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Polymer composites conductivity, corrosion resistance, and ease of fabrication into complex
Biopolymer nanocomposites shapes. This article provides a brief review of polymeric biocomposites.

Natural fibers

Cellulose It focuses primarily on reinforcements such as natural fibers, seed shells,

animal fibers, and celluloses, which improve the mechanical properties
of composites, including strength, Young’s modulus, and creep
behavior. Reports indicate a growing use of cellulosic materials as
reinforcing components in biocomposites. Their low cost, recyclability,
renewability, and high strength-to-weight ratio demonstrate the
considerable potential of environmentally friendly composites for a wide
range of applications.

1. Introduction

From a general perspective, the distinctive feature of composites is that they contain at least two
microscopically different components that are essentially insoluble in one another, yet can be
combined to address certain problems, such as inadequate properties and compatibility issues. The
resulting material has improved properties relative to the matrix and exhibits new performance
characteristics.

Based on the type of matrix used, composites can be divided into three categories: polymer matrix
composites (PMCs), metal matrix composites (MMCs), and ceramic matrix composites (CMCs).
Most synthetic composites use thermosetting resins and polymers, such as unsaturated polyester [1],
phenolic resin [2], epoxy resin [3], and rubber [4], as well as thermoplastics such as polyethylene
[5], polypropylene [6], polyvinyl chloride [7], and polyethylene oxide [8].

Reinforcements in composites can be classified structurally as woven forms, continuous fibers, short
fibers, or particles. Alternatively, they can be categorized morphologically by physical size as
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macroscopic, microscopic, or nanoscale. In composites, macroscopic fabrics or fibers and
microscopic short fibers are commonly used as reinforcements.

Nanoscale reinforcements can improve composite properties because they have a high specific
surface area. The use of synthetic-fiber-reinforced composites in the aerospace, automotive, and
packaging industries has attracted considerable attention because of their high strength, flexibility,
stiffness, and broad potential for diverse applications [9]. For many industries, composites are an
important raw material in manufactured products.

However, composites are generally reinforced with synthetic fibers, which are usually non-
biodegradable. Another disadvantage is that these composites are difficult to decompose and
separate at the end of their useful life [10]. In view of their environmental impacts, researchers are
developing environmentally compatible biocomposites that use natural fillers without
compromising product quality. Such biocomposites are reinforced with natural fillers. These
renewable fillers are readily available, environmentally friendly, low-cost, lightweight, and possess
good mechanical properties [11].

Using biofibers instead of synthetic fibers as composite fillers can address environmental concerns,
including plastic waste and fuel scarcity. Growing public attention to strategies for reducing the
carbon footprint has also encouraged people to reconsider plastic consumption. More than 300
million tonnes of plastic are reportedly produced worldwide each year, indicating the large volume
of waste generated by the plastics sector [12]. Accordingly, recent studies have sought potential
alternatives based on more environmentally friendly and sustainable polymers and materials [13].

Researchers have reported significant value creation from renewable biological materials. Starch,
cellulose, and woody biomass, along with other biological feedstocks, are known as biopolymers
[14]. Compared with conventional plastics, these materials contribute substantially to reducing the
carbon footprint [15]. Nevertheless, with rapid population growth, greater attention is being given
to the efficient use of innovative and sustainable products made from these environmentally
compatible feedstocks. Evidence in the scientific literature indicates that starch, cellulose, alginate,
and fiber-rich materials such as flax, hemp, sisal, and jute can be partially combined or blended with
other materials to form composites with distinctive scientific and commercial properties. The
biodegradability and recyclability of these composites can accelerate their adoption in new
applications.

This article briefly reviews progress in the use of environmentally friendly reinforcements in
polymer composites and nanocomposites. Reports indicate increasing use of cellulosic materials as
reinforcing components in biocomposites. Their low cost, recyclability, renewability, and high
strength-to-weight ratio demonstrate the considerable potential of environmentally friendly
composites for a wide range of applications.

2. Celluloses as Reinforcement

Wood is the primary source of cellulosic fibers. Wood fibers consist of the middle lamella, the
primary wall, and the secondary wall. Cellulose microfibrils and hemicelluloses are present in all
three regions. The third major component is pectin in the primary walls and lignin in the secondary
walls. Wood is, in fact, a composite of these materials, in which cellulose microfibrils provide
strength. Hemicelluloses are a group of carbohydrate polymers that form part of the cellular
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structure in plant cell walls and play an important role in the strength and flexibility of those walls
[16].

In addition to wood, natural-fiber-reinforced polymer composites using other fibers, such as hemp
[17-21], cannabis [22—24], flax [25-28], and jute [29-34], have been widely studied. Natural fibers
can also be combined with other reinforcements to form hybrid composites and further improve
their overall properties. In a series of studies, Maldas and Kokta [35—39] investigated the properties
of composites filled with wood fibers (fibers or sawdust) and glass fibers/mica. They found that
surface treatments of the fillers were critical to composite performance.

Synthetic fibers have a particular range of properties, whereas the properties of natural fibers vary
considerably according to the source, location, age, and processing of the plants. By source, fibers
may be obtained from animals or plants. Natural plant fibers are divided into leaf, bast, wood, seed,
and fruit fibers; these have attracted the attention of many researchers and have been investigated
as reinforcing agents [40, 41]. Hemp, flax, kenaf, and jute fibers—all bast fibers—are obtained from
plant stems and are widely used to reinforce composites because of their greater length, strength,
and stiffness [42]. Indigenous plant fibers have also attracted scientific interest as reinforcing fibers.
Available examples include rice, wheat, and corn-straw fibers, which can serve as highly
economical reinforcements in biocomposite materials [43].

Natural fibers are hydrophilic, meaning that they absorb water molecules. Their hydrophilicity can
cause separation between the fibers and the polymer matrix, reducing the mechanical properties of
the resulting composites [44].

3. Biopolymers as Matrix

Biopolymers are biodegradable and environmentally friendly, and are obtained from agricultural
resources, by-products, chemical processes, and microbial activity [45]. They can also be produced
by combining two biopolymers. A polymer’s structure, source, and degradation conditions
determine its biodegradability [46]. During degradation, microorganisms attack the polymer and
break it down into smaller molecules, with the release of CO, [47]. Biopolymers have poor
mechanical properties on their own; however, adding natural fibers improves their mechanical
performance [48]. Conventional polymers such as polypropylene, polyester, polyethylene, and
epoxy are widely available and have passed through various stages of research and
commercialization [49-51].

PHA is arenewable and environmentally friendly polymer obtained from fatty acids, sugar, sucrose,
molasses, starch, wheat, methane, and corn [52]. Sucrose and glucose are used in the commercial
production of PHA [52, 53]. The biodegradability of PHA depends on environmental conditions,
water content, crystallinity, chemical composition, pH, and surface area [52].

PBS is biodegradable and is produced from 1,4-butanediol and succinic acid; it has favorable
thermal performance, with a melting point of 115 °C [79]. Blending PBS with other biopolymers,
such as PLA, starch, and carbohydrates, can improve its mechanical performance. PBS is used to
manufacture bottles, packaging, shopping bags, and other products [54].

Polylactic acid, or polylactide (PLA), is a common biopolymer. It is an aliphatic (thermoplastic)
polyester derived from lactic acid, which is found in many renewable resources, including wheat,
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corn, cassava, sugarcane, and barley [55]. PLA is preferred for medical applications because of its
biocompatibility; its degradation does not produce toxic by-products or interfere with tissue healing
[56].

4. Biocomposites and Mechanical Properties

Biocomposites consist of natural fibers and a matrix component. The matrix may be made from
biodegradable or non-biodegradable polymers. Polymer-matrix biocomposites can contain natural
polymers such as PLA, PHA, and PCL, or synthetic polymers such as thermoplastics and
thermosets. Adding one or more natural fibers to the matrix component forms a biocomposite. The
fibers provide strength, while the resin binds them together, helping the product remain stiff and
strong and protecting the fibers from moisture[57]. The effect of reinforcement on polymer-matrix
composites has been examined [58].

The aspect ratio is defined as the ratio of fiber length to diameter. Fiber fraction and fiber size play
essential roles in composite strength [59]. Although incorporating small particles can be effective
in processing equipment, a low aspect ratio leads to stress concentration and lower strength than
that of a pure polymer [60, 61]. A higher aspect ratio leads to superior mechanical properties because
increasing the length-to-diameter ratio enables more effective load transfer [59]. Biocomposites
made from biopolymers and natural fibers are attractive because they can provide the required
performance at lower cost [62]. These materials are biodegradable and recyclable and can be readily
disposed of after use without adversely affecting the environment. The same is not possible with
synthetic composites derived from fossil fuels.

Table 1 presents an overview of the mechanical behavior affected by adding different types of
cellulosic fibers to environmentally friendly polymer matrices, as reported in recent studies.

Table 1. Mechanical Behavior Affected by Adding Different Cellulosic Fibers to Biopolymer Matrices

References Description Matrix Reinforcing fiber

[63] Tensile strength and impact strength both increased PLA Banana fiber
by approximately 34%.

[64] Tensile strength improved by approximately 48% and Polypropylene Seaweed fiber
impact strength by approximately 106%. Lower water
absorption was observed in the processed composites.

[65] Flexural stress and modulus increased, indicating PLA Khorasan rice and
better interfacial adhesion. wheat bran
[66] Tensile properties of the resulting composite Polypropylene Hemp fiber
increased when the fibers were processed at a higher
temperature.
[67] Interfacial adhesion improved, resulting in better Modified Alfa fiber
mechanical properties and thermal stability of the sunflower oil
composites.
[68] Mechanical properties increased. PLA Eucalyptus
microfibers
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References Description Matrix Reinforcing fiber
[69] Improved interfacial adhesion, water resistance, HDPE Coffee grounds
impact strength, and tensile properties were observed.
[70] The mechanical performance of the processed PLA Hemp fiber mat
biocomposite was higher than that of the unprocessed
sample.
[71] Tensile properties and water resistance increased, and Polypropylene Pineapple leaves
the biocomposites had greater thermal stability.
[72] Rheological properties and thermal stability PHBH Aloe vera fiber
increased.
[72] Ultimate tensile strength and flexural strength HDPE Combretum
increased by 7.64% and 76.19%, respectively, while dolichopetalum
impact strength decreased by 5.33%. fiber
[72] Ultimate tensile strength and impact strength HDPE Combretum
increased by 18.78% and 58.73%, respectively, dolichopetalum
compared with the unprocessed sample. fiber
[73] Mechanical properties, water resistance, and thermal PLA Hemp fiber
stability increased.
[74] Tensile, flexural, and impact strengths of the Polyvinyl Banana fiber
processed composites increased by 98%, 58%, and alcohol
24%, respectively. Water absorption also decreased.
[75] Chemical and mechanical fiber—matrix bonding Unsaturated Hemp fiber
increased, improving mechanical performance. polyester
[76] Ultimate strength and Young’s modulus increased by PCL Wood fiber
46% and 248%, respectively, compared with
untreated fibers.
[77] Interfacial adhesion improved, Young’s modulus HDPE Wood fiber
increased, and strain at break decreased.
[78] Mechanical properties were unchanged, while LDPE Softwood pulp fiber
moisture resistance increased significantly.
[79] Interfacial bonding increased. Starch Hemp
[80] Water resistance, tensile strength, and thermal HDPE Hemp
stability increased.
[81] Thermal stability and mechanical performance Polypropylene Dissolving pulp
improved. based on kraft
[82] Tensile and flexural strengths increased, and creep Polypropylene Japanese cedar
resistance also improved. wood
[83] Homogeneous dispersion, interfacial adhesion, water Polypropylene Banana fiber

resistance, and thermal stability improved compared
with untreated and alkali-treated samples.
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5. Conclusion

Polymeric biocomposites are recognized as among the most notable materials in materials
engineering and advanced technologies. These materials are developed particularly using natural
reinforcements, derived mainly from plants or living organisms, as reinforcing components in
composite production.

The principal challenge in developing composites is the weak interaction between the matrix phase
and the reinforcing phase, which results in poor interfacial bonding and reduced composite
properties. Researchers seek to improve composite properties through pretreatment processes, the
addition of compatibilizers, and modification of the reinforcements. These approaches improve
adhesion between the matrix and reinforcements and, in turn, the mechanical properties of the
composite.

As shown in Table 1, polymeric biocomposites can improve mechanical properties and offer
excellent environmental characteristics. However, in many cases, their thermal properties do not
show significant improvement compared with the neat resin. Researchers continue to investigate the
development of polymeric biocomposites from natural resources. Despite the challenges,
environmentally friendly polymer composites and nanocomposites offer unique opportunities for
developing advanced, bio-based materials. Research and development in this field, focused on
reducing costs, increasing efficiency, and identifying new applications, can contribute significantly
to a more sustainable future.

Table 2. List of Abbreviations and Terminology

Term Meaning Abbreviation Meaning
PCL Polycaprolactone PLA Polylactic acid
PHA Polyhydroxyalkanoates PMC Polymer matrix composite
PP Polypropylene MMC Metal matrix composite
PBS Polybutylene succinate CMC Ceramic matrix composite
LDPE Low-density polyethylene HDPE High-density polyethylene
PCL Polycaprolactone PHA Polyhydroxyalkanoates
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