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1 Introduction 

Polymers have many advantages over conventional materials, i.e., metals, and due 
to these advantages, many polymer materials have replaced conventional materials 
in various applications. Due to their easy process, high production rate, low cost, 
and multifunctionality, they have many applications [1]. However, some mechanical 
properties of polymer materials, such as strength and toughness compared to metals 
and other applied materials, may be insufficient for some specific uses, and these 
defects may limit their applications. Filler and fibers can modify the mechanical 
properties of polymers as reinforcement or just as filler. Properties of fiber-reinforced 
polymer composites are better than conventional materials, and their applications 
cover a vast area containing various fields from appliances to spacecraft [2]. 
Production of polymer fiber-reinforced composites initiated after the Second World 
War, which had limited their applications due to high production cost [3]. By the 
1990s, their costs sharply decreased, and therefore, polymeric-based fiber-reinforced 
composites fund a more comprehensive range of applications which resulted in a 
massive amount of production, and thus, their wastes caused a severe environmental 
issue [3, 4]. The use of natural resources as constitutive materials in composites was a 
solution to reduce environmental issues. Green composites or biodegradable compos-
ites are a kind of composites using biopolymers and natural fibers and fillers in their 
structures and can dispose of them without deteriorating the environment. Using 
natural fibers with traditional petroleum-based nonbiodegradable polymer matrices 
including polypropylene, poly (vinyl chloride), polyethylene and epoxy result in a 
relatively biodegradable composite. Fully biodegradable composites are constructed
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of biopolymer as their matrix, reinforced with natural fibers. The reinforcement 
of the matrix phase (biopolymer or traditional polymer) with a combination of 
different natural fibers makes a hybrid green composite [5]. Other classifications of 
partially biodegradable or green composites can be based on the direction of fibers 
or functional behavior. Biopolymers are made up of living organisms containing 
monomeric units including saccharides, nucleic acids, and amino acids, in which 
the molecules are patterned with linearly or branched structures [6]. The prefix ‘bio’ 
refers to the living matter [7]. Biopolymers can be emanated from natural sources 
resembling plants, agricultural wastes, microbes, and animals [8]. Biopolymers 
include thermoset and thermoplastic polymers. However, if thermosets polymerize 
with synthetic monomers, they aren’t fully green polymers [9]. Poly (lactic acid) 
(PLA), polyhydroxy butyrate (PHA), and thermoplastic starch are examples of 
biopolymers [10]. Natural fibers are fillers and reinforcements from renewable and 
non-man-made resources. Natural fibers can be categorized into three main classes: 
plant fibers, animal fibers, and mineral fibers. Plant fibers have two subgroups, 
namely wood and non-wood fibers. Wood fibers own a major contribution to natural 
fiber reinforcing biodegradable composites, but non-wood fibers also have a signifi-
cant role. Wood fibers extract from softwood and hardwood. Non-wood fibers extract 
from seed, leaf, bast, fruit, and stalk [11]. Kenaf, jute, sisal, banana, cotton, coir, 
rice, bamboo are some common non-wood plant natural fibers [12–14]. Low cost, 
eco-friendly and low density of green composites are the characteristics that increase 
their importance, but due to some challenges in their process and nature of them, it 
is impossible to completely supersede all petroleum-based products with bio-based 
ones. The combination of both petroleum-based and natural materials can result in an 
optimum and useful product [15]. Inadequate mechanical properties, low permissible 
temperatures during process and operation, incompatibility between polymers and 
natural fibers are the significant challenges that can reduce the efficiency of the green 
composites [16]. While the natural fibers and most of polymers are hydrophobic, as 
a result, matrix and fibers become incompatible, and the interface of the matrix and 
fibers cannot quite transfer the loads. Physical and chemical treatments can reduce 
this incompatibility between fiber and matrix. Microwave processing, hydrothermal 
treatment, and steam explosion are physical treatment examples. Alkaline treatment, 
acid treatment, acetylation treatment, and benzoylation treatment are famous 
chemical treatments [17–22]. These treatment methods can have many positive 
influences on the quality and properties of natural fibers and their composites. Also, 
these problems limit natural fiber selection for reinforcement of polymers. 

Poly (vinyl chloride), shortened as PVC, is an organ of vinyl polymers, and 
because of its low price, durability, and flexibility is widely used. Some other group 
members of vinyl polymers are polypropylene, polyethylene, polyvinyl acetate, 
polystyrene, polyvinylidene chloride and polymethyl methacrylate. PVC is a rigid 
thermoplastic polymer, and it becomes softer with the addition of the plasticizer; thus, 
it has many uses such as pipes, building materials, and many other applications. Low 
production cost, ease of fabrication, and long lifetime, which is because of the high 
resistance of PVC to various corrosive liquids, are the main reasons for the wide 
applications of PVC, which affects its usage significantly in comparison with other
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plastics [23]. PVC is one of the best petroleum-based thermoplastic polymers, which 
can be mixed with natural fiber to produce a partially biodegradable composite. This 
feature could decrease the disadvantages of using PVC and develop the benefits of 
the composites fabricated using this polymer [24]. PVC-based natural fiber compos-
ites (PNFCs) can be a competitor material to unfilled PVC. Fittings and electrical 
plugs, door lines and window, fencing, blinds, and decking are some applications of 
unfilled PVC that can be replaced with PNFCs. Substituting PVC with the PNFCs 
can lessen the growth rate of PVC productivity, reduce the environmental problems 
originating from the use of PVC and minimize the dependence on petroleum [25]. 
In recent researches, poly (vinyl chloride) is reinforced by bamboo, wood, coconut 
shell, rice husk, Areca Sheath, Sugarcane Bagasse, and date palm fibers [26–35]. This 
variety in natural fibers used with PVC shows that this polymer is a good candidate 
as a matrix in a green composite. PVC is a polymer, and as mentioned earlier, poly-
mers are hydrophobic, and natural fibers are primarily hydrophilic. This difference 
between fibers and matrix in PVC-based biodegradable composites can decrease 
the mechanical, thermal, and other valuable properties of composites. Physical and 
chemical treatments of fibers can improve the quality of the composite. 

This study introduces natural fibers used as reinforcement in biodegradable 
composites in detail. Then, general information and treatment methods of thermoset 
and thermoplastic green composites are presented, providing a good foundation for 
everyone interested in these topics. After, significant challenges, advantages, and 
disadvantages of the most applicable PVC-based partially biodegradable composites, 
which were interested in recent studies, are discussed. 

2 Classification of Natural Fibers 

Natural fibers are fillers and reinforcements from renewable and non-man-made 
resources. The use of natural fibers as a reinforcing phase in composites reduces 
concerns about environmental problems such as recycling of the materials and 
decomposition of them in the nature. Furthermore, natural fibers have a relatively 
low density compared to synthetic fibers; thus, natural fibers are a suitable alternative 
for low-weight applications where the weight of the material is a critical problem. 
However, natural fibers have poorer mechanical, structural, and water stability than 
synthetic fibers, so in most cases, using natural fibers in materials that have to carry 
high loads is inapplicable and risky. As a result, the primary use of materials rein-
forced by natural fibers is in secondary structures such as interior of automotive (side 
panels, seat frames, and central consuls) [36]. Properties of natural fibers are depen-
dent on growth conditions. Natural fibers can be categorized into three main groups: 
plant fibers, animal fibers, and mineral fibers. Plant fibers have two subgroups, namely 
wood and non-wood fibers [37]. Wood fibers own a major contribution to natural fiber 
reinforcing biodegradable composites, but non-wood fibers also have a significant 
role [37]. Wood fibers extract from softwood and hardwood. Non-wood fibers extract 
from seed, leaf, bast, fruit, and stalk (Fig. 1).
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Fig. 1 Classification of 
natural fibers 

3 Plant Fibers 

All plant fibers are constructed of cellulose, including bast fiber, leaf fiber, seed, 
fruit, wood, cereal straw, and other grass fibers [38]. Jute, kenaf, date palm, coir, 
sisal, flax, hemp, bamboo, Sugarcane bagasse, and ramie are some of the most plant 
fibers which have many uses in the fabrication of green composites. The diameter of 
plant fibers is about 1–100 μm and has a noticeable variation. Fiber length depends 
on the plant species [11]. 

Plant fibers, or lignocellulosic fibers due to their chemical composition, are made 
up of three primary chemical matter, namely cellulose or α-cellulose, hemicellu-
loses, and lignin. They also have a few amounts of pectin, waxes, and water-soluble 
substances in their constructions. The quantity of these components varies from 
plant to plant and could also vary in different parts of the same plant. Age and 
species of plants are the reason for this variety [39]. For example, cellulose and 
hemicellulose make up about 45% and 25–30% of total wood dry weight, respec-
tively [40]. The chemical composition and cell structure of plant fibers are illustrated 
in Fig. 2. The anatomy of plant fibers is quite complex and is a natural composite. 
In fiber plants, soft lignin and hemicellulose encompass rigid cellulose microfibrils 
like matrix in composites. Also, microfibrils are helically twirled along the fiber axis 
to form ultimate hollow cells [41].

The structural integrity of the fibers is due to the existence of the Cellulose. 
Cellulose consists of β-D-glucose units. These units produce a linear polymer chain 
by connection using β-1, 4-glycosidic linkages at C1 and C4 points [39]. (C6H12O5)n 
as cellulose is a polysaccharide that can be changed to the simple form of glucose 
(C6H12O6). Cellobiose which is also recognized as anhydro cellobiose, is the shortest 
unit, repeated in structure, and is made of distillation of two glucose units, as shown 
in Fig. 3a. All lignocellulosic fibers are hydrophilic. This essential property is due 
to the existence of six hydroxyl groups in Each repeated unit, and these groups 
shape intermolecular and intramolecular hydrogen bonds with the macromolecule 
and other cellulose macromolecules or polar molecules [42].
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Fig. 2 Composition of plant fibers

Hemicellulose keeps pectin and cellulose side by side, forming a network, and 
after cellulose, it is the second most plentiful organic material on earth. The struc-
ture of Hemicellulose is presented in Fig. 3b, and it is more complex than cellu-
lose. Covalent and non-covalent bonds link Hemicelluloses to cellulose and lignin, 
and how they are in contact determines the flexibility and rigidity of the cell wall. 
Hemicelluloses are a group of homopolymers and heteropolymers. Mannopyranose, 
glucopyranose, anhydro-β-(1–4)-D-xylopyranose, and galactopyranose main chains 
with several substituents constitute Hemicelluloses [43]. The principal hemicellulose 
constituents are mannan-based in softwood and xylan-based in hardwood [38]. 

Lignin is the most generous polymer in nature which is a natural polymeric product 
originating from an enzyme-initiated dehydrogenative polymerization of three 
primary precursors, including trans-coniferyl, trans-sinapyl, and trans-p-coumaryl, 
shown in Fig.  3c [44]. Lignin fills the spaces between pectin, hemicellulose, and 
cellulose in the cell wall. It exists in the cellular cell wall conferring structural 
support, impermeability, and resistance against the oxidative stress and microbial 
attack. Hemicellulose and cellulose are macromolecules of diverse sugars, while 
lignin is an aromatic polymer synthesized from phenylpropanoid precursors. Pectin 
and wax are two constituents of plant fibers that exist at a low percentage in plant 
fibers. Pectin connects the plant cells and specifies the shine and touch of the fibers. 
It consists of heterogeneously branched polysaccharides. The high accumulation of 
pectin appears in the primary cell wall and middle lamella of fiber. The simplest form 
of pectin is homogalacturonan (HG), an unbranched polymer of α-(1–4) connected 
D-galacturonic acid, as shown in Fig. 4d. Waxes are also a critical constituent element 
of the fiber cell wall. This element specifies smooth touch, low friction, and thus the 
case of moving the fiber [44]. Waxes comprise various alcohols soluble in water and 
acids, including phenolic, greasy, and stearic acid [38]. The chemical composition 
of common lignocellulosic fibers is presented in Table 1.
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Fig. 3 Chemical organization of the primary constituents in the fiber cell wall

4 Animal Fibers 

Animal fiber composites possess higher strength, flexibility, and corrosion resis-
tance. Animal fibers contain proteins. Sheep wool, bird feathers, human hair, and 
(spider/moth) silk are examples of applied animal reinforcements. They are also 
called protein fibers [46]. Numerous reactive functional groups are present in protein



Natural Fiber Reinforced PVC Composites and Nanocomposites 93

Fig. 4 Human hair structure 

Table 1 Chemical composition of some plant fibers [38, 45] 

Fiber Cellulose (wt%) Hemicellulose 
(wt%) 

Lignin (wt%) Pectin (wt%) Wax (wt%) 

Flax 71–78 18.6–20.6 2.2 2.3 1.7 

Kenaf 45–57 21.5 8–13 3–5 0.5 

Hemp 70.2–74.4 17.9–22.4 3.7–5.7 0.9 0.8 

Ramie 68.6–76.2 13.1–16.7 0.6–0.7 1.9 0.3 

Jute 67–71.5 13.6–20.4 12–13 0.2 0.5 

Rice husk 35–45 20 19–25 – 14–17 

Sisal 67–78 10–14 8–11 10 2 

Pineapple 80–83 15–20 8–12 2–4 4–7 

Abaca 56–63 21.7 12–13 1 0.2 

Cotton 85–90 5.7 0.7–1.6 0–1 0.6 

Coir 36–43 0.15–0.25 41–45 3–4 – 

Bagasse 55.2 25.3 16.8 – – 

Bamboo 26–43 21–31 30 – – 

Soft wood 43–45 25–35 16–24 – – 

Hard wood 40–44 25–29 25–31 – –

fibers, with amino acids interconnected by peptide bonds. Protein contents are 
oriented parallel to the fiber axis. Numerous reactive functional groups are present 
in protein fibers, with amino acids interconnected by peptide bonds. Protein contents 
are oriented parallel to the fiber axis. 

Smoothness, durability, and non-sticky surface are some properties of wool fibers. 
These properties give the excellent ability to elongate and elastic recovery of fibers 
[47]. Wool fibers have the protein content as keratin with five main elements: carbon 
50%, hydrogen 6–7%, nitrogen 15–21%, oxygen 21–24%, sulfur 2–5%, and other 
elements. Keratin is a tough protein in hair fiber and has high flexural strength and
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acceptable thermal stability. It exists in sheep wool fibers and exhibits advancement 
in the mechanical properties of the composite. Wool fibers layers include two types 
of cells. Cells include the internal cells of the cortex and external cuticle cells that 
constitute a sheath around the fiber [48]. 

Human hair is an essential biomaterial fiber created with protein and signifi-
cantly alpha-keratin, which rises from follicles in the skin or dermis [49]. The cross 
section of human hair shaft comprises the medulla, cortex, and cuticle, Fig. 4. The  
cuticle layers are flat, thin cells like roof shingles overlaying one another. The cortex 
possesses the keratin bundles in cell structures that stay roughly rod-like. The medulla 
is a rambling and open area at the fiber’s center. The constitutive elements of hair 
are about 50.65% carbon, 20.85% oxygen, 17.14% nitrogen, 6.36% hydrogen, and 
5.0% sulfur [50]. Amino acids in hair retain arginine, valine, leucine, glycine, serine, 
threonine, cytosine, and glutamine [51]. Goat hair fiber, also named diamond fiber, 
is more costly than human hair and has exceptional insulating characteristics, flame 
resistance, fine elasticity, crease-resistant, moisture-wicking properties. 

Chicken feather fiber is an aviculture waste. Crafting, textile, and biocomposite 
products are practical applications of the feather in industries. Crafting, textile, and 
biocomposite products are practical applications of the feather in industries. It has an 
incredible agreement in common with reptilian keratin from claws. The amino acid 
row of a chicken feather is very analogous to the other feathers. The feather contains 
approximately 91% keratin, 7.9% water, and 1.3% fat. The row is composed primarily 
of cystine, glycine, serine, and proline and contains nearly no histidine, methionine, 
or lysine [52]. The fibers are like a narrow thread. It is joined to the quills. The quill 
is a tough, central axis off which smooth, interlocking fibers branch. The existence of 
a quill among fibers results in a more granular, light, and massive material. Smaller 
feathers have a more significant proportion of fiber, which has a higher aspect ratio 
than the quill. The dimensions of a standard quill including the length and diameter 
are in the range of centimeters and millimeters respectively, and fiber is in the range 
of 550 μm (Fig. 5).

Silk is a strong and expensive protein fiber. Moth and spiders are two familiar 
sources of it. However, Bombyx mori moth silk produces Most of the saleable silk 
fiber. Cocoons are natural polymeric composite shells comprised of fibroin and sericin 
binder and crafted by a single continuous silk strand [25]. The length of the contin-
uous silk strand of the cocoon is in the range of 1000–1500 m and bound by sericin. 
Silk fibroin is a natural protein and possesses a semicrystalline structure. This struc-
tural characteristic makes fiber stiff and strong. The sericin binder holds the structure 
of the fiber as an adhesive binder. As an application in medical industries and tissue 
engineering, recently, silk fiber has been employed as reinforcement in biopoly-
mers. A spider produces another type of silk fiber and can have six different silk 
fibers. Major and minor ampullate silk, aciniform silk, flagelliform silk (capture core 
threads), piriform silk and tubuliform silk (outer egg sac) are six different silk fibers 
that a spider can produce, as shown in Fig. 6 [53]. Wool, hair, and feather fibers 
are different from silk fibers in many perspectives. The first group of fibers contains 
keratin protein which growth from an external skin layer like a goat, sheep or chicken. 
The silk fiber is a protein fiber from the silk glands of an insect.
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Fig. 5 Structure of a regular chicken feather

Fig. 6 The spider silk types, and their applications 

5 Mineral Fibers 

Asbestos is the only natural mineral fiber used as reinforcement. Asbestos is a broad 
name used for a cluster of silicate minerals that naturally appear in fibrous form. 
Chrysotile, Actinolite, Amosite, Anthophyllite, Crocidolite, and Tremolite are six 
principal asbestos minerals. These six types divide into two leading mineral groups: 
amphibole and serpentine asbestos. The serpentine group has a layered silicate struc-
ture, and the amphibole group has a chain structure [54]. The significant distinction
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between amphibole and serpentine asbestos is fiber appearance. Serpentine fibers 
are flexible, twirly, and long while amphibole fibers are inflexible, linear, needle-
like, and short. Asbestos materials are either brittle or non-brittle, depending on how 
easily the material can be broken down by hand. Brittle asbestos can granulate or 
break by hand, but non-brittle asbestos cannot granulate or break by hand and may be 
ground by sanding, cutting, or sawing. Asbestos use peaked towards the late 1900s. 
Earlier, asbestos was applied primarily for fireproofing and heat resistance in various 
products. The mineral was utilized in roofing, flooring, cement, insulation, and fire-
proof products [55]. From the 1930s to the 1970s, the extraction and application of 
asbestos were widespread, but animal studies reveal that inhalation of asbestos can 
result in lung cancer, pulmonary fibrosis and mesothelioma [56]. Asbestos fibers are 
harmful when inhaled or ingested and accumulate in organ linings and tissues. In 
1979, these health concerns forced manufacturers to use securer asbestos alternatives 
based on asbestos regulations. The use of asbestos has been limited or forbidden in 
the U.S. and several other countries, but in developing countries, the use of asbestos 
continues to increase. Brittle products generally cause more of a health hazard than 
non-brittle asbestos. 

Chrysotile also is referred to as white asbestos, and it is one of the most typically 
found types of asbestos. No type of asbestos is safe for humans, but chrysotile is not 
the most fatal for raw exposure. Actinolite was popular for embedding in gardening 
materials, diverse shapes of fireproofing, and insulation products. Actinolite fibers 
are microscopic and can readily pierce the lungs, much like most other shapes of 
asbestos, making it very harmful to respire in. Due to Amosite’s appearance being 
similar to a rich, dark wood in terms of color, it is called brown asbestos. Amosite 
doesn’t absorb water very well. Anthophyllite contains extremely firmly packed 
mineral-based fibers, much like some other shapes of asbestos, and respiring in or 
handling the material can be too toxic, especially to those with pre-existing lung 
diseases. Crocidolite is the most fatal and detrimental kind of asbestos. Crocidolite 
has a fairly blue tint and is soft. Any shape of direct exposure to this material is 
seriously toxic. Tremolite is one of the most aged and old-time shapes of asbestos 
that was used. It has been used since at least the late 1780s. Like other shapes, it can 
beget everything from lung cancers to forms of mesothelioma. 

6 Physical and Mechanical Properties of Natural Fibers 

The physical properties of the natural fibers influence their mechanical character-
istics. Natural fibers, mainly plant fibers, that have the most application as rein-
forcement in poly (vinyl chloride) in industries compared to other types, have lower 
mechanical properties and strength than synthetic fibers such as glass and carbon 
fibers. They also have a lower density than synthetic fibers. The specific proper-
ties, stiffness and strength of natural fibers are analogous to the values of man-made 
fibers because of their low density. Cellulose content and microfibrillar angle specify 
plant fibers’ mechanical properties. Growth of diameter in natural fibers reduces
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Young’s modulus. Increasing cellulose content and decreasing low microfibril angle 
make plant fibers more suitable as reinforcement in polymeric-based biodegradable 
composites. The physical and mechanical properties of some common natural fibers 
are listed in Table 2 and compared to man-made fibers. 

The matrix and reinforcement interaction at the interface is recognized as interfa-
cial bonding. Four kinds of interfacial bonding exist, namely mechanical interlocking, 
interdiffusion bonding, chemical bonding, and electrostatic bonding, as illustrated 
in Fig. 7 [60]. The interdiffusion bonding is referred to as the Physical adhesion 
interface. Wettability is a powerful governing mechanism of Interdiffusion bonding. 
In interdiffusion bonding, optimum surface energy and polarity on both matrix and 
fibers form enduring adhesion through covalent, electrostatic forces, and Van der 
Waals. Plant fibers have non-polar waxes on their surface, with somewhat lower 
surface tension. Polar components such as lignin and fats have more surface tension 
than non-polar waxes [61]. The entry of molten polymer into micron-diameter holes 
on the coarse fiber surface causes mechanical interlocking. Electrostatic adhesion 
results from the attraction of positive (cations) and negative (anions) charges for 
creating the interface. Covalent and ionic bonding between atoms forms the interface 
of the matrix and fibers in a chemical bonding.

Table 2 Physical and mechanical properties some natural fibers [57–59] 

Fibers Length 
(mm) 

Diameter 
(μm) 

Density (g/ 
cm3) 

Young’s 
modulus 
(GPa) 

Tensile 
strength 
(MPa) 

Elongation 
(%) 

Flax 4–140 5–76 1.27–1.55 27 345–1500 3–4 

Kenaf 1.5–11 12–50 0.15–0.55 23–27 215–930 3.4 

Hemp 8–55 5–40 1.48 32 550–900 1.6 

Ramie – – 1.5–1.56 22 220–938 1.2–3.8 

Jute 1–5 5–30 1.46 20–25 393–800 1.8 

Sisal 0.5–8 4–47 1.33 17–22 400–700 4.3 

Pineapple – – 1.25–1.60 50–71 170–627 0.8–14.5 

Abaca 2–12 6–46 1.5 41 12–980 1.6 

Cotton – – 1.54 6–10 287–597 3–10 

Coir 150–300 10–30 0.67–1.15 4–13 175–220 1.17–2 

Bagasse – – 1.45 15–19 3–7 

Bamboo – – 0.8–1.32 35.45 140–230 16 

Wood 1–6 10–50 1.5 1000 

Wool – – – 2.3–3.4 120–174 25–35 

Spider silk – – – 11–13 875–972 17–18 

Eglass – – 2.5 70 2000–3500 2.5–3 

Aramid – – 1.4 63–67 3000–3150 3.3–3.7 

Carbon – – 1.4 230–240 4000 1.4–1.8 
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Fig. 7 a Molecular inter diffusion, b electrostatic bonding, c mechanical interlocking, and 
d chemical bonding 

Interface bonding can primarily influence the properties of fiber-reinforced 
composites. A lousy interface may have a notable decline in mechanical and thermal 
properties. It mainly relies on the compatibility of the matrix with the reinforcements 
and the surface conditions of the reinforcements. Micro-mechanical techniques, 
Spectroscopic techniques, microscopic techniques, and thermodynamic methods are 
four methods that can characterize the interface [61]. Numerous treatments have 
been applied to the composites to enhance physical, mechanical, and thermal char-
acterizations and establish good compatibility between matrix and reinforcement. 
Physical treatment methods include discharge and radiation treatments such as UV 
radiation, corona, plasma radiation, and gamma which have considerable utilization 
in the treatment of plant fiber composite. Physical treatments alter surface properties 
and the structure of the plant fibers. A typical gamma radiation treatment is identified 
to deposit energy on the plant fiber in the composite, producing radicals on the cellu-
lose chain by hydroxyl and hydrogen abstraction, ruptures of some carbon–carbon 
bonds, and chain scission. Irradiation of matrix polymers in the existence of oxygen 
causes the production of peroxide radicals simultaneously. These active zones in 
both matrix and fiber made by the gamma radiation cause better adhesion between 
the fiber and polymer matrix [62]. Plasma treatment utilizes the elements like high-
energy photons, electrons, ions, radicals, and exciting species to improve the surface 
properties of the plant fiber and polymeric materials. The improvement of plant 
fiber by the treatment in cold oxygen plasma achieved in a corona discharge under 
optimal operating states makes the fiber semi-active for the cellulosic compounds 
that increase bonding at the interface of fibers and matrix [63]. Corona treatment 
utilizes a low-temperature corona discharge plasma to modify the surface energy. 
The sharp tip of an electrode generates the corona plasma when a high voltage is 
applied to it. The corona treatment of plant fiber forms high-energy electromagnetic 
fields near the charged points, with resulting ionization in their nearness [63].
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Chemical treatment methods include alkaline treatment, silane treatment, acety-
lation treatment, benzoylation treatment, etc. Alkaline treatment, or mercerization, 
is a popular chemical treatment method for natural fibers in thermoplastics and ther-
mosets and is usually carried out in NaOH aqueous solution. Alkaline treatment 
interrupts hydrogen bonding in the network structure, withdraws a certain amount 
of lignin, wax, and oils from the outer surface of the fiber cell wall, depolymer-
izes cellulose, and reveals the short length crystallites. Alkaline treatment breaks the 
hydroxyl groups (OH), and they react with water (H–OH), quitting the ionized reac-
tive molecules to construct alkoxide with NaOH. This chemical reaction reduces 
the hydrophilic OH groups on the surface of the fibers and increases the surface 
roughness of the fiber, as shown in Eq. (1) [58]. 

Fiber − OH + NaOH → Fiber − O − Na + H2O + impurity (1) 

Silane is an inorganic chemical compound with the chemical formula SiH4. It is a 
multifunctional molecule operated as a coupling agent to adjust fiber surfaces. Silane 
coupling agents may decline the number of interfacial cellulose hydroxyl groups. A 
routine silane coupling agent handles two reactive groups. One end of the silane 
agent with alkoxysilane groups can react with the hydroxyl-rich surface, i.e., wood 
or other plant fibers. In contrast, the other end interacts with the polymer matrix. The 
silane could react with water to create silanol, additional reacting with the hydroxyl 
groups bound to the cellulose, lignin, and hemicellulose molecules in the fiber via an 
ether connection with water removal. Furthermore, the polymer matrix could react 
with the hydrophobic adhesives in silane molecules. Thus, the hydrocarbon chains 
provided by the silane application control the fiber’s bulging by creating a twisted/ 
crosslinked network because of covalent bonding between the matrix and the fiber. 
Besides, the hydrocarbon chains were thought to influence the wettability of the 
fibers and enhance the chemical attraction of the polymer matrix; thus, treatment 
enhanced the interfacial bonding between fiber and matrix [63]. This reaction is 
shown in Eq. (2). 

Fiber − OH + R − Si(OH)3 → Fiber − O − Si(OH)2 − R (2)  

Acetylation treatment (Eq. 3) also is known as the esterification method for plasti-
cizing natural fibers. Acetylation represents a reaction presenting an acetyl functional 
group (CH3CO) into an organic blend that reacts with the fiber’s hydrophilic hydroxyl 
groups (OH) and takes out the existing moisture. Thus, the hydrophilic essence of the 
fiber is decreased. In acetylation treatment, an acid catalyst such as sulfuric acid and 
acetic acid is typically utilized to accelerate the reaction and maximize the degree of 
acetylation [63]. 

Fiber − OH + CH3 − C(= O) − O − C(= O) − CH3 →Fiber − O − COCH3 

+ CH3COOH (3)
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Benzoylation treatment is another treatment with the aim of reducing the 
hydrophilicity characteristic of plant fiber. This method employs benzoyl chloride 
to reduce the fiber’s hydrophilic essence and improve interfacial bonding. Initially, 
the plant fiber should be pretreated with NaOH aqueous solution before reacting 
between the benzoyl groups and fiber. It activates and reveals the hydroxyl groups 
on the fiber surface. Thus, the fiber can be treated with benzoyl chloride, which 
the benzoyl group further replaces. This causes fibers to find a more hydrophobic 
property and enhances fiber-matrix bonding; thus, composite strength and thermal 
stability considerably increase [64]. 

Fiber − O − Na + C6H5 − COCl → Fiber − O − CO − C6H5 + NaCl (4) 

7 Thermosets and Thermoplastics Based Natural Fiber 
Composites 

A composite is a material constructed from two or more phases that produce a 
new material with characteristics distinct from the constitutive materials. Fiber-
reinforced plastic composites, or in abbreviation FRPCs, are a contemporary cate-
gory of composite materials. When high modulus fibers add to a polymer matrix, 
plastics’ low mechanical and thermal properties enhance, and fiber’s properties 
overcome to weak properties of the plastic matrix. Glass fibers and ceramics are 
old filers and fibers utilized as reinforcement for composites. However, lately, 
organic fillers, like lignocellulosic-based and protein-based fibers, have arisen in the 
market. They offer benefits over classic inorganic fillers, such as cheapness, having 
lightweight, collected from renewable resources, accessible and biodegradable. 
These new composites have many applications, from various automotive compo-
nents to building structural pieces. Natural fibers can mix with thermoset (such 
as unsaturated polyester, phenol–formaldehyde, novolak-type phenolic formalde-
hyde, and epoxy resins) and thermoplastic (such as Polyethylene, Polypropylene, 
and Polyvinyl chloride) polymers to form composite materials. The thermosetting 
matrix comprises two or more components. A multifunctional monomer is one of 
the thermoset matrices constitutive that crosslinks the material. In thermoset matrix 
composites, fibers are saturated with blended thermosetting resins. Then, it is main-
tained at room or high temperature to harden. Vacuum infusion, modified lay-up/press 
molding, pultrusion, hand lay-up, and resin transfer molding (RTM) are accepted 
manufacturing methods for Composites with thermosetting matrices. Thermosetting 
resins have high impact resistance but cannot be reshaped after curing or polymer-
ization. The combination of untreated natural fibers and thermoset matrix causes 
inefficient interfacial bonding due to the existence of a hydroxyl group. Cured ther-
moset matrix can turn into particles as recycling prosses reused as fillers in new 
laminates or other products. As mentioned earlier, natural fibers can be utilized as
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reinforcements in thermoplastics. Thermoplastic matrixes don’t need to cure, and 
they have less hazardous chemical constitutive components. Besides, the recycling 
of these polymers is easy and convenient. These advantages of thermoplastics over 
thermosets cause thermoplastics to find significant attention as polymer matrices. 
Also, thermoplastic composites can reshape after fabrication. Injection molding, 
vacuum forming, extrusion, rotational molding, and compression molding are some 
fabrication methods for thermoplastic resins. Extrusion, compression molding and 
injection molding are more common fabrication methods in comparison to other for 
thermoplastic base composites. 

Compression molding is proper for industries such as automotive, which need 
mass production volume. Cooled compression molding and hot compression molding 
are two types of this process. Polypropylene (PP), polyether ether ketone (PEEK), 
Poly (Vinyl Chloride) (PVC), and polyamide are some thermoplastic matrixes that 
can be used. Wirawan et al. used compression molding to fabric sugar cane bagasse 
and poly (vinyl chloride) (PVC) composite specimens. They placed materials into 
the mold under pressure at a temperature of about 170 ◦C for 12.5 min, and then the 
sample was cooled under pressure to room temperature. 

Injection molding is used frequently to manufacture plastic components. Compos-
ites that are fabricated using this method should contain only short fiber in the form 
of powder and particles. In this method, a twin-screw extruder prepares the injection 
molding compound granules. Then a heating process in a barrel melts the granules, 
and the molten composites transfer to a mold to form the desired shape. After cooling, 
the part is ejected from the mold. Kiani et al. used the injection molding method to 
fabricate PVC-based natural fiber composites. They used pulp fiber and wood flour as 
reinforcement and studied the water resistance and thermal stability of components. 
Fibers were milled to the size of 345 μm. 

The extrusion process is similar to Injection molding, but the molten composite 
extrudes continuously through a nozzle and makes a component with a constant cross-
section profile. The extrusion method has the capability of using long fibers, and this is 
an excellent advantage over the injection molding method because using long fibers 
create incredible strength. Zolfaghari et al. used the extrusion process to prepare 
wood plastic composites reinforced with continuous glass fibers and high-density 
polyethylene (HDPE) as the matrix. 

8 Natural Fiber Composites Applications 

In addition to stiffness and lightweight properties, natural fibers can be used as a 
good insulator in thermal or acoustic applications. Due to these advantages, they 
can be applied in many applications such as doorframes, partitioning, false ceil-
ings, and surface paneling which are parts of the construction industry. In 1941, 
Henry Ford used natural fibers (flax and hemp fibers) in the automotive industry 
[65]. Interior automotive parts, i.e., cushioned seats, door panels, and cabin lining, 
are some applications of biodegradable composites in the Automotive industry. In
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2016–2017, the biggest contribution of the natural fiber composite market belonged to 
the automotive and construction industries. Sporting equipment, packaging, Aircraft 
components, electrical parts, and biomedical industries are more applications of 
these composites. Due to low durability in wet areas, some applications like piping, 
boats, and kayaks are not safe for these composites. Low mechanical properties and 
low durability in wet areas are two major limiting factors in applying biodegradable 
composites. Because of the governmental regulations about using eco-friendly prod-
ucts, the natural fiber composite market’s worth is expected to attain $46.3 billion 
by 2025. Tecnaro GmbH (Germany), FlexForm Technologies (USA), Fiberon LLC 
(USA), Trex Company Inc. (USA), Meshlin Composites ZRT (Hungary), Jelu-Werk 
J. Ehrler GmbH & Co. KG (Germany), UPM (Finland), Green Bay Decking (USA), 
Toray Industries Inc. (Japan), Universal Forest Products Inc. (USA), and Owens 
Corning (USA) are some of the existing foremost companies in the global natural 
fiber composite market [65]. 

9 Natural Fiber Poly (Vinyl Chloride) Composites 

Over the last few decades, many articles have been reported in biocomposite mate-
rials. It indicates the growing appeal of using natural fiber as a substituted rein-
forcement for glass, carbon, and other synthetic fibers in composites. Environmental 
issues are one of the principal causes of this interest. It has minor ecological damage 
at the production and processing stages and less waste than any synthetic fiber. Low 
cost, lightweight, and good thermal or acoustic insulator are other reasons. Both 
thermoplastic and thermoset polymers can reinforce with natural fibers. In the case 
of thermoplastic polymers, the temperature is one of the main parameters which 
limit the production of biodegradable composites. Natural fibers cannot fabricate at 
too high temperatures, and thus there are restricted thermoplastic polymers that can 
use with natural fibers without degradation of fiber properties. Poly (Vinyl Chlo-
ride) (PVC) is a thermoplastic resin that can be used with different natural fibers to 
produce partially biodegradable composites. It can have flexible and rigid forms. The 
rigid form of PVC is a high-strength thermoplastic polymer and is highly resistant 
to corrosive liquids. The wide application of PVC is due to a combination of these 
attributes with the low price of PVC. Like other thermoplastics, PVC is a pollutant 
polymer with environmental and safety issues. It generates some harmful chemicals 
in the environment, such as hydrogen chloride and dioxins, when it is processed 
or decomposed. However, due to the economic advantages of this thermoplastic, 
the growth of PVC is unstoppable. Blending PVC with natural fibers could reduce 
the environmental issues and health effects caused by the usage of PVC and may 
increase the growth rate of PVC production. Besides, it simultaneously develops 
the advantages of the composites. Nowadays, Unfilled PVC has many applications, 
such as electrical plugs and fittings, window and door lines and blinds, fencing, and 
decking applications. Most of these PVC products can be made from natural fiber
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PVC composites. As in other biodegradable polymer-based composites, compati-
bility is a significant challenge in natural fiber PVC composites, reducing the quality 
of the final products. common treatment methods can apply to PVC-based partially 
biodegradable composites to enhance their properties. Natural fibers used with poly 
(vinyl chloride) in recent studies are listed in Table 3. The variety of natural fibers 
used with PVC show that this thermoplastic is a good candidate to mixing with 
natural fibers to make biodegradable composites. About 22% of reports which is 
investigated, show that wood fibers are main natural fiber reinforcement for mixing 
with PVC (Fig. 8). Date palm, rice Straw, rice husk, bamboo, Sugarcane Bagasse 
also used in many studies but their contribution is lower than wood fibers. In addition 
to plant fibers, mixing PVC with Animal fibers and reinforcements have got many 
attentions in biodegradable composites filed. Chicken feathers, egg shell, cow horns, 
leather fiber are animal fibers or fillers used with PVC matrix. However, studies 
on mixing PVC with animal fibers compared to Plant fibers have lower variation. 
Approximately, 88% of investigations is about plant reinforcement and only 12% of 
them is dedicated to Animal reinforcement, as shown in Fig. 9.

Wood Polymer Composites (WPC) have been increasingly utilized in the modern 
construction segment for four decades. The market for PVC-based WPCs is the most 
favorable one among various plant fiber-reinforced polymer composite markets, with 
a growth rate of 200% from 2002 to 2010. Over 80% of natural fiber-reinforced 
composites are created from wood fibers. Window profiles, door profiles, decking, 
railing, and siding are equipment made from PVC-based WPCs and have the prospect 
of being cut, sawed, nailed, screwed, and processed. The advantages of wood are low 
density, excellent mechanical properties, good biodegradation, non-toxic, recyclable, 
and aesthetically pleasing. UV radiation, biological attack, degradation from high 
temperatures, and the air moisture content are disadvantages of wood. Due to thermal 
degradation, wood is only suitable for some types of plastic, such as PVC, PE, and 
PP. Also, it is challenging to reach strong adhesion between hydrophilic cellulose and 
hydrophobic polymer like most plant fibers. Wood fiber and wood flour are common 
wood reinforcement shapes for mixing with PVC. Wood density is the significant 
distinction between hardwood and softwood. Hardwood trees usually have sluggish 
growth and are regarded as angiosperm, deciduous trees. Their leaves are shed yearly, 
which causes denser wood than softwood. Softwood trees are gymnosperms (they 
are evergreen trees), and thus they do not shed their leaves. 

Sombatsompop et al. [90] investigate the influences of cross-section configuration 
and testing conditions (span length,loading directions, and rate of loading) on the 
flexural properties of wood/PVC composite beams. They produced samples by an 
industrial-scale twin-screw extruder. Wood sawdust particles used had an average 
size of 100–300 μm. They used chemical treatment and treated wood fibers with 
1.0 wt% of N-2(aminoethyl)-3-aminopropyltrimethoxysilane. To make wood fibers 
dry, they kept at 80 for 24 h, and the weight of the fibers became constant. PVC and 
dried wood fibers are mixed utilizing a fast mixer for 2 min, then the mixture melt 
in a twin-screw extruder. The diameter of the screws was 90 mm, and the length of 
it was 3,240 mm. Five different cross-sections of WPVC samples were used to test. 
A cooling system and a size control device were used to solidify samples and give
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Table 3 Some natural fiber PVC composites 

Reinforcements Treatment 
methods 

Shape Fabrication 
methods 

References 

Plant reinforcement 

Cotton Alkali treatment, 
CE 
treatment 

Very fine sizes Extrusion, 
compression 
molding 

[66–69] 

Date 
palm\Leaf\Kernel 

Alkaline 
treatment, silane 
treatment 

Very fine sizes Compression 
molding, 
extrusion 

[27, 35, 70–72] 

Sorghum straw Alkaline 
treatment 

Very fine sizes Extrusion [73, 74] 

Banana Alkaline 
treatment 

Very fine sizes Compression 
molding 

[75, 76] 

Kenaf Alkaline 
treatment 

Very fine sizes Compression 
molding 

[77–79] 

Wood Silane treatment, 
maleic 
anhydride 
treatment 

Very fine sizes Compression 
molding, 
extrusion 

[26, 80–94] 

Jute – Plane woven, 
152.4 mm 

Compression 
molding 

[95–97] 

Oil palm empty 
fruit bunch 

– Very fine sizes Compression 
molding 

[98] 

Rice straw Silane treatment, 
alkaline 
treatment 

Very fine sizes Compression 
molding 

[99–101] 

Rice husk Benzoylation 
and alkaline 
treatment 

Very fine sizes Compression 
molding 

[102–105] 

Coconut shell Alkaline 
treatment 

Very fine sizes, up 
to 3–4 mm 

Extrusion, 
compression 
molding 

[28, 30, 106] 

Bamboo Alkaline 
treatment 

Very fine sizes, up 
to 1 mm 

Compression 
molding 

[29, 107–110] 

eucalyptus Alkaline 
treatment 

Very fine sizes Extrusion [111] 

Alfa fiber – Very fine sizes Compression 
molding, Injection 
molding 

[112–114] 

Sugarcane 
Bagasse 

Alkaline 
treatment, H2O2 
and ultrasonic 
treatment 

Very fine sizes, up 
to 10 mm 

Compression 
molding 

[115–117]

(continued)
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Table 3 (continued)

Reinforcements Treatment
methods

Shape Fabrication
methods

References

Sisal fiber Benzoyle 
peroxide 
treatment 

Very fine sizes Compression 
molding 

[118] 

Citrus maxima 
fibers 

– Particle Solvent casting 
method 

[119] 

Raspberry 
pomace 

– Particle Compression 
molding 

[120] 

Olive husk – Very fine sizes Compression 
molding 

[121] 

Animal reinforcement 

Chicken feathers – Very fine sizes, up 
to 4 mm 

Extrusion, 
compression 
molding 

[122–125] 

Egg shell – Very fine sizes Compression 
molding, 
extrusion 

[126–128] 

Cow horns – Very fine sizes Extrusion [106] 

Leather fiber – Up to 2 mm Extrusion [129] 

Fig. 8 Natural fibers contribution to mixing with PVC matrix
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Fig. 9 Plant fiber PVC composites versus animal fiber PVC composites

them better mechanical characterizations. They showed that due to changes in the 
inherent properties of the WPVC during processing, the form of the cross-section 
significantly influenced the flexural properties. The number of hollow cores, the 
thickness of flanges and webs, and the density of the WPVC composite were the main 
parameters that affect the flexural properties of samples in different cross-sections. 

Kiani and Ashori [93] studied the results of two variable factors, namely the filler 
shape and filler loading level, on the physical characteristics of composites based 
on polyvinyl chloride (PVC), pulp fiber (PF), and wood flour (WF). Fibers had a 
size of up to 354 and then were dried to less than 3% moisture content. Hybrid 
composites were constructed with wood fiber plus pulp fiber to a PVC mass ratio of 
40/60 (w/w). Natural fibers (wood and pulp) were mixed with PVC by a co-rotating 
twin-screw extruder at a melt temperature of 185 and speed of 60 rpm. The extruded 
strand was passed through a water bath, granulated, and dried at 105 for 24 h to 
remove any moisture. Later, the consequent granules were injection molded at 190 
to create standard ASTM specimens. They found that the water absorption in the 
lignocellulosic material base composites is extremely higher than the unfilled PVC, 
and the water absorption rose sharply with raising cellulosic filler loadings in the 
composites. 

Hosseini [89] evaluated the influences of Dioctyl phthalate (DOP) and various 
densities on the physical and mechanical characteristics of PVC-based wood flour 
composite panels utilizing a traditional flat-press method under laboratory states. 
They measured Hardness, tensile strength, water absorption, and thickness swelling. 
Wood flour has dimensions of 25-mesh. Wood flour was dried at a temperature of 103 
for 24h. The moisture of fibers reached 2% in oven-dried prosses. They mixed wood 
flour and the PVC powder, and then the mixture was shaped into a mat on an aluminum 
plate using a forming box. Each mat was then hot-pressed by a manually controlled 
electrical-heated press. The maximum press pressure, pressing temperature, and total 
press cycle were 50 kg/cm2, 180, and 25 min, respectively. The board was removed 
from the press for cooling at the end of the press cycle. Hardness and tensile strength
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increase by decreasing DOP content and increasing density. Also, reducing DOP 
content and increasing density decrease water absorption. 

Shankar et al. [81] studied the mechanical properties of WPCs. Their samples 
were created by mixing teak wood flour (wastes got from wood cutting mills), 
polyvinyl chloride (PVC), and Calcium Carbonate as significant ingredients. Teak 
wood powder of size 50 μm was used as wood-based filler, and PVC of size 212 μm 
and calcium carbonate were used as matrix and mineral fillers, respectively. Fabri-
cation of WPC is done using the extrusion process. In the hot mixing chamber, raw 
materials were melted and mixed thoroughly at 350 rpm for 4 min at 110 °C to 
form a homogenous paste-like mixture. The mixture from the hot mixing unit was 
transferred to the cold mixing chamber maintained at ambient temperature and again 
mixed thoroughly at 350 rpm for 3 min to convert the mixture to the amorphous 
form suitable extrusion process. The raw material required for WPC preparation was 
further fed to the hopper of the extrusion equipment. The various temperature levels 
maintained across the barrel were, feeding zone at 150 °C, melting zone at 155 °C, 
mixing zone at 158 °C, and molding temperature at 172 °C. These temperature zones 
helped to produce the product with less porosity and a good surface finish. Extruded 
part of WPC was hot with a temperature of 170 °C approximately, making cooling 
essential. The indirect cooling method was preferred by maintaining the cold water 
outside the dies to achieve dimensional stability primarily. They determined ultimate 
tensile strength, compressive strength, flexural modulus of rupture, and maximum 
impact strength of WPC as per ASTM standard testing method D 4761-19. 

Arthur et al. [26] investigated some mechanical properties of PVC-Wood fiber 
composite. The sample was molded and formed at a temperature of 150 using a 
hydraulic hot press and pressure of 3bar for 5 min. The mechanical properties of the 
composite were analyzed based on changing the wood fiber contents from 0 to 50%. 

The worldwide production of date palm fiber yearly is 42% more than coir and 20– 
10% more than hemp and sisal, which are popular fibers for biodegradable compos-
ites. Surface modification of palm date fibers is essential to refine and cleanse the 
surface of the fibers from many pollutants and improve the bonding of fiber and 
matrix. Date palm fiber is one of the more available natural fiber resources and 
includes appropriate chemical constituents. It has better mechanical strength than 
other natural fibers. It contains polysaccharides cellulose in 38–40%, lignin in a 
negligible share, and rarely fat, wax, pectin, inorganic substance, etc. These fibers 
can be mixed in both thermoset and thermoplastic matrixes. 

Awad et al. [35] investigated the effect of date palm fiber dimensions on the 
mechanical and physical properties of composites. Properties that they covered in 
their work include the tensile strength, flexural strength, impact strength, moisture 
absorption, water absorption, and thickness swelling of four different fiber loading 
contents and six diverse fiber diameters. Properties were analyzed in 10, 20, 30, 
and 40 wt% content of fibers, and dimensions of fiber varied in ranges of less than 
125 μm to unsieved fibers, which was bigger than 1000 mum. Fibers were washed 
with distilled water to clear pollutants from the surface of the fibers, and then they 
dried at 60 °C for 24 h. Also, the PVC powder was dried at 60 °C for 24 h to 
confirm that the polymer had minimal moisture content. They used melt-mix blending
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and compression molding processing technologies to prepare samples. The flexural 
strength, tensile strength, and impact strength were reduced as the loading content 
raised. The maximum reduction of properties was at 40 wt% loading, changing 
depending on the dimension of the fibers. 

Maou et al. [70] investigated the mechanical, morphological, and thermal proper-
ties of composites based on PVC/Date Palm Leaf Fiber (DPLF). DPLF was washed, 
grounded, and sieved. The sieved wood was dried at 50 to 3–4% moisture content in 
a laboratory oven. Processing temperature varied from 135 to 170, and compression 
molding press at 150 for 2 min at a mechanical pressure of 300 bar. 

10 Natural Fiber Poly (Vinyl Chloride) Nanocomposites 

One of the exciting topics in composite materials is the usage of different nanoscale 
fillers with different composites, which lead to improvements in mechanical and 
physical properties. Nanofillers have at least a dimensional property in the nanoscale 
and can be in the shape of a rod (1D), plate (2D), and sphere (3D). Based on the 
shape of the nanofillers, polymeric nanocomposites can be categorized into three 
main types. The first type has nanofillers with two dimensions in the nanoscale, and 
one dimension is significantly larger than the others, like carbon nanofibers. The 
second type of nanocomposites is mixed with nanofillers with one dimension in the 
nanoscale, such as MXene, layered silicate, and graphene. The third type contains 
nanofillers, such as spherical silica, with three-dimensional aspects in a nanometer 
scale. Proper dispersion of nanofillers in a polymer can create an ultra-large interfacial 
area per unit volume between polymer and nanofillers. The large interface between 
polymer and nanofillers and the molecular distance between nano elements can create 
superior properties in nanocomposites. Mixing nanoparticles with natural fibers and 
polymer matrix enhances the properties of the biodegradable composites, including 
thermal and mechanical properties, dielectric behavior, tribological properties, and 
corrosion resistance. Thus, the problems that limit the application of biodegradable 
composites will be reduced. 

Dutta and Maji [130] studied rice husk PVC composite with montmorillonite clay 
(MMT). They used polyethylene-grafted maleic anhydride (PE-g-MA) as a compat-
ibilizer to improve adhesion between rice husk and PVC. Rice husk fibers were 
treated using soap solution, a mixture of alcohol and benzene, and NaOH solution in 
an ordered process. Fibers were ground and passed through a 50-mesh sieve. They 
mixed 40 parts per hundred rice husk fibers with 60 parts per hundred PVC, 5 parts per 
hundred PE-g-MA, and 2–10 parts per hundred montmorillonite clay. Samples were 
prepared by compression molding at 190 and 6 min under 5–6 tons. Results show 
an improvement in flexural and hardness properties with the addition of MMT to the 
polymer matrix. They also studied thermal and other physicochemical properties. 

Allahbakhsh [100] studied the effects of sodium dodecylbenzene sulfonate 
(SDBS)-modified graphene oxide nanosheets on the viscosity of PVC reinforced 
rice straw in mixing prosses. The addition of these nanosheets to the mixture caused
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low morphological defects in the composite and thus improved the morphological 
and structural characteristics. They reported that the existence of 1 phr (SDBS)-
modified graphene oxide nanosheets in PVC/RW composite with 15 phr RW fibers 
enhances the ultimate tensile strength of the product by more than 41% compared 
to the same PVC/RW composite without any nanosheets. Also, they showed that 
PVC/RW/(SDBS)-modified graphene oxide nanosheets nanocomposite can be an 
acceptable isolating material for related applications. The electrical conductivity of 
this nanocomposite is between 10–9 and 10–5 s/m. 

11 Summary 

This study briefly studied biodegradable composites and especially PVC-based 
partially biodegradable composites. Recent research shows that poly (vinyl chloride) 
is a suitable matrix for most natural fibers, including plant and animal fibers. Mineral 
fibers (asbestos), due to their health issues, haven’t significant usage in biodegradable 
composites. Wood fibers have the most contribution to the reinforcement of PVC, and 
their composites have many applications in construction industries. Extrusion and 
compression molding are two popular fabrication methods in PVC-based biodegrad-
able composites. Silane treatment and alkaline treatment are two treatment methods 
used in many studies. However, other treatment methods, like Benzoylation, also 
was used. PVC is one of the highest-strength thermoplastics and is highly resistant 
to corrosive liquids, but like many other thermoplastics, it can pollute the environ-
ment. Mixing natural fibers with PVC cause a low need for this plastic and thus 
low production and pollution. Besides, the advantage of PVC will be improved by 
the advantage of composites. Mixing nanoparticles with natural fibers and polymer 
matrix enhances the properties of biodegradable composites. 
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