegradable plastic
materials that can help mitigate the environmental impact of
plastic waste.
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. INTRODUCTION

The issue of solid waste has become a pressing national
problem in Indonesia, driven by population growth,
economic expansion, and changing consumption patterns.
Indonesia’s population has increased significantly in
recent years, reaching 261.89 million people in 2017, up
from 206.26 million people in 2000. This rapid population
growth has been accompanied by a rise in urbanization and
changes in lifestyle, leading to increased consumption and
waste generation. Moreover, Indonesia’s economy has
been expanding rapidly, with the manufacturing sector
contributing significantly to economic growth. While this
growth has created job opportunities and boosted living
standards, it has also led to a surge in industrial waste and
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pollution, exacerbating the country’s waste management
challenge. To address this issue, the government has
launched a number of initiatives and programs aimed at
improving waste management, including increasing public
awareness, promoting recycling, and investing in waste-to-
energy technology. Despite these efforts, however, the
challenge of solid waste management remains a major
concern for the country (Ministry of Environment and
Forestry of Indonesia, 2018).

To address the growing problem of environmental
pollution caused by non-biodegradable plastics, one
promising solution is the development of biodegradable
plastic materials, commonly known as bioplastics.
Bioplastics are designed to break down easily into simple
compounds that are environmentally friendly and do not
harm the ecosystem. This represents a significant advance
over traditional plastics, which can persist in the
environment for hundreds of years and pose a serious
threat to wildlife and human health. One important strategy
for developing bioplastics is the use of renewable natural
materials, such as plant-based feedstocks, which are
sustainable and can be grown in an environmentally
responsible manner. The development of bioplastics from
renewable resources has the potential to significantly
reduce our reliance on fossil fuels and mitigate the impact
of plastic waste on the environment. While there are still
challenges to be overcome in the development and
commercialization of bioplastics, they represent a
promising avenue for addressing the urgent environmental
problems facing our planet [1]. Biodegradable plastics can
be made from a variety of natural materials, including
polymer compounds derived from plants, animals, and
other organic sources. These compounds include starch,
cellulose, lignin, casein, chitin, and chitosan, among others.
Starch-based bioplastics, for example, are made by
extracting and processing starch from corn, potatoes, or
other crops. Cellulose-based bioplastics are produced from
the cell walls of plants such as cotton and wood, while
lignin-based bioplastics are derived from the woody part
of plants. Animal-derived bioplastics, such as casein-based
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plastics, are made from milk proteins, while chitin-based
bioplastics are produced from the shells of crustaceans
such as shrimp and crabs. The use of these renewable
materials for bioplastics has the potential to significantly
reduce our reliance on fossil fuels and mitigate the impact
of plastic waste on the environment [2, 3].

As concerns about environmental sustainability
continue to grow, industries around the world are
increasingly turning to renewable natural resources as a
way to reduce their environmental impact and increase
their economic efficiency. One industry that has embraced
this trend is the polymer composite industry, which is
rapidly expanding the use of natural fibers as fillers in a
wide range of products. Composites are formed through a
process of mixing or combining two or more constituents,
such as polymers and natural fibers, that differ in terms of
shape, properties, and composition. By combining these
materials, it is possible to create products that exhibit
better mechanical, thermal, and chemical properties than
the original materials. For example, natural fibers such as
hemp, jute, and kenaf have been shown to improve the
strength and durability of composite materials while also
reducing their weight and cost. The growing use of natural
fibers in polymer composites is a testament to the potential
of renewable resources to drive innovation and
sustainability in modern manufacturing [4, 5].

Plastic is a ubiquitous material that is used in countless
products and applications due to its durability, flexibility,
and low cost. However, most plastics are made from
synthetic polymers that are derived from non-renewable
sources such as petroleum, and these materials do not
biodegrade in the environment. One of the most widely
used types of synthetic plastic is Polypropylene (PP),
which is valued for its chemical resistance and toughness.
Unfortunately, polypropylene waste is also one of the top
contributors to global plastic pollution. This is due in part
to the fact that polypropylene is used in a wide range of
applications, from packaging and consumer goods to
automotive and construction materials. As a result,
significant amounts of polypropylene waste end up in
landfills, oceans, and other natural environments where it
can persist for centuries without breaking down. This
underscores the urgent need for more sustainable and
biodegradable alternatives to polypropylene and other
synthetic plastics, especially as global plastic production
and consumption continue to rise [6].

Polypropylene is a versatile thermoplastic that is widely
used in many different applications due to its unique
combination of properties. It is made from the monomer
propylene, which is a hydrocarbon that is produced from
crude oil or natural gas. Polypropylene is known for its
rigidity, toughness, and resistance to solvents, acids, and
bases. It is also odorless and has a relatively low melting
point, which makes it easy to process and shape using
various methods such as injection molding, extrusion, and
blow molding. Due to these properties, polypropylene is
used in a wide range of products and industries, including
automotive  components, loudspeakers, laboratory
equipment, food packaging, reusable containers, and many
others. Additionally, polypropylene is often preferred over
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other plastics because it is relatively inexpensive and can
be recycled. However, the growing concern over plastic
waste and its impact on the environment has led to an
increased interest in developing more sustainable
alternatives to polypropylene and other synthetic plastics.
Polypropylene is a thermoplastic with a melting point of
approximately 160 <C (320 ), which can be determined
through techniques such as Differential Scanning
Calorimetry (DSC). Although it has excellent mechanical
strength and is widely used in many different applications,
it is not biodegradable and can persist in the environment
for centuries. In order to address this issue, researchers
have developed biodegradable plastics by blending
synthetic polymers with natural polymers. However,
natural polymers have certain limitations, including poor
mechanical properties, low resistance to high temperatures,
and brittleness. To overcome these limitations, synthetic
polymers can be combined with natural fibers to produce
composite materials with improved mechanical properties
and biodegradability. By optimizing the composition and
processing conditions, these composites can be tailored for
specific applications, such as packaging, construction
materials, and biomedical devices, among others [7, 8].

Indonesia is a country with abundant agricultural
resources, and the utilization of fibers from agricultural
waste as a filler for plastic composites is a promising
solution. However, during corn harvesting, farmers
usually discard or burn corn stalks as they are considered
waste. Corn stalks contain a high amount of cellulose,
approximately 40%, which can be used as the main raw
material for producing biodegradable plastics. Unlike
synthetic plastics, biodegradable plastics can be
decomposed naturally by microorganisms and decompose
faster, making them a sustainable alternative. Several
countries, including Japan, Germany, and America, have
already begun using corn stalks as a raw material for
biodegradable plastics, and Indonesia has the potential to
follow suit. In 2015, Indonesia produced 19,612 tons of
corn, making it an ideal candidate for developing
biodegradable plastics [7].

The researchers conducted an important study on
developing more environmentally friendly composite
materials [9-11]. Natural fibers, particularly rice husk,
were used as an alternative to glass fiber to analyze their
effect on composite production. The research included
three different volume fractions of rice husks: 10%, 35%,
and 50%. To produce the composite, the researchers mixed
rice husks with a 7% NaOH solution, alkalinized the
mixture for two hours, and molded it using the Hand Lay
Up method in accordance with ASTM D 638 standards.
The composite’s mechanical properties were tested
through tensile testing, and its morphology was examined
using a SEM. The results indicated that the highest tensile
strength occurred at a volume fraction of 10% to 35%,
namely 11.071 N/mm? to 11.387 N/mm?. The SEM test
results showed that the morphology of the 35% volume
fraction was dominated by butek resin, which appeared to
optimally bind rice husks. In contrast, the morphology of
the 50% husk volume fraction showed air bubbles and
larger cavities, indicating that the resin did not sufficiently
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bind rice husks. Therefore, it can be concluded that mixing
rice husk fractions from 10% to 35% increase the tensile
strength of the composite, while also improving its
morphology, as compared to the 50% husk fraction [9, 12].

A researcher conducted a study on the impact of the
composition of composite materials with a polypropylene
matrix reinforced with natural fibers on the morphology
and strength of physical properties [1]. Fiber-reinforced
composites are commonly used for tools that require high
strength-to-weight ratio. The objective of the research was
to determine the effect of the composition of natural fibers
in polymer composites on the fiber morphology and
density of biocomposites with a matrix of polypropylene
reinforced by bagasse and betung bamboo fibers. The
matrix composition with fiber reinforcement was set at
80% polypropylene and 20% natural fibers. The dominant
composition of the natural fibers was varied by weight to
produce a comparison of the types of natural fibers that
yielded better test values. The density values of the
bamboo fiber and bagasse fiber composites with a
polypropylene matrix were determined using the mass
fraction of each component, namely PP 80%+B 15%+T
5% of 0.846427 g/m® PP 80%+B 10%+T 10% of
0.840983 g/m3, and PP 80%+B 5%+T 15% of
0.84373 g/m®. SEM testing was conducted to determine
fiber morphology and perform density calculations as a
physical test. The SEM results of the 15%B/5%T-80%PP
composite material showed that the distance between the
fibers was far apart, and the polypropylene matrix
appeared dense and solid. On the 5%B/15%T-80%PP
composite, a layer of the matrix was formed that produced
voids, indicating that the fibers were scattered to fill the
matrix, creating many black gaps between the fibers and
the matrix, which showed the pores of the material. This
explains why the 5%B/15%T-80%PP composite specimen
had a higher density value than 15%B/5%T-80%PP
[7, 13].

The research was conducted on the SEM testing of
ebonite matrix composites reinforced by hemp and
bamboo fibers, each with a content of 30 PHR and a sulfur
content of 40 PHR. The aim of the study was to investigate
the microstructure of the composite using SEM and
identify the bonding characteristics of the constituent
fibers that reinforce the composite. The study found that
the ebonite matrix composite reinforced with hemp fibers
exhibited stronger adhesion than the composite reinforced
with bamboo fibers, which appeared to be detached from
the ebonite. This finding suggests that hemp fibers are a
better reinforcement material for ebonite composites than
bamboo fibers. The SEM testing provided a detailed view
of the microstructure of the composite, revealing the
interactions between the fibers and the matrix. Overall, this
research provides valuable insights into the selection of
appropriate reinforcement fibers for ebonite composites,
and highlights the importance of SEM testing in
understanding  the  microstructure and  bonding
characteristics of composite materials [14].

Composite materials are engineered materials that are
made by combining two or more materials with different
properties and compositions to create a new material with
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superior properties. The constituent materials in a
composite are typically insoluble in each other and do not
react chemically to form other compounds. Composites
achieve unique properties that are not present in the
individual materials. In a composite material, one material
acts as a matrix, while the other material(s) function as
reinforcement. The formation of composites depends on
the surface bond between the matrix and the reinforcement
materials, which is achieved through adhesion and
cohesion forces. The strength and other mechanical
properties of the composite material are determined by the
properties of both the matrix and the reinforcement
materials, as well as the type and quality of the bond
between them [15].

A composite is a material formed by combining two or
more constituent materials through an inhomogeneous
mixture, where each material has different mechanical
properties. The resulting composite material has unique
mechanical properties and characteristics that differ from
those of the constituent materials. This allows us to tailor
the strength and other properties of the composite material
by adjusting the composition of the constituent
materials [2]. Composites are engineered materials that
consist of two or more constituent materials with different
chemical and physical properties, which remain separate
in the finished product. To achieve strong bonding
between the constituent materials, the addition of a wetting
agent is often necessary. A wetting agent is a compound
that reduces the surface tension of a liquid, allowing it to
more easily spread and bond with other materials. The
strength of the bonds between the constituent materials is
critical in determining the overall properties of the
composite material [15].

Composite materials have become increasingly
important in engineering applications due to their unique
properties, which are derived from the combination of two
or more materials. These materials are engineered to have
enhanced physical and mechanical properties that are not
achievable by individual materials alone. The combination
of materials in composite structures allows for the creation
of lightweight, strong, and durable materials that can be
used in a variety of applications. The basic structure of a
composite material consists of two main components: the
filler and the matrix. The filler, also known as the
reinforcement, is the component that carries the majority
of the load in a composite structure. It provides stiffness,
strength, heat stability, and other essential properties to the
composite. The matrix, on the other hand, acts as a binder
and is responsible for holding the reinforcement in place.
It also protects the fibers from damage caused by
environmental conditions and distributes the load to the
fibers. The properties of the composite material are
determined by the properties of the filler and matrix, as
well as the bonding strength between them. The selection
of the materials used as fillers and matrices is critical in the
production of composite materials. Fillers can be in the
form of fibers, flakes, powders, or other shapes, and they
can be made from a wide range of materials, such as carbon,
glass, aramid, and metal. The matrix can be made from a
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variety of materials as well, such as polymers, ceramics,
and metals [16, 17].

One of the critical factors in the production of composite
materials is the bonding strength between the filler and the
matrix. This bonding strength is affected by several factors,
including surface preparation, interfacial chemistry, and
processing conditions. The use of wetting agents is often
necessary to ensure strong bonding between the filler and
the matrix. Wetting agents reduce the surface tension of
the matrix material, allowing it to wet and adhere to the
surface of the filler material [18]. The properties of
composite materials can be tailored to specific applications
by adjusting the composition of the filler and matrix. The
amount, orientation, and shape of the filler material can be
manipulated to achieve specific mechanical properties,
such as stiffness, strength, and toughness. Similarly, the
matrix material can be selected to achieve desired
properties such as chemical resistance, thermal stability,
and electrical conductivity [19, 20].

Fibers can be categorized into two main types: natural
fibers and synthetic fibers. Natural fibers include materials
like jute, cotton, wool, silk, and hemp, while synthetic
fibers include materials such as glass, carbon, rayon,
acrylic, and nylon. Generally, the ratio of fiber length to
diameter plays an important role in determining the
mechanical properties of a composite material. Smaller
diameter fibers can reduce surface defects that can lead to
brittleness, while longer fibers tend to enhance properties
like strength and stiffness. When fibers are arranged in an
orderly fashion, they produce excellent mechanical
properties, as the forces acting on the composite are
unidirectional. This is closely related to how forces are
distributed across the composite structure and how well the
matrix and fiber are bonded. Natural fibers are a diverse
group of fibers that can be obtained from various sources,
such as plants, animals, and minerals. Among these, plant-
based fibers such as jute, rosella, flax, kenaf, and hemp are
commonly used in industrial applications. Natural fibers
have gained attention as potential reinforcing materials for
lightweight, eco-friendly, and cost-effective composite
materials [21-23]. Natural fibers have gained attention
from composite material experts due to their
environmentally friendly and biodegradable properties
compared to synthetic fibers. They are also renewable and
readily available in certain areas, making them an
attractive choice as reinforcing materials in lightweight
and cost-effective composite materials. Natural fibers have
good mechanical properties, particularly in terms of tensile
strength, and they are combustible, meaning that they can
be burned and their combustion energy can be utilized.
Additionally, natural fibers have a smaller specific gravity
and are safe for health because they are free from synthetic
chemicals and do not release toxic gases when burned [24].

However, natural fibers do have drawbacks that require
further research to reduce their deficiencies. One
disadvantage is that the quality of natural fiber varies
depending on weather conditions, and fibers obtained
during sunny and dry weather have lower moisture content,
which is essential in the composite manufacturing process.
Moist fibers cause the matrix to expand and voids to form.
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The process temperature is also limited due to the
flammable nature of natural fibers, as excessive heat can
cause them to burn. Natural fibers also have low adhesive
ability due to their content of lignin and oil, which limits
the junction between the fiber and the matrix, reducing
their adhesive strength. In addition, the dimensions of
natural fibers vary, even if they are of the same type, due
to their hygroscopic nature, with fibers that have higher
absorption capacity having larger dimensions than those
with lower absorption capacity [8].

Biodegradable plastic is a type of plastic that can be
decomposed by microorganisms into water and carbon
dioxide gas after it has been used and disposed of in the
environment. This makes it an environmentally friendly
option for single-use plastics. In Japan, biodegradable
plastic is also known as "green plastic." There are two
main types of biodegradable plastics based on the raw
materials used: those made from petrochemicals and those
made from renewable natural resources like starch and
cellulose. The former relies on non-renewable resources,
while the latter utilizes renewable resources. Currently,
most biodegradable plastic polymers produced are
aliphatic polyester polymers [25]. While biodegradable
plastics are a step in the right direction for reducing plastic
waste and environmental pollution, it’s important to note
that they still have limitations. For example, they may
require specific conditions to decompose properly, and
they may not necessarily break down completely if they
end up in a landfill where oxygen and microorganisms are
scarce. Additionally, producing biodegradable plastics still
requires energy and resources, so reducing overall plastic
consumption and promoting recycling are also important
steps in mitigating the negative impacts of plastic waste on
the environment [26, 27]. Biodegradable plastics can be
classified into two groups based on their raw materials.
The first group utilizes petrochemical-based materials,
which are non-renewable natural resources. The second
group uses plant-based materials, such as starch and
cellulose, which are renewable natural resources. Aliphatic
polyester polymers are currently the most commonly
produced biodegradable plastic polymers. These polymers
have shown promise in replacing conventional plastics in
various applications while being environmentally
friendly [2].

Polypropylene is a thermoplastic polymer produced by
the polymerization of propylene monomers. The resulting
product is commonly traded in the form of elongated
pellets. Polypropylene is a versatile material used to
manufacture a wide range of items, such as bottles, battery
boxes, mats, raffia, and plastic sacks. The raw material
used to produce polypropylene is derived from petroleum
through a process similar to that used for ethylene. To
obtain spatially ordered polypropylene, a low-pressure
process similar to that used for polyethylene is employed,
utilizing a Ziegler-Natta catalyst. Atactic polypropylene,
which lacks spatial regularity and has a low softening point,
can be separated from the spatially ordered polypropylene
by extracting it with pentane and setting it aside [9, 28].

The corn stalk refers to the central part of the female
corn where the ear is attached, including all parts of the
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female corn itself. The stalks are enveloped by a layer of
corn husk known as kelobot. Morphologically, the corn
stalk is a modified main stalk of the panicle, where the
male organ can give rise to grains under certain conditions.
Young corn stalks, commonly referred to as babycorn, are
edible and used as a vegetable, while mature stalks are
lightweight yet sturdy, and can be a source of furfural, a
monosaccharide with five carbon atoms. Corn stalks are
composed of complex compounds, including lignin,
hemicellulose, and cellulose, each of which can potentially
be converted into other compounds through biological
processes [29, 30].

A company based in lowa, USA has found a way to
repurpose corn stalks into a range of eco-friendly products.
Corn stalks possess unique properties such as being hard
and absorbent in some parts, as well as a combination of
several properties including being inert, biodegradable and
lightweight. These qualities make corn stalks an excellent
ingredient for various mixtures including animal feed,
insecticides and fertilizers. They can also be used as a
natural pet mat that is clean and effective in reducing
odors [10, 31]. Corn stalks have enormous potential for
fuel purposes, with around 90% of them being utilized for
this purpose. However, there is still significant waste of the
stems and leaves, which could contribute an additional
30% to this potential. This is because corn stalks have a
high carbon content, which makes them an excellent
source of fuel. In fact, studies have shown that in order to
dry 6 tons of corn from a moisture content of 32.5% to
13.7% whb over a period of 7 h, approximately 30 kg of dry
corn cobs per hour are required [32].

This research aims to investigate the potential of corn
stalk powder as a biodegradable composite material when
mixed with Polypropylene (PP) plastic. The Scanning
Electron  Microscope (SEM) test method and
microstructure photo tests were used to examine the
morphology of the corn stalk powder fiber material when
combined with a PP plastic matrix. The study analyzed the
microstructure of the resulting composite material and its
characteristics as a biodegradable material.

The research conducted for the development of a natural
fiber plastic composite, comprising corn stalk and
polypropylene, is visually depicted in Fig. 1, illustrating
the research flow chart. The initial stage involves acquiring
the requisite raw materials, as outlined in Table I. These
materials encompass polypropylene plastic and corn cob
powder. Subsequent to the procurement of the raw
materials, the subsequent stage revolves around the
formulation of a recipe for the natural fiber plastic
composite. This recipe delineates the specific proportions
of the two constituents necessary to attain the desired
composite properties. Following the formulation of the
recipe, the two components are meticulously blended

MATERIALS AND METHODS

using a high-speed mixer to prepare the composite material.

Subsequently, the composite material is molded into test
specimens designed for conducting tensile and water
absorption tests. These test specimens were utilized for the
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assessment of the composite material’s mechanical
characteristics and its resistance to water absorption.

The corn cob powder was prepared by drying the cobs
in the sun for a week, crushing them using a machine, and
then baking them at 60 <€ for 24 h to reduce their water
content. The powder was then filtered through a mesh size
of 60 to obtain an average size of 0.5835 mm through
macro photography. Recycled drinking water bottles were
used to obtain polypropylene plastic with code 5, which
was cut into small pieces for the composite manufacturing
process. A formula for the natural fiber plastic composite
was then developed, specifying the appropriate
proportions of the two materials. Three weight percentage
ratios of polypropylene plastic and corn stalk powder
(100:0, 95:5, 90:10, and 85:15) were used to produce
composite specimens. The weight fraction was used due to
weight fraction accounts for the actual mass of the
reinforcement material within the composite, which is
crucial for understanding the overall material behavior,
particularly in biodegradable composites where the density
of the components may vary.

Start
I
v v
Corn stalk powder Polypropylene
Crushing, sieving, bleaching Crushing and cleaning
[ [
v

Specimen Production
Fiber:PP =100:0, 95:5, 90:10, and 85:15
Holder force 45 kN, temperature 160°C
Cutting : ASTM D 638-04 and 10 mm

v v

SEM-EDX Water Soaking
Days: 0, 1,7, 14 (ASTM D 570)

v

Tensile Test
ASTM D 638-04. 3 samples per variations
based on production and water soaking.

v

Results and Conclusions (Finish)

_>

Fig. 1. Research flow chart.

TABLE |. THE SPECIMENS MATERIAL

- Polypropylene O StAIK oo \oiing  Holder
Specimen ~ oswh) powder Temp.(T)  Force
(%Wh) p- (KN)
1 100 0 160 45
2 9 5 160 45
3 90 10 160 45
4 85 15 160 45

To prepare the composite material, the plastic was
melted at 160 €€ and then mixed with the corn stalk
powder. The mixture was stirred until evenly distributed
and printed on a mold with a hot press machine. The
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composite material was then formed into test specimens
for the tensile test and water absorber tests. The test
specimens were cut using a chainsaw according to
ASTM D 638-04 standards for tensile tests. Each variation
involved three specimens, such as the 85:15 ratio, which
included 12 samples subjected to water soaking for 0, 1, 7,
and 14 days. Consequently, the collective number of
specimens reached a total of 48. The tensile test was
performed using the Zwick Roel Universal Tensile
Machine (UTM), as shown in Fig. 1(d).

Finally, SEM testing was performed on specimens cut
to a size of 1x1 cm? to analyze the structure of the
composite material. Prior to the SEM analysis, the
composite samples underwent a gold coating process, a
widely preferred practice for SEM specimen preparation.
Gold coating is esteemed for its ability to confer
exceptional conductivity, thereby mitigating issues related
to sample charging, and enhancing image contrast. This
coating technique proves particularly advantageous when
dealing with non-conductive materials like the plastic
composite in this study. Numerous researchers have
employed various methods in their endeavors [12, 16, 17].

The research team adhered to the ASTM D 570 standard
when performing the water absorption test. This test
method plays a vital role in evaluating the plastic
material’s susceptibility to moisture absorption over time,
especially in applications where material integrity is of
utmost importance. The typical procedure encompassed
immersing the specimen in water at a specific temperature
for a defined duration. Subsequently, the quantification of
water absorption was achieved by measuring the alteration
in weight or expressing it as a percentage relative to the
initial sample weight [33]. Fig. 2(c) in the study depicted
the specimens, each having dimensions of 10 mm.

115

P
\Ton 33

.

-
\»

r%

w

Thickness 3.2 mm

All dimension in mm

@
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(d)

Fig. 2. PP and corn stalk specimen. (a) Specimen dimension of ASTM D
638-04. (b) Specimens after cutting process. (c) Samples for SEM and
water absorption. (d) The sample attached to the UTM.

I11. RESULT AND DISCUSSION

Fig. 3 depicts the tensile stress behavior of a composite
material containing varying weight fractions of corn cob
powder and polypropylene. The composite specimens
were subjected to water immersion for 1, 7, and 14 days,
and their tensile stress was evaluated following the ASTM
D 638-04 standards. Prior to immersion, the composite
with a weight fraction of 95% exhibited the highest tensile
stress of 17.41 MPa, while the lowest tensile stress of
13.14 MPa was observed in the 85% weight fraction. As
an illustration, the tensile test conducted on the 95:5
fraction exhibited a load of 353.79 N. After 1 day of water
immersion, the highest tensile stress of 16.94 MPa was still
observed in the 95% weight fraction, whereas the 85%
weight fraction demonstrated the lowest tensile stress of
11.77 MPa.

Upon prolonged immersion for 7 and 14 days, the 95%
weight fraction continued to exhibit the highest tensile
stress at 16.11 MPa and 13.59 MPa, respectively.
Conversely, the 85% weight fraction displayed the lowest
tensile stress, measuring 10.17 MPa after 7 days and 9.99
MPa after 14 days of water immersion.
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Fig. 3. The impact of water immersion on the tensile stress of each
specimen.

The occurrence of voids within the specimens led to
inadequate bonding between the plastic matrix and the
corn cob powder, consequently diminishing the tensile
strength of the composite [34, 35]. The findings of the
study revealed that the optimal weight fraction of the
composite was determined to be 95% plastic and 5% corn
cob powder, attributing to the robust bond established
between the matrix and the powder. Conversely, the
weight fraction of the composite consisting of 85% plastic
and 15% corn cob powder exhibited the lowest tensile
strength due to the excessive amount of corn cob powder,
which impeded the attainment of a perfect bond with the
matrix.

Moreover, the diagram depicts a decline in tensile
strength as the duration of water immersion increases. For
the 100% plastic specimens, the decrease in strength can
be attributed to the presence of voids within the specimen.
In the case of other specimens, the reduction in tensile
strength is primarily due to water absorption by the corn
cob powder, leading to a weakening of the bond between
the matrix and the powder [36].

The water absorption test was conducted in accordance
with the ASTM D 570 standard, utilizing 36 specimens
with three samples for each variation as shown in Table II.
Prior to the test, the specimens were weighed and
subsequently immersed in water for durations of 1, 7, and
14 days. The results obtained from this experiment are
presented in the table.

TABLE Il. THE WATER ABSORPTION TEST RESULTS

Percentage
Immer-sion Specimen Al\r'ﬁ:;%e A\grr;?e of Water
Time (Days) (%PP) Weight (g) Weight (g) Abs(o&f;tlon
100 14.12 14.12 0.000
1 95 13.17 13.25 0.607
90 14.02 14.22 1.427
85 12.53 12.8 2.155
100 13.77 13.8 0.218
7 95 13,62 13.82 1.468
90 14.87 15.27 2.690
85 12.95 13.44 3.784
100 13.75 13.8 0.364
14 95 13,33 13.95 4.651
90 13.87 14.6 5.263
85 12.16 12.95 6.497
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Water absorption primarily occurs at the cut edge of the
specimen, where the corn cob powder is not completely
enveloped by the plastic matrix. As the composite absorbs
more water, its strength diminishes due to the presence of
air voids within the bonds of the composite material and
the water-absorbing nature of the corn cob powder. The
test results substantiate this, as they indicate that the
composite consisting of 85% plastic and 15% corn cob
powder exhibits the highest water absorption, whereas the
100% plastic composite demonstrates the lowest water
absorption. Furthermore, an increase in the proportion of
corn cob powder within the composite amplifies its water
absorption capacity.

Based on the conducted tensile test, it is evident that the
incorporation of corn stalk powder in the polypropylene
plastic composite material exerts a significant influence on
both the mechanical properties and water absorption
characteristics of the material. The results indicate that the
composition featuring 95% polypropylene plastic and 5%
corn stalk powder exhibits the highest tensile strength
among the tested variations. This composition
demonstrates superior mechanical performance and
highlights the favorable bonding and synergistic effect
between the polypropylene matrix and the corn stalk
powder filler.

In  contrast, the composition comprising 85%
polypropylene plastic and 15% corn stalk powder displays
the highest water absorption capacity. This finding
suggests that the increased presence of corn stalk powder
within the composite material leads to greater water
absorption due to the nature of the filler. The higher water
absorption observed in this composition may be attributed
to the porosity and hygroscopic properties of the corn stalk
powder, which can result in increased water uptake and
swelling behavior [37].

These conclusions drawn from the tensile test and water
absorption analysis shed light on the impact of the
composition variations on the mechanical and water-
related properties of the polypropylene plastic composite
material. The optimal composition of 95% polypropylene
plastic and 5% corn stalk powder demonstrates superior
tensile strength, while the composition of 85%
polypropylene plastic and 15% corn stalk powder exhibits
increased water absorption. These findings contribute to a
comprehensive understanding of the relationship between
composition variations and the resulting properties of the
composite material.

The composite materials composed of polypropylene
plastic and corn stalk powder underwent thorough
microstructural  observations.  Utilizing an optical
microscope with a magnification of 100X, detailed
examinations were conducted to capture microstructural
photos that provide a closer examination of the composite
material’s internal structure. These microstructural photos
serve a pivotal role in discerning the distribution of corn
stalk powder throughout the plastic matrix and evaluating
the bonding characteristics between the constituents.
Furthermore, these photos serve as a means to identify the
presence of voids and defects that can significantly
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influence the mechanical properties of the composite
material [38].

By scrutinizing the microstructure of the composite
material, valuable insights into its mechanical properties
can be obtained. The microstructural photos enable the
assessment of the uniformity in the distribution of corn
stalk powder and plastic, which directly impacts the
material’s strength and stiffness. Additionally, the
detection of voids and defects through microstructural
analysis holds utmost importance as they can considerably
diminish  the material’s  strength. Hence, the
comprehensive microstructural analysis stands as an
indispensable step in comprehending the composite
material’s properties and its potential applications.

The microstructure photo test was conducted on the
composite material comprising 95% polypropylene plastic
and 5% corn stalk powder, as shown in Fig. 4. The photo
clearly illustrates the distinctive color contrast between the
plastic matrix and the corn stalk powder, with the plastic
exhibiting a transparent hue and the corn stalk powder
displaying a brownish yellow coloration. Additionally, the
microstructure photo reveals the bonding between the
polypropylene plastic matrix and the corn stalk powder
fibers; however, visible gaps between these components
result in voids within the composite. These voids are
evident in the microstructure photo and manifest as
blackspot defects. Importantly, it should be noted that
these defects arise due to the infiltration of undesired
external materials.
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Fig. 4. A micrograph depicting the structure of the composite material
with a weight fraction of 95% polypropylene plastic.

The microstructure photo test provides insight into the
morphology of the composite material, revealing details
that are not visible to the naked eye. The test shows that
the corn stalk powder and the polypropylene plastic are not
completely homogenized, and there are gaps and voids in
the composite material. This information is important as it
provides a basis for understanding the mechanical
properties of the composite, such as its strength and
durability. By studying the microstructure photo, it is
possible to identify areas for improvement in the
composite’s manufacturing process, such as minimizing
the amount of unwanted external material that enters the
composite during production.

The microstructural photo test of the composition

variation consisting of 90% polypropylene plastic and 10%

corn stalk powder, as depicted in Fig. 5, reveals that the
corn stalk powder prominently occupies the image. This
suggests that the corn stalk powder content in this

composition is higher compared to the composition of 95%
polypropylene plastic and 5% corn powder. Nonetheless,
observable voids are present in the image, attributed to the
entrapment of air during the manufacturing process of the
material. Despite the presence of voids, the matrix and
fibers exhibit a strong bond, resulting in the formation of a
composite structure.

Corn stalks

Plastic’

Fig. 5. The structure of the composite material with a weight fraction of
90% polypropylene plastic.

The visible voids in the microstructural photo do not
compromise the overall bonding between the
polypropylene plastic matrix and the corn stalk powder
fibers. The successful bonding of these constituents
indicates that the composite material remains structurally
sound, despite the presence of air voids. The
microstructural analysis highlights the influence of
composition variation on the distribution and dominance
of corn stalk powder within the composite, while also
acknowledging the occurrence of voids as a byproduct of
the manufacturing process.

It is important to note that voids in composite materials
can affect their mechanical properties, such as tensile
strength and durability. Therefore, it is necessary to
minimize the presence of voids during the manufacturing
process to ensure the quality and reliability of the
composite material.

Based on the observations made from Fig. 6, a notable
enhancement is discernible in the microstructure of the
composite material containing 85% polypropylene plastic
and 15% corn stalk powder. The micrograph reveals a
uniform dispersion of corn stalk powder particles
throughout the matrix, indicating an improved distribution
within the composite. The incorporation of corn stalk
powder has played a pivotal role in augmenting the
mechanical properties of the composite material.

Cormn
Corn

stalks
stalks

plastic

Fig. 6. A micrograph that illustrates the internal structure of the
composite material composed of 85% polypropylene plastic.

The microstructural photo vividly demonstrates a
stronger bond formed between the matrix and the filler,



International Journal of Mechanical Engineering and Robotics Research, Vol. 13, No. 2, 2024

resulting in a more homogeneous structure. This improved
bonding is crucial for enhancing the mechanical
performance of the composite material. The uniform
distribution and effective integration of the corn stalk
powder within the matrix contribute to a more cohesive
and well-integrated composite structure, which positively
impacts its mechanical properties.

In addition to the enhanced mechanical performance,
the inclusion of corn stalk powder in the composite
material has expedited its biodegradation process. The
microstructural photo exhibits a greater number of voids
within the material, indicating the presence of
microorganisms that have initiated the biodegradation of
the composite. As a result, the utilization of corn stalk
powder in the composite not only improves its mechanical
properties but also renders it more environmentally
friendly by facilitating its biodegradability. The presence
of microorganisms actively degrading the material
highlights the potential for the composite to undergo a
natural decomposition process, contributing to its eco-
friendliness and sustainable characteristics.

Furthermore, the microstructural analysis conducted on
the composite material provided valuable insights into the
influence of voids on its tensile strength. The presence of
voids within the material can weaken its overall structural
integrity, consequently diminishing its tensile strength.
However, with the incorporation of corn stalk powder as a
filler in the composite, an improvement in the adhesion
between the polypropylene plastic matrix and the corn
stalk powder filler was observed. This enhanced adhesion
contributes to the overall enhancement of the mechanical
performance of the composite material.

Moreover, the addition of corn stalk powder not only
enhances the mechanical properties but also accelerates the
biodegradation process of the composite. The
microstructural analysis reveals that the presence of voids,
attributed to the biodegradation activity, signifies the
initiation of the composite material’s decomposition by
microorganisms. This indicates that the composite
material has the potential to wundergo a natural
biodegradable process, thereby contributing to its
environmental sustainability.

These compelling findings highlight the promising
potential of utilizing corn stalk powder as a filler in
polypropylene plastic composite materials. The
incorporation of corn stalk powder not only improves the
material’s mechanical properties by enhancing adhesion
and reducing voids but also supports the principles of
environmental sustainability through the acceleration of
biodegradation. These outcomes encourage further
exploration and investigation of this composite material in
various applications, including but not limited to
packaging, construction, and other industries where
enhanced mechanical performance and eco-friendliness
are desirable. Additionally, future research endeavors
could delve into the long-term durability and performance
assessment of this composite material to ensure its
suitability and reliability in practical applications.

Fig. 7 provides an SEM image showcasing the sample

composition variation of 95% polypropylene plastic and 5%

corn stalk powder. The SEM image allows for the
observation of the sample’s morphology, revealing
noteworthy characteristics. Notably, the image indicates
that the bonding between the corn stalk powder aggregates
and the PP plastic matrix is suboptimal, leading to the
occurrence of cracks within the empty areas of the matrix
where no corn stalk powder fiber aggregates are present.
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Fig. 7. SEM test results composite specimens of 95% polypropylene
plastic weight fraction.

Once debonding occurs, stress concentrations may
develop at the debonded sites. These stress concentrations
can lead to crack initiation, where small microcracks form
at or near the fiber-matrix interface. These microcracks can
propagate through the material. This occurrence could
potentially be attributed to air entrapment within the
composite during the printing process, particularly due to
the relatively small quantity of fibers. One of the initial
stages of fracture in composite materials is often the
debonding of the reinforcement fibers from the matrix. In
our case, the corn stalk powder fibers may debond from
the polypropylene matrix under load. This debonding can
occur due to stress concentrations, poor interfacial
adhesion, or other factors.

Based on Fig. 8, the SEM image of a sample
composition variation of 90% polypropylene plastic and
10% corn stalk powder, it is evident that the addition of
cornstalk fiber has a significant effect on the degree of
cracks and the bond between the matrix and filler. As the
load on the composite material increases, the microcracks
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can propagate, leading to crack growth within the
composite. The direction and extent of crack propagation
depend on various factors, including the applied stress,
material properties, and the presence of any pre-existing
defects.
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Fig. 8. The findings of the SEM test on composite specimens containing
90% polypropylene plastic weight fraction.

The SEM imagery clearly shows a reduced number of
cracks in the sample, and a better bond between the matrix
and filler can be observed. However, there are still a few
cracks visible due to the uneven distribution of the fibers
in the sample. The addition of cornstalk fiber not only
improves the mechanical properties of the composite but
also accelerates the biodegradable process.

Furthermore, the SEM image also shows that the
cornstalk powder aggregates are well bonded with the PP
plastic matrix, resulting in a better mechanical
performance. However, there are still some voids visible
in the sample due to trapped air during the manufacturing
process. Overall, the SEM image of the sample
composition variation of 90% polypropylene plastic and
10% corn stalk powder confirms the potential of using
cornstalk powder as a filler in PP plastic, leading to
improved mechanical properties and biodegradability.

Fig. 9 showcases an SEM image depicting the
microstructure of the sample consisting of 85%
polypropylene plastic and 15% corn stalk powder. The
image distinctly illustrates a notable enhancement in the
sample’s morphology compared to previous compositions.
The incorporation of 15% corn stalk powder has resulted
in a significant reduction in the presence of cavities and
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pores within the material. This improvement can be
attributed to the effective adhesion between the matrix and
the corn stalk powder fibers, ultimately contributing to
enhanced mechanical performance of the material.
Moreover, the SEM image highlights that the material
exhibits only a limited number of cracks and voids,
indicating a higher level of homogeneity and a reduction
in defects within the composite structure. Overall, the
SEM analysis confirms the beneficial effects of adding
15% corn stalk powder on the microstructure of the
composite, leading to improved material properties and a
more structurally sound composition.

The SEM image offers valuable insights into the
microstructure of the composite material, providing
implications for its overall properties. The image suggests
that enhancing the quantity of corn stalk powder fiber
aggregates has the potential to improve the bonding
between the filler and the matrix. This observation aligns
with the findings derived from the tensile test and
microstructural analysis, which consistently demonstrated
that the composite material comprising 85%
polypropylene plastic and 15% corn stalk powder
exhibited superior mechanical performance and displayed
favorable adhesion between the matrix and the filler. The
correlation between the SEM analysis, tensile test results,
and microstructural analysis substantiates the positive
influence of increasing the proportion of corn stalk powder
on the composite material’s mechanical characteristics and
interfacial bonding, thus highlighting the viability of this
compositional adjustment for enhancing overall material
performance.

The SEM image presented in Fig. 9 provides substantial
evidence supporting the effectiveness of incorporating
15% corn stalk powder into polypropylene plastic
composites to enhance material quality. The improved
morphology observed in the composite indicates superior
mechanical properties, which are of utmost significance
for a wide range of applications, including biodegradable
packaging, automotive components, and construction
materials. The findings derived from the SEM image serve
as compelling proof for the potential utilization of corn
stalk powder as a filler material in polypropylene plastic
composites. This research opens up promising avenues for
further exploration and underscores the viability of
leveraging corn stalk powder to optimize the properties
and performance of composite materials.
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Fig. 9. The results of the SEM test conducted on composite specimens
with a weight fraction of 85% polypropylene plastic.

IV. CONCLUSION

The study findings indicate that the incorporation of
corn stalk powder into Polypropylene (PP) plastic yields a
composite material with a strong bond between the matrix
and the fibers. The Scanning Electron Microscopy (SEM)
test results demonstrate uniformity across all three
composition variations, although the 85%:15% ratio exerts
a more pronounced influence on the mechanical properties,
as evidenced by the enhanced fiber surface appearance in
the SEM images. However, the composite manufacturing
process still gives rise to defects such as voids, bubbles,
black spots, and cavity gaps.

Furthermore, the composition comprising 85%
polypropylene plastic and 15% corn stalk powder exhibits
superior adhesion between the matrix and filler,
consequently accelerating the biodegradation process.
These findings collectively highlight the potential of the
corn stalk powder and PP plastic mixture as a
biodegradable material with enhanced mechanical
properties. The study underscores the importance of
further exploration in utilizing this composite for

sustainable  applications,  promoting  eco-friendly
alternatives while maintaining desirable material
performance.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

JS played a pivotal role in performing the critical
Scanning Electron Microscope (SEM) analysis, which
enabled the detailed examination of microstructures. ADA,
with meticulous attention to detail, undertook the arduous
task of manuscript composition, ensuring that our findings
were eloquently and comprehensively documented.
Meanwhile, AH and BW skillfully handled specimen
preparation, guaranteeing the integrity of our samples for
analysis. Lastly, Mas and RS demonstrated exceptional
expertise by conducting both the photo micrography and
tensile tests, providing invaluable insights into the

276

mechanical properties of our composite materials. All
authors had approved the final version.

FUNDING

The project was assigned the contract number 214/A.3-
I1/FT/V1/2022 of the Innovative Research program.

ACKNOWLEDGMENT

The authors would like to extend their appreciation to
Universitas Muhammadiyah Surakarta for their generous
financial support in the research endeavor under the
Innovative Research program. Furthermore, they would
like to express their gratitude to the Mechanical
Engineering Department and Material Laboratory at
Universitas Muhammadiyah Surakarta for their valuable
contributions to the project.

REFERENCES

[1] A. Antelava, S. Damilos, S. Hafeez, G. Manos, S. M. Al-Salem, B.
K. Sharma, K. Kohli and A. Constantinou, “Plastic Solid Waste
(PSW) in the context of Life Cycle Assessment (LCA) and
sustainable management,” Environ. Manage., vol. 64, no. 2, pp.
230-244, Aug. 2019. doi: 10.1007/s00267-019-01178-3

D. Rutot, E. Duquesne, |. Ydens, P. Degee, and P. Dubois,
“Aliphatic  polyester-based biodegradable materials: New
amphiphilic graft copolymers,” Polym. Degrad. Stab., vol. 73, no.
3, pp. 561-566, Jan. 2001. doi: 10.1016/S0141-3910(01)00142-2
M. Y. Yaakob, M. P. Saion, and M. A. Husin, “Potency of natural
and synthetic composites for ballistic resistance: A review,” Appl.
Res. Smart Technol., wvol. 1, no. 2, pp. 43-55, 2020.
doi: 10.23917/arstech.v1i2.52

T. A. Hussein, M. H. Dheyaaldin, M. A. Mosaberpanah, Y. M. S.
Ahmed, H. A. Mohammed, R. R. Omer, S. M. Hamid, and R.
Alzeebaree, “Chemical resistance of alkali-activated mortar with
nano silica and polypropylene fiber,” Constr. Build. Mater., vol.
363, 129847, Jan. 2023. doi: 10.1016/j.conbuildmat.2022.129847
S. Aguib, S. Roubah, M. Hadji, L. Kobzili, C. Noureddine, and T.
Djedid, “An experimental study of the dynamic properties of smart
composite magnetorheological materials,” Appl. Res. Smart
Technol., vol. 2, no. 1, pp. 27-33, 2021.
doi: 10.23917/arstech.v2i1.218

A. Kistan, V. Kanchana, E. Parthiban, S. Vadivel, and B. Sridhar,
“Study on flexural behaviour of polypropylene fiber reinforced fly
ash concrete beam,” Mater. Today Proc., Mar. 2023.
doi: 10.1016/j.matpr.2023.03.172

A. D. Anggono, A. S. Darmawan, Wijianto, and C. Prasojo,
“Development of biodegradable plastic made from recycling of
polypropylene (PP) with corn stalks powder,” IOP Conf. Ser. Mater.
Sci. Eng., vol. 673, no. 1, 2019. doi: 10.1088/1757-
899X/673/1/012136

M. I. Din, T. Ghaffar, J. Najeeb, Z. Hussain, R. Khalid, and H.
Zahid, “Potential perspectives of biodegradable plastics for food
packaging application-review of properties and recent
developments,” Food Addit. Contam.—Part A Chem. Anal. Control.
Expo. Risk Assess., vol. 37, no. 4, pp. 665-680, Apr. 2020, doi:
10.1080/19440049.2020.1718219.

A. Nourbakhsh, A. Ashori, and A. Kazemi Tabrizi,
“Characterization and biodegradability of polypropylene
composites using agricultural residues and waste fish,” Compos.
Part B Eng., vol. 56, pp. 279-283, Jan. 2014, doi:
10.1016/j.compositesh.2013.08.028.

M. Husseien, A. A. Amer, A. ElI-Maghraby, and N. Hamedallah, “A
comprehensive characterization of corn stalk and study of
carbonized corn stalk in dye and gas oil sorption,” J. Anal. Appl.
Pyrolysis, vol. 86, no. 2, pp. 360-363, Nov. 2009.
doi: 10.1016/j.jaap.2009.08.003

H. Tong, X. Zhong, Z. Duan, X. Yi, F. Cheng, W. Xu, X. Yang,
“Micro- and nanoplastics released from biodegradable and
conventional plastics during degradation: Formation, aging factors,

(71

(8]

[10]

[11]



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

International Journal of Mechanical Engineering and Robotics Research, Vol. 13, No. 2, 2024

and toxicity,” Sci. Total Environ., vol. 833, 155275, Aug. 2022.
doi: 10.1016/j.scitotenv.2022.155275

T. Raj, K. Chandrasekhar, A. N. Kumar, and S. H. Kim,
“Lignocellulosic biomass as renewable feedstock for biodegradable

and recyclable plastics production: A sustainable approach,” Renew.

Sustain. Energy Rev., vol. 2022.
doi: 10.1016/j.rser.2022.112130

Y. Xie, J. Zhang, J. Hu, A. Zhang, and T. Zhou, “Design and
preparation of rapid full bio-degradable plastic composites based on
poly (butylene succinate),” Polym. Compos., vol. 39, pp. E609—
E619, Apr. 2018. doi: 10.1002/pc.24783

L. Ribba, M. Lopretti, G. M. D. Oca-Vasquez, D. Batista, S.
Goyanes, and J. R. Vega-Baudrit, “Biodegradable plastics in
aquatic ecosystems: Latest findings, research gaps, and
recommendations,” Environ. Res. Lett., vol. 17, no. 3, Mar. 2022.
doi: 10.1088/1748-9326/ac548d

R. A. Wilkes and L. Aristilde, “Degradation and metabolism of
synthetic plastics and associated products by Pseudomonas sp.:
Capabilities and challenges,” J. Appl. Microbiol., vol. 123, no. 3,
pp. 582-593, Sep. 2017. doi: 10.1111/jam.13472

S. Kane, E. Van Roijen, C. Ryan, and S. Miller, “Reducing the
environmental impacts of plastics while increasing strength:
Biochar fillers in biodegradable, recycled, and fossil-fuel derived
plastics,” Compos. Part C Open Access, vol. 8, 100253, Jul. 2022.
doi: 10.1016/j.jcomc.2022.100253

X. Zhao, Y. Wang, X. Chen, X. Yu, , W. Li,, S. Zhang, X. Meng,
Z. Zhao, T. Dong, A. Anderson, A, Aiyedun, Y. Li, E. Webb, Z.
Wu, V. Kunc, A. Ragauskas, S. Ozcan, and H. Zhu, “Sustainable
bioplastics derived from renewable natural resources for food
packaging,” Matter, vol. 6, no. 1, pp. 97-127, Jan. 2023.
doi: 10.1016/j.matt.2022.11.006

L. do Val Siqueira, C. I. L. F. Arias, B. C. Maniglia, and C. C.
Tadini, “Starch-based biodegradable plastics: methods of
production, challenges and future perspectives,” Curr. Opin. Food
Sci., vol. 38, pp. 122-130, Apr. 2021.
doi: 10.1016/j.cofs.2020.10.020

C. Mukherjee, D. Varghese, J. S. Krishna, T. Boominathan, R.
Rakeshkumar, S. Dineshkumar, C. V. S. B. Rao, and A.
Sivaramakrishna, “Recent advances in biodegradable polymers—
Properties, applications and future prospects,” Eur. Polym. J., vol.
192, Jun. 2023. doi: 10.1016/j.eurpolym;.2023.112068

P. R. N, S. S. Nayak, and C. Author, “Tribological characteristics
of  Acrylonitrile-Butadiene-Styrene  (Abs)  thermoplastic
composites,” Int. J. Mech. Eng. Rob. Res, vol. 2, no. 4, 2013.

S. Wan, P. Zhang, Y. Li, J. Li, X. Li, J. Yang, M. Ji, F. Li, and C.
Zhang, “Recent advances and future challenges of the starch-based
bio-composites for engineering applications,” Carbohydr. Polym.,
vol. 307, May 2023. doi: 10.1016/j.carbpol.2023.120627

C. I. A. LaFuente, L. do Val Siqueira, P. E. D. Augusto, and C. C.
Tadini, “Casting and extrusion processes to produce bio-based
plastics using cassava starch modified by the Dry Heat Treatment
(DHT),” Innov. Food Sci. Emerg. Technol., vol. 75, Jan. 2022.
doi: 10.1016/j.ifset.2021.102906

M. Shettar, U. A. Kini, S. Sharma, and P. Hiremath, “Experimental
investigation on the tensile and flexural strength of nano-polymer
composites,” Int. J. Mech. Eng. Robot. Res., vol. 8, no. 5, pp. 702—
707, 2019. doi: 10.18178/ijmerr.8.5.702-707

F. G. Henning, V. C. Ito, I. M. Demiate, and L. G. Lacerda, “Non-
conventional starches for biodegradable films: A review focussing
on characterisation and recent applications in food packaging,”
Carbohydr. Polym. Technol. Appl., vol. 4, Dec. 2022.
doi: 10.1016/j.carpta.2021.100157

P. Fan, H. Yu, B. Xi, and W. Tan, “A review on the occurrence and
influence of biodegradable microplastics in soil ecosystems: Are
biodegradable plastics substitute or threat?,” Environ. Int., vol. 163,
107244, May 2022. doi: 10.1016/j.envint.2022.107244

158, 112130, Apr.

277

[26]

[27]

(28]

[29]

(30]

[31]

(32]

(33]

[34]

[35]

[36]

(371

(38]

G. Yilan, M. Cordella, and P. Morone, “Evaluating and managing
the sustainability performance of investments in green and
sustainable chemistry: Development and application of an approach
to assess bio-based and biodegradable plastics,” Curr. Res. Green
Sustain.  Chem., wvol. 6, 100353, Jan. 2023. doi:
10.1016/j.crgsc.2022.100353

M. Jang, H. Yang, S.-A Park, H. K. Sung, J. M. Koo, S. Y. Hwang,
H. Jeon, D. X. Oh, and J. Park., “Analysis of volatile organic
compounds produced during incineration of non-degradable and
biodegradable plastics,” Chemosphere, vol. 303, 134946, Sep. 2022.
doi: 10.1016/j.chemosphere.2022.134946

T. W. Lee and Y. G. Jeong, “Enhanced electrical conductivity,
mechanical modulus, and thermal stability of immiscible
polylactide/polypropylene blends by the selective localization of
multi-walled carbon nanotubes,” Compos. Sci. Technol., vol. 103,
pp. 78-84, Oct. 2014. doi: 10.1016/j.compscitech.2014.08.019

A. Jaswal, P. P. Singh, and T. Mondal, “Furfural-a versatile,
biomass-derived platform chemical for the production of renewable
chemicals,” Green Chem., vol. 24, no. 2, pp. 510-551, Jan. 2022.
doi: 10.1039/d1gc03278j

L. Ji, Z. Tang, D. Yang, C. Ma, and Y. C. He, “Improved one-pot
synthesis of furfural from corn stalk with heterogeneous catalysis
using corn stalk as biobased carrier in deep eutectic solvent—water
system,” Bioresour. Technol., vol. 340, 125691, Nov. 2021.
doi: 10.1016/j.biortech.2021.125691

M. Duque-Acevedo, L. J. Belmonte-Urena, F. J. Cortes-Garcia, and
F. Camacho-Ferre, “Agricultural waste: Review of the evolution,
approaches and perspectives on alternative uses,” Glob. Ecol.
Conserv., vol. 22, €00902, Jun. 2020.
doi: 10.1016/J.GECCO0.2020.E00902

J. A. Capunitan and S. C. Capareda, “Assessing the potential for
biofuel production of corn stover pyrolysis using a pressurized
batch reactor,” Fuel, vol. 95, pp. 563-572, May 2012.
doi: 10.1016/j.fuel.2011.12.029

E. K. Orhorhoro, R. I. Tamuno, and A. J. Chukwuedo,
“Development of a variance model for the prediction of water
absorption and thickness swelling for an experimental design pvc
reinforced composite pipes,” Appl. Res. Smart Technol., vol. 4, no.
1, pp. 16-24, 2023. doi: 10.23917/arstech.v4i1.1435

J. P. Lopez, J. Girones, J. A. Mendez, J. Puig, and M. A. Pelach,
“Recycling ability of biodegradable matrices and their cellulose-
reinforced composites in a plastic recycling stream,” J. Polym.
Environ., vol. 20, no. 1, pp. 96-103, 2012. doi: 10.1007/s10924-
011-0333-1

C. H. Schilling, P. Tomasik, D. S. Karpovich, B. Hart, J. Garcha,
and P. T. Boettcher, “Preliminary studies on converting agricultural
waste into biodegradable plastics. Part II: Corncobs,” J. Polym.
Environ., vol. 13, no. 1, pp. 57-63, 2005. doi: 10.1007/5s10924-004-
1216-5

S. Husseinsyah, A. Nurain, and K. Suppiah, “Effect of eco-
degradant on properties of Recycled Polyethylene (RPE)/chitosan
biocomposites,” J. Eng. Sci., vol. 12, pp. 53-64, 2016.

D. Notta-Cuvier, F. Lauro, B. Bennani, and M. Nciri, “Impact of
natural variability of flax fibres properties on mechanical behaviour
of short-flax-fibre-reinforced polypropylene,” J. Mater. Sci., vol. 51,
no. 6, pp. 2911-2925, 2016. doi: 10.1007/s10853-015-9599-3

C. Vasile, M. Brebu, H. Darie, and G. Cazacu, “Effect of some
environmentally degradable materials on the pyrolysis of plastics I1:
Influence of cellulose and lignin on the pyrolysis of complex
mixtures,” J. Mater. Cycles Waste Manag., vol. 12, no. 2, pp. 147—
153, 2010. doi: 10.1007/510163-009-0282-0

Copyright © 2024 by the authors. This is an open access article
distributed under the Creative Commons Attribution License (CC BY-
NC-ND 4.0), which permits use, distribution and reproduction in any
medium, provided that the article is properly cited, the use is non-
commercial and no modifications or adaptations are made.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/



