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Abstract

In recent decades, the focus on the green composite speedily increases because they are low toxic, cheap, and available. A
combination of naturally sourced polymetric polymer, suitable filler and excellent wettability and good filler/matrix
interaction, synthesized with advance method and techniques appropriate to develop biocomposite with improved
properties for different applications in marine, railway, construction and automobile industries. Although several naturally
sourced material has been combined to achieve this aim, they're much agricultural waste that is underutilized.
Nanocomposite shows acceptance for applications in different fields because the loading of small particles often of
extensive surface material with captivating properties. It offers new technology and attracted opportunities for several
sectors, such as MassTransit, automotive, aerospace, biotechnology, and nanotechnology industries. The combination
nanofiller in natural fiber-filled composite enhances properties through the synergistic effect between the fiber and filler.
This review provides information about various classes of natural fibers, nanofiller, based composite, nanocomposite, and
natural fiber/nanofiller-based hybrid composite with specific concern to their applications. It also provides a summary of
the emerging new aspects of milling techniques for synthesizing CaCOj3 from snail shells and its application for developing
hybrid composites for the sustainable and greener environment.
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1. Introduction

The development of new materials with new required
properties for a specific application by the process of
combining different materials known as composite is
becoming more attractive. This composite materials
attractiveness is because composite is not found in nature
directly, but formed through engineering [1-3]. Final product
developed from the combination of two or more material
constituents with different properties often results in a
lightweight structure having superior stiffness and tailored
properties for a specific application, where saving weight,
better strength, and reduced energy are required [4]. It is well
known that the two main components of composite are matrix
and fiber/filler, fiber/filler serves as a reinforcement and
matrix serve as a binder that bond fibers together to form a
composite. Matrix imparts rigidity to composite, which aid
reinforcement strength for supporting high tensile loads [5, 6].
In the composite system, fiber often serves as load-carrying
mechanisms that make application of stress on composite
most times results in the transfer of loads from one fiber to
another, glued together in a matrix. Matrix stiffness
commonly goes together with brittleness; however, the
combination of matrix and fiber produce a final composite
with superior properties for specific applications. This
composite may fail through different mechanisms, including
but not limited to brittle cracking and extensive loading of
fiber matrix. The limited amount of matrix at the fiber
interface and fiber orientations may also be related to
composite failure [7].
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The introduction of organic or inorganic fillers to
composite has been proved not only to provide solutions to
the above-mentioned composite failure challenges but also to
be an effective way to improve mechanical strength and
stiffness of materials [4, 8, 9]. However, the effectiveness of
filler loading on composite properties development often
depends on the volume or percentage adopted [9]. Based on
tremendous existing knowledge and experience derived from
the characterization of synthetic fiber composite, the
mechanical behavior of bio-composite has been studied.
Naturally sourced fibers from plant and animal fiber
composites have been widely investigated. Several kinds of
research have provided information on mechanical properties
such as impact, flexural, and tensile properties of plant fibers
composite [2-5, 10]. These plant fibers studied include but not
limited to, sisal, hemp, jute, pineapple, and coir.

According to Brouwer [11], composite has been used far
back in the ancient days. Beginning in about 3000 years ago,
Egyptians combined straw and clay in composite systems to
build walls. In this case, straw was used as reinforcement,
while clay serves as both filler and matrix when water is
introduced. The strength and stiffness offered by the final
material result in fast development and usage of composite,
which led to an increase in the production of synthetic
composites in 1940 [12], which are still on till date. However,
growing in the realization of the interconnectivity of global
factors. These factors include but not limited to eco-
efficiency; the principle of sustainability, green chemistry,
industrial ecology, and engineering are being incorporated
into the development of new materials, processes, and
products for immediate and next generations [6, 12, 13].



Gbadeyan Oluwatoyin Joseph, Sarp Adali, Glen Bright and Bruce Sithole/
Journal of Engineering Science and Technology Review 14 (5) (2021) 61 - 74

2. Biocomposites

The stimulated awareness relating but not limited to the
energy-intensive and unsustainable production processes of
the reinforcing synthetic fibers and plastics triggered stringent
policies to end the continued use of fiber reinforcement
polymer (FRPs) in the EU [14, 15]. Furthermore, limited
recyclability and end-of-life disposal options of FRPs raised
several concerns. These concerns become barriers to the
development of synthetic fiber-filled composite because of
the catastrophic destruction they have on the ecosystem [6,
16]. The integrated policies of manufacturing composite
provided composite science and genetic engineering
processes with safe strategies to protect our environment.
These policies offer significant opportunities for developing
materials from biobased resources that support global
sustainability [3, 4].

Composite materials, especially biocomposites from bio-
fibers, bio-fillers, and bio-polymers, are considered to be one
of the most suitable for the global sustainability shift. These
bio-materials extracted from renewable agricultural and
forestry feedstocks, including wood, agricultural waste,
grasses, and natural plant fibers. The final biocomposite
produced for the combination of these fibers/fillers has been
used for several industrial products for durable goods
applications. Biocomposite can be used alone, or combine
with other material as a compliment. The exciting aspect of
composite materials is that they can be tailored, modified, and
designed to meet several application requirements (Fig. 1).
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Fig. 1. Classification of bio-composite [13, 17].

Additionally, since natural fibers are recyclable,
biodegradable, and cheap, biocomposite can be manufactured
from a renewable source, which makes possible motivation
for the development of non-toxic and environmentally
friendly materials. This motivation surely will help in
reducing environmental problems. The development of
biocomposite has increased the high-tech revolution in recent
decades, also served as a response to an increase in the quest
for the development of recyclable, sustainable, and biobased
materials. The combination of bio-based matrix and natural
plant fibers has been proved to produce a low-cost composite
that possesses the genetic properties of the constituents.

Material composed of natural/bio-filter or fibers and bio-
based resin is a viable alternative to fiberglass composite,
predominantly in building, packaging, and automotive
application. Likewise, food product industries draw more
interest in using biobased material to reduce cancer. It has also
become one of the fastest-growing additives for thermoplastic
and thermosetting polymers [13, 18, 19]. Recent
enhancements in bio-composite development have offered
researchers opportunities to developed several biobased
composites[10, 20-23]. Stiffness and strength of reinforced
fibers and matrices suitable for the development of bio-
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composite have been studied extensively [20, 22, 24-30].
However, the incompatible nature of fibers hydrophilic and
hydrophobic matrix combined harm fiber-matrix adhesion,
which ultimately results in poor mechanical properties.
Several investigations have been conducted to solve
compatibility, wetting of this fiber by matrix, loading
optimization, and critical length of the filler/fiber, which
eventually have a potential effect on the strength and stiffness
of final composite material [31-33].

Andersons et al.[34] investigated flax and thermoplastic
matrix composites for determining the strength and stiffness
of composite material under uniaxial tension. This study
affirmed that relative fiber length determines the sensitivity
of strength model to the matrix and adhesion properties. This
discovery suggested that a more sophisticated strength model
such as critical fiber length and loading optimization should
be considered in the case. With this understanding, Awal et
al. [35] developed biocomposite fiber from the combination
of wood pulp and polypropylene (PP) using the extraction
process.

The generated fiber was investigated to understand the
nature of relations of wood pulp reinforcement with a
polypropylene matrix. The results show fiber length lies
between 0.2-1.0, which may be classified as critical length for
the study. A favorable fiber-matrix adhesion and chemical
linkage for improved strength were observed. This outcome
is evidence that compatibility, critical length of the fiber, and
fiber-matrix adhesion plays a significant role in the
improvement of mechanical strength and stiffness of
biocomposite.

3. Applications of biocomposites

Environmental sustainability, eco-friendly, green chemistry,
and industrial ecology offered by natural composites, known
as biocomposite, are controlling the manufacturing of next-
generation materials, processes, and products [36]. Besides,
the increase in global environmental, high percentage
collapse of petroleum resources, and social concern brought
biocomposite to the limelight. Similarly, innovative eco-
friendly regulations have pushed for the search of new
composites, which are compatible with the environment. In
searching for suitable material, biocomposite found to be one
of the most suitable. This discovery has drastically increased
the use of biocomposite materials in different sectors over the
past decades. These sectors include but not limited to the
domestic sector, aerospace industries, circuit boards, mass
transit, and automobile interior applications [37]. However,
the usage of biocomposite products is limited in some other
sectors due to low mechanical strength [36]. This challenge
consequently generated several kinds of research on how to
improve the mechanical strength of biocomposite [38-44].

In this regard, several types of natural fibers from
different sources have been investigated. These fibers are
incorporated into polymer matrices to fabricate composite
materials that exhibit strength and stiffness that can contend
with the mechanical properties of synthetic fiber-based
composites. As a result of rigorous research for inexpensive
and alternative fiber led to the discovery of agriculture waste
such as plant leaf, back, and fiber composites. In this regard,
Bharath et al.[37] confirmed that fiber extracted from
agricultural wastes could be used to develop fiber-reinforced
polymer composites for commercial use and have
considerable market demand. The materials produced from
the aforementioned natural-fiber-reinforced composites are
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one of the most promising sectors for part development in
automotive, both for applications and tonnage, most
especially structural automotive parts or engineered parts.
This area is where many applications for non-woven products
and compounds are utilized, and most technically advanced.
Products engineered from these materials include package
shelves, Class A parts, boot trim panels, window panel, as
shown in Figure 2, under-the-hood parts, structural parts, and
dashboards. The major challenge is to provide more
information about these materials, their properties, their
processing requirements, and potential applications.

Moreover, these biocomposite materials are only
affordable but also reduce automobile net weight. Volvo car
affirmed that usage of Bcom powerRids reinforced composite
shown in Figure 2 could not only used in a wide range of
semi-structural interior parts but instantaneously reduce up to
50% weight when related to current standard engineering
plastics [45].

Michael Carus, Managing Director of the Nova-Institute
from Hiirth, Germany, one of the notable exhibitors
specializing in biocomposites, acknowledged the positive
projection at which this composite is developed and used for
a variety of manufacturing application. According to him, in
2012, 350,000 tonnes of wood and natural fibers reinforced
biocomposite products were produced by more than 100
companies in Europe. The majority of these products were
manufactured from wood flour and wood fibers (wood-plastic
composite) using extrusion techniques. European automobile
manufacturers used over 90,000 tonnes of these natural fiber
composite. As of 2014, both wood-plastic (WPC) and natural
fibers biocomposites (NFC) shares stretch to abovel5% of
the total composites market [48].
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Fig. 2. Biocomposite made for automobile interior part: (A) powerRibs
reinforcing automotive interior parts in Volvo Cars [45] (B) Window
panel [46] (C) Interior carpeting [47] and (C) Door [48].

A review conducted by Amar et al. [13] confirmed that
the production of materials and chemicals from biobased
feedstock is estimated to rise from 15% ~18% in 2020, and
~25% in 2030. Anticipations are that renewable resources
could be the base materials for two-thirds of the $1.5 trillion
global chemical industry production. Due to this, the United
States forestry, agricultural, chemical communities, and life
sciences established tactical visions for using plants and
agricultural remains for the production of industrial products,
and also identified the main barriers that may be encountered
during implementation. Technology measures such as Road
Map for Plant/Crop-based Renewable Resources 2020,
established by the U.S. Department of Agriculture (USDA),
as well as the U.S. Department of Energy (DOE), was put in
place to target 10% of basic chemical building blocks
ascending from plant-derived renewables by 2020. Through
these ideas, they plan to achieve more growth, targeting up to
50% by 2050 [13]. This idea provides more information about
how the natural fiber market is growing. It is also evident that
the development of natural fibers reinforced biocomposite
products is becoming an effective way to improve the
economy. These facts are eventually the drive and motivation
behind the development of hybrid nano-shell biocomposite
widely. Since biocomposite is the combination of matrix and
natural fiber, it is imperative to review the sources and
composition of natural fiber.

4. Natural fibers

Natural plant fibers are made up of lignin and cellulose,
protein, and vegetable oil, as well as carbohydrates such as
sugars and starch. These constituents are often used for
producing new materials and chemical products [16].
Furthermore, these green materials possess environmental
benefits with various types of cellulose and fibers suitable for
the development of reinforced composite [49-55]. According
to Joshi et al. [14], natural fiber-based composites are mostly
expected to be environmentally friendly than synthetic fiber-
based composites in most cases due to the following reasons:
(1) Manufacturing of natural fiber often has lower
environmental impacts than glass fiber production; (ii) higher
fiber loading of natural fiber, which equivalent to
performance, reduces the amount of more polluting base
polymer composite; (iii) the usage of light-weight natural
fiber composites, particularly in automobile industries helps
in fuel efficiency and reduces emissions in the use phase of
the component, [15]; and (iv) end of life disposal of natural
fibers, consequently, results in improved energy and carbon
acknowledgments [56, 57].
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Fig. 3. Modified schematic classification of natural fibers [13].

Furthermore, advantages of natural fibers include but not
limited to excellent acoustic insulation characteristics, high
biodegradability, low CO2 emissions, and exceptional
specific modulus. On average, natural fibers are cheaper
compared to synthetic fibers. In fact, the price of natural fibers
depends on the functionality of the fiber type [58]. Meyers et
al. [59] established that natural (or biological) materials are
complex composites having outstanding mechanical
properties when considering the weaker components, from
which they are assembled.

The complex structures formation of natural fiber
becomes an inspiring material component for Researchers in
the designing of novel materials. However, natural fiber has a
drawback, which includes but not limited to high moisture,
low modulus, disintegration in a biological attack, or alkaline,
absorption, and inconsistent physical and mechanical
properties. One of the identified solutions to all these
difficulties is the chemical treatment of the fiber [60, 61]. The
chemical treatment is deliberated in the subsequent section.

4.1. Classification and Structure of natural fibers

It is well known that there are several kinds of natural fibers.
In this regard, natural fiber is classified into sub-groups for a
better understanding of their nature, origin, and sub-group.
Naturally sourced fibers are categorized into two main groups
in harmony to their background, which are plant and animal
fibers. Animal fibers either come from animal hair, for
example, wool fibers; are produced by silkworms, or
extracted from bird feathers (Fig. 3).

Moreover, nanofiller of a different particle could be
produced from mollusk and terrestrial snail shells, bones, and
horns. Plant fibers can be divided into sub-groups: 1) wood
fibers and 2) crop fibers, which are made of seed fibers such
as cotton or kapok. Bast fibers such as hemp, flax, hemp,
ramie, and jute; leaf fibers such as sisal and pineapple; stalk
fibers such as bamboo, banana, and alpaca; or fruit fibers such
as coir [62]. Although animal fibers consist of proteins, plant
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fiber e.g. paper

fibers are comprising of cellulose fibrils exhibiting a very
high tensile strength that is embedded in the hemicellulose
and lignin matrix.

Likewise, natural fibers, both animals and plant fibers,

composed of parts that may be used as a reinforcement for
composite development [63-65]. However, a plant fiber with
cellulose is stiffer and more substantial compared to animal
fiber. Therefore, plant fiber or a combination of both, where
animal fiber serves as filler, may have a strong structure
suitable for the development of biocomposite. Given this, this
suggests the combination of both fibers. A combination of
cellulose fibrils glued together by lignin and hemicellulose
known as biofibers and snail shells at nanoparticle sizes could
be a functional research area to explore.
Plants or weed natural fibers consist of lignin, cellulose,
hemicellulose, waxes, and pectin [66-68]. As shown in Figure
4, the microstructure of natural fiber is encompassing with
different hierarchical structures, and this single fiber has a
diameter of about 10-20 um, comprises of four concentric
layers includes primary, outer secondary, middle secondary,
and inner secondary walls. Lignin is a nature prevailing
sweet-smelling polymer found in most land-dwelling plants
at approximately amount ranges from 15 to 40% dry weight.
It is the main element of vascular plants and polysaccharides
in nature [69]. Lignins often play significant roles in the
formation of the projectile of cell walls, particularly in bark
and wood, because of the transfers of rigidity. The structure
of the lignin is exceptionally complex as monolignols are
linked through several connections into a three-dimensional
network. It has constituents of a very high molecular mass of
copolymer of aromatic and aliphatic. Pectin, functioning as a
binder to hold fiber together, exhibiting a polysaccharide
nature like cellulose and hemicellulose [70, 71]. Chemically,
lignin is a cross-linked phenolic polymer with stable thermal
behavior [69, 72]. The chemical complexity of this polymer
provides woody plants and trees structural integrity.
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Furthermore, the distribution of lignin between
hemicellulose and cellulose, provide binding and stiffening of
plant fibers that may be related to the mechanical strength
exhibited by plant fiber. Ragauskas et al. [74], confirmed that
most large-scale industrial procedures make use of plant
polysaccharides techniques by burning lignin to produce the
necessary power for converting biomass efficiently.

Cellulose is the essential constituent of hard cell walls that
border plant cells create plant leaves, stems, and branches
more durable. As the most substantial skeletal component, it
possesses inexhaustible polymeric raw material with
captivating structure and properties.  This structure made
cellulose regarded as the most abundant natural polymer
found in the plant, some bacterial and green algae. Cellulose
is a linear sequence of ringed glucose with a flat ribbon-like
conformation. Cellulose is a green polymeric material
containing 1,4-B-D- anhydroglucose (C6H1105) reiterating
units merged by 1,4-B-D-glycosidic connections at C1 and C4
position, and every single unit includes three different
hydroxyl collections as shown in Figure 5 [71, 75, 76].

H ?n' ?HA)H

|

(R §

H H

|/ OH H\I I/ H
(I: C C
NP Lo\

C O (IZ

]
CH,OH 0

q\g_o__
"

OH

Cellulose
Fig. 5. Schematic diagram of the cellulose structure [77].

It possesses desirable high molecular weight with a
polymer that can be defined as renewable, biodegradable, and
natural.

Furthermore, cellulose possesses high specific strength
and stiffness, and biodegradability is a looked-for fiber ratio
and readily available from the natural source. The discovery
and knowledge of cellulose chemistry and structure have led
to the development of several innovative techniques and
materials [78]. However, natural fiber has drawbacks include
but not limited to water absorption, interfacial bonding, and
material degradation. Therefore, the next section discussed
how these drawbacks affect natural fiber in the composite.
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4.2. Challenges of natural fibers usage in composite
applications

Despite huge advantages of natural fiber, they still face
challenges such as low modulus, disintegration in alkaline, or
a biological attack, high moisture absorption, and unevenness
in physical and mechanical properties when compared with
standard engineered material or synthetic fibers [71, 79].
Furthermore, Ho et al. [79] confirmed that poor wettability
reduces adhesion and degradation at the fiber/matrix
interface. These deteriorate fiber during the manufacturing
processes, which are the main courses of biocomposite
failure. Similarly, a review conducted by Pickering et al. [80]
stated that one of the main factors affecting the mechanical
performance of natural fiber includes but not limited to fiber
selection. This selection is in terms of types, harvested time,
extraction method, aspect ratio, fiber treatment, fiber content,
and orientation. These factors make selecting quality fiber
challenge. Nevertheless, banana is a perennial plant that
replaces itself.

Besides, bananas do not grow from a seed but a bulb or
rhizome, and it takes 9 to 12 months from sowing a banana
bulb to harvesting the fruit, which depicts surplus available of
the fiber [81]. Furthermore, Banana fiber knowns as
lignocellulosic fiber obtained from the pseudo-stem of banana
plant (Musa sepientum) is a bast fiber with relatively good
mechanical properties. Consequently, numerous studies have
suggested that banana fiber is a suitable reinforcement for
improving mechanical strength composite materials [82-85].
The characteristics above of natural fiber often lead to fiber-
matrix compatibility reduction, which affects surface bonding
and, therefore, compromises the performance of the overall
composite. Because of these limitations, this study constrains
the application of natural fiber biocomposite to the internal
mechanisms of train and automobile vehicles.

4.3.Moisture absorption in fibers

The moisture immersion rate of natural fiber has been
identified as one of the factors that reduce the mechanical
strength of plants fiber-filled biocomposite [49, 86-88]. This
discovery led to a rigorous investigation on how to mitigating
the water intakes and increase the interfacial bonding of the
natural fiber and matrix so that mechanical properties could
be improved [89-93]. Van de et al. [93] enhanced the adhesion
and interfacial bonding of UD flax fiber-filled composite
using an alkaline fiber chemical treatment after weak
interfacing bonding of UD flax fiber was identified. Results
show that the treated fiber exhibited a higher mechanical
property compared to non-treated.

In the same manner, Anbukarasi and Kalaiselvam [94]
experimentally investigated the influence of fiber volume
loading (0.3-0.5V)), dimension, and alkaline treatment of
fibers on mechanical, thermal, and water absorption behavior
of luffa reinforced epoxy composites. The naturally available
luffa fiber mat shaped were fabricated in three different
mediums, which are short fibers, and mat shaped fibers were
processed and used to developed fiber reinforced epoxy
composite. Results gathered from this study showed that 0.4
V; treated mat fiber-reinforced composite exhibited higher
tensile, flexural, compressive, and impacted the strength of
13.7%, 6%, 72.43%, and 163.6% respectively than untreated
fiber-reinforced composites.

The improvement in mechanical properties observed was
related to the homogeneous dispersion of fibers in epoxy
polymer and good interfacial bonding. These two studies
show that if a reinforcement does no merged with the matrix,
it does not add any value in terms of strength improvement.
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Subsequently, fiber treatment was adopted to acquire efficient
hydrophobic hurdles and required interfacial bonding with the
matrix that enhances the bond of biofiber and polymeric
material. According to Li et al. [95], chemical treatment of
fiber help in improving the adhesion between the fiber surface
and the polymer matrix. Undertaking this may not only
modify the fiber surface but also increase fiber strength.
Therefore, the next section discussed different chemical
treatments giving to biofiber.

4.4. Fiber treatment

The improvement of mechanical strength for natural fiber-
filled composite depends on the interaction and bonding force
acting between the reinforcement and matrix. This fact has
inspired researchers to consider several steps for enhancing
fiber and matrix surface bonding ability. Amongst numerous
techniques that have been implemented in the past, giving
chemical treatment has found to be one of the most effective
ways of improving the surface property of the fibers
(reinforcement) [96-104]. Ho et al. [79] argued that the
properties of natural fiber-filled polymer composite are
principally ruled by the pre-treatment of fiber and
manufacturing process adopted for composite fabrication.
Given this, different chemical treatment has been suggested;
these include but not limited to alkali, silane, and acetic
anhydride treatments; however, alkali treatment is commonly
used.

Each of these chemical treatments has different or own
effect on the reinforcement, which often influence mechanical
properties. According to Sunija et al.,[105] silane treatment is
a giving chemical treatment for improving the surface
property of reinforcement, which helps in enhances the
mechanical strength of natural fiber-based composite [106].
Similarly, Haque et al. [107] confirmed that acetic anhydride
treatment is one of the ways of enhancing surface bonding
capacity of natural fiber-matrix in a composite as
improvement in thermal and mechanical properties were
achieved using this technique.

Amongst several chemical treatments suggested from the
steps taken by scientists, alkali-treated of fiber using sodium
hydroxide solution has been identified to be most effective.
The investigation results stated that giving alkali treatment to
natural fiber has a significant effect on the enhancement of the
surface adhesion ability of the fiber and matrix. [100, 104].

Goda et al. [96] studied the influence of load application
through the mercerization of natural fiber using ramie fibers
as a case study. This load technique application was employed
to improve the mechanical properties of the fiber. Before this
investigation, fibers were alkali-treated by 15% of sodium
hydroxide (NaOH) solution and was subjected to a load of
0.049 and 0.098 afterward.

The results reported proved that chemical treatment
improved fiber tensile strength up to 18%, and fracture strain
drastically increased from 0.045 to 0.072 compared to
untreated fiber. A notable decrease in Young modulus of
treated fiber was also observed. The improvement in strength
and fracture strain upon mercerization was related to change
in morphological and chemical structures in microfibrils of
the fiber. Furthermore, Meon et al. and Edeerozey et al. [97,
98] soaked kenaf fiber with 3%, 6%, and 9% of sodium
hydroxide (NaOH) solution to investigate the optimum
concentration of chemical required for fiber treatment. The
fiber was soaked for a day and dried for 24 hours before
testing. They discovered a significant improvement in
mechanical properties of treated fiber at an optimum level of
6% as compared to untreated and another sample treated with
3% and 9% NaOH.

Similarly, Paul et al. investigated the effect of fiber
loading and chemical treatment on the thermophysical
properties of the banana fiber-filled composite. An alkaline
chemical treatment was giving to banana fiber using different
concentrations of 2% and 10% of sodium hydroxide (NaOH)
solution. The experimental results show that 10% of sodium
hydroxide treated banana fiber composite exhibited superior
thermophysical properties than 2% NaOH treated banana
fiber composite. This result suggested that chemical
properties have a positive effect on natural fiber, and it shall
be adopted in this present study.

4.5. Properties of natural fibers

Natural plant fibers possess specific high mechanical strength
and stiffness; however, lower when compared to synthetic
fiber [94]. In Table 1, it is clearly shown that natural fiber has
comparable properties such as elongation at break, stiffness,
and density compared to that of synthetic fiber. These
mechanical properties can be modified for different
applications through proper selection of suitable fibers,
matrices, additives, and fabrication methods.

Table 1: Comparison of mechanical properties for synthetic and natural reinforcing fiber [80, 82, 108-111].

Fiber Tensile Strength | Young’s Modulus | Elongation at Break | Density (g/cm’)
(MPa) (GPa) (%)

Synthetic

E-Glass 2000 - 3500 70 2.5 2.5-2.59

Aramid 3000 - 3150 63.0-67.0 3.3-3.7 1.4

Carbon 4000 230.0 -240.0 14-1.8 1.4

Natural

Bamboo 140 - 800 11-32 25-37 0.6-1.1

Banana 529-914 27-32 3 1.31-1.33

Jute 200 — 800 878 1.5-1.8 1.3-1.49

Kenaf 223-930 14.5-53 1.5-2.7 1.4

Flax 345 —-2000 27.6-103 12-33 1.4-1.5

Sisal 365700 9.0-38 20-7.0 1.33-1.5

Hemp 270 -900 23.5-90 1.0-3.5 1.4-1.5

Coir 95-230 28-6 15-51.4 1.15-1.46

Ramie 1.0-1.55 400 — 1000 24.5-128 1.0-1.55

Consequently, this provides fibrous material suitable as a
replacement or to serve as an alternative to synthetic fiber
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[79]. Significantly, Banana fiber exhibit a comparable
stiffness, elongation at break, and density with E-glass fiber



Gbadeyan Oluwatoyin Joseph, Sarp Adali, Glen Bright and Bruce Sithole/
Journal of Engineering Science and Technology Review 14 (5) (2021) 61 - 74

shown in Table 1 and confirmed its suitable replacement.
Moreover, a modified or treated plant fiber with coupling
agents often have functional linkage with matrix, which
eventually improve composite mechanical strength [112].
The core importance of plant fiber is low cost and density,
combined with a renewable matrix to produce a biobased
(greener) and lightweight composite with improved strength
and stiffness [112-114].

4.6. Banana fibers

Bananas are one of the world's most pleasing fruit. It is
cultivated and consumed in over 150 countries, with over 105
million tonnes of fruit produced annually. Asia and America
are leading producers of banana, accounting 57%, and 26% of
total annual production, respectively, and Ecuador is the
largest exporter of banana fruits in the world. [115-117].
Bananas are said to be native to tropical South and Southeast
Asia. They are among the most important commercial
subtropical fruits grown in South Africa. Besides, they are
planted for sale in local markets or self-consumption, and a
little fraction of banana produced in South Africa is exported
to the global market.

Bananas are produced mainly in Mpumalanga, Limpopo,
and North and South Coasts of Kwazulu Natal [118]. Over
450,000 tons of banana was produced in South Africa in year
2013/14, and Kwazulu Natal has the major growing area of
accounting for 15% (1700 Ha) of the total banana plantation
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Moreover, these bananas fruit are produced by several
pieces  of  large herbaceous  flowering  plants in
the genus Musa that grows in clusters hanging from the top of
the plant. Significantly. The pseudostem of this plant can bear
one bunch in its life, leaving behind a large number of
agricultural residues (starchy and lignocellulosic biomass)
[119]. There are records for banana fruit used for
consumption in the world, but there is no record for the use of
the agricultural residue. After harvesting the fruit by cutting
down the tree, the banana plant stem (pseudo-stem) dies and
produces a large number of agricultural residues that cause
environmental pollution [120] [121].

Researchers have implemented different techniques of
extracting valuable additives such as fiber, cellulose, and
lignin from agricultural residues to increase the importance of
banana plantation. These additives are extracted using
different techniques including but not limited to chemical,
mechanical, or biological methods. The extraction of banana
fiber using biological retting, which yields more fiber bundles
without causing harm to the environment, has commonly
reported in many studies [122-125]. The typical mature
banana plants and the banana fibers extracted from the plant
stem using the biological procedure is as shown in Figure 6.
This fiber has found use in packing cloth, string, ship towing
ropes, cordage, and wood-pulp paper making [126, 127].

Moreover, naturally sourced fiber has several advantages
over synthetic fibers such as renewability, appropriate
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stiffness, low density, mechanical properties, and high
disposable. These advantages attract more investigations into
the development of composite and biocomposite. However,
achieving improvement in the properties of banana fiber-
filled composite most times depends on the fiber length and
content incorporated. Therefore, the next section discusses
the effect of distance and content of banana fiber on
composite or biocomposite.

4.6.1. The effect of length and content of banana fiber on
composite

The lignocellulosic fiber extracted from banana pseudostem
has proved to be a useful reinforcement in both thermoplastic
and thermoset matrices [83, 128, 129]. They commonly used
as chopped strands incorporated to enhance the strength of
polymeric materials. The critical length and contents of fiber
are essential factors in determining the effect of the load-
bearing capacity of composite.

According to Mohan and kanny, fiber will not effectively
bear the composite load when fiber length incorporated is
lesser or greater than a critical length [130]. Based on this fact,
they studied the effect of fiber critical length on the
mechanical properties of composite material. Composite was
prepared with fiber loading ranging from 30% fiber loading
and fiber length ranging from 30mm to 45mm. It was
observed that composite filled with a fiber length of 35mm
offered better properties, although the fiber was infused with
nanoclay. Paul et al. [71] also synthesized and characterized
a biocomposite derived from the banana plant stem. The
biocomposites were prepared with fiber loading ranging from
20% to 50%. The results showed improved mechanical and
thermal properties were at 30% loading.

Moreover, Boopalani et al. and Pothani et al. [131-133]
argued that improvement in the properties of chopped banana
reinforced composite solely depends on the fiber critical
length and volume of loading. In this regard, Laly et at.[134],
investigated the effect of fiber length and content on the
mechanical properties of short banana fiber reinforced
polyester composite. It was discovered that superior tensile
strength was observed at 30 mm fiber length, while impact
strength gave the maximum value for 40 mm fiber length.
Similarly, 40% loading of fiber exhibited higher mechanical
properties. Based on the information provided above it could
be concluded that loading of banana fiber with length range
from 30mm and 40mm at 40% loading is an effective way of
enhancing composite mechanical properties. Besides, there is
limited available literature reported on the incorporation of
biobased nanofiller and banana fiber-filled thermoset polymer
hybrid biocomposite. This study suggests that these
challenges may be overwhelmed by reducing loading
percentages of banana fiber, introduce biobased nanoparticle
and thermosetting polymer, since the information provided in
the available literature proved that percentage loading
optimization of banana fiber not yet attained as there no
uniform effect percentage of banana loading on composite
material. The author may report that composite with 30 %
banana fiber exhibited superior mechanical properties in one
study and another study maybe 40% loading. Thus, this
review suggests the development of hybrid nano-shell plant-
fiber biocomposite, where biobased nanofiller could use as
reinforced. This idea may reduce the quantity of banana fiber
incorporated with less different loading percentages of nano-
calcium carbonate synthesized from a snail shell or another
naturally sourced filler material. However, the suitability of
reinforcement filled needs to be investigated before the filler
could be recommended for use. Therefore the next section
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discusses different sources, classification and uses of filler
material, and their role in improving composite material when
incorporated.

4.7. Fillers

Fillers, both organic or inorganic, play significant roles in
improving specific characteristics of polymeric material [135-
138]. They may be incorporated to increase strength,
conductivity, and thermal stability or resistance to
indentation. Dittanet and Pearson [139] argued that filler or
fillers are not only used to improve thermal, physical,
chemical but also used to improve the bonding systems of
composite favorable for enhancing mechanical properties.
Loading of this filler may improve one property and
negatively affect another in some cases. Most times, they are
used to reduce the cost of expensive polymetric matrix and
binders, which eventually reduces the cost of production [4,
9, 140-142]. Several filters have been employed to serve as
reinforcement in polymer composites. Despite several fillers
identified with potential for composite reinforcement, SiO»,
TiO,, and carbon-based fillers such as carbon nanotubes and
graphite nanopowder, calcium carbonate (CaCO3) found most
suitable and commonly used [142-145].

Amongst the fillers, as mentioned earlier, fillers with a
high concentration of calcium carbonate (CaCOs) is
extensively used owing to their accessibility, advantageous
mechanical strength, thermal stability, and biodegradability
[146]. This discovery led to a rigorous investigation on
calcium carbonate-based filler, and consequently,
montmorillonite and kaolinite referred to as nanoclay was
found to be most suitable [147, 148]. Studies conducted
confirmed the effectiveness of nanoclay in improving several
composite properties [135, 149]. However, it has been
discovered that the end-life of nanoclays has adverse effects
on human health and, at times, expensive when compared to
naturally sourced fillers [ 138]. This fact consequently reduced
the usage of this fille—besides, Marrot et al.[150], claimed
that the negative impact of synthetic thermoset polymer and
fiber on the environment could be reduced in two ways. First,
by replacing synthetic fiber with natural fibers and secondly
by replacing the petrochemical component in the matrix with
biobased renewable equivalents. This clue rigorously increase
studies towards the development of green composite using
biobased ingredients.

Composite  materials,  especially  biodegradable
composites from bio-fibers, bio-fillers, and bio-polymers, are
well fit into this global sustainability shift. These

biodegradable materials extracted from renewable sources
such as agricultural waste and forestry feedstocks, including
wood, agricultural waste, grasses, and natural plant fibers
have been used for numerous materials for durable goods
application. This awareness inspired a scientist to source for
a natural constituent that meets societal needs and supports
global sustainability. Subsequently, in recent decades, natural
fillers extracted from wood, hair as well as the animal shell
has been investigated for the enhancement of thermal
stability, degradation, strength and physical properties of
polymeric materials [19]. The search for this suitable material
led to the discovery of eggshells.

It was identified as potential filler due to the higher
content of calcium carbonate (~95% CaCOs) in this material
[151-153], which was eventually used as an alternative to
commercial CaCOs; mentioned above. Research has been
done on mollusk shell, animal bone and eggshell material that
have been investigated for CaCOs, and it was proved that
these materials have adequate filler characteristics for
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different applications [19, 154]. In this regard, African giant
snail is selected as a reinforced filler, with the hope of having
sufficient CaCOs providing excellent inter-linking property,
which helps in improving mechanical strength and moisture
absorption properties. Several studies have demonstrated the
addition of these biological materials, in microparticle size
form, to polymeric materials, and this resulted in improved
composite materials. Also, a combination of two or more of
these naturally sourced materials has been developed to
produce advance materials with desired properties [19, 63,
155]. However, there is dearth information on the
fundamental properties of the materials that could be
exploited for bio-composites development. This issue may be
due to the size of the biological materials - shells, in
particular, it does not have adequate size/space required to
produce a standard specimen for the measurement of
mechanical properties. Therefore, these shells are grand or
mill to micro/nanoparticles and disperse in materials to
develop composite.

There are different milling techniques used for small
organic particle synthesis. A mechanochemical procedure
such as hand grinding or ball-milling has been reported to
have an influence on the structure and composition of
materials, which bring about an opportunity for preparation
and Over many decades, montmorillonite and kaolinite with
a high concentration of CaCOj; are sourced and synthesized
using different techniques. These fillers are sourced from rock
and manufactured using either gas pressure blasting or
explosion method [147, 148, 156]. Despite the availability of
numerous milling techniques used for small organic particle
synthesis, mechanochemical technology has found to be most
effective and widely used for milling biobased filler materials
such as shells, horns and bone [156, 157]. With clearly
information on how to grind the aforementioned materials
into small sizes, it is imperative to investigate availability and
suitability of snail shells in particular. This information is
provided in next section.

4.8. Snail shell

Snail shells are regarded as a discarded bio-shell waste of
snail’s remnants from seashore, restaurants, dermatology, and
snail sellers. Shell is an outer skeleton or exoskeleton, which
serves not only as crucial protection against the sun, against
drying out and predators for both lands, intertidal marine and
freshwater snail [158, 159]. In particular, gastropod shell has
constituted a serious degree of threat to the environment with
little or no economic value as they are arbitrarily abandoned
after consumption of the inner edible meat [159]. Barros et al.
[160] confirmed that over 80,000 tons of mussel shells alone
are disposed of as waste annually.

Fig. 7. Snail shell (a) Achatina Fulica (Giant Africa land snail), (b)
Achatina Achatina, (c) Achatina Marginata.

Land snail shells are wasted in billions of tons every year.
In particular, West African countries such as Nigeria, Ghana,
Cote d'Ivoire, where snail meat is famous for consumption,
disposes of shells as discarded. In Cote d'Ivoire, over 7.9
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million tons of snail meat are eaten annually. However, Ghana
and Nigeria demand currently overtake snail meat supply, and
the shells become a waste [161].

Consequently, farmers rear different land Snails species
to meet local and foreign markets. The snail species are
including but not limited to Achatina Fulica (Giant Africa
land snail), Achatina Achatina, and Achatina Marginata, as
shown in Figure 7. The main difference of this snail is size as
Achatina Fulica 1is the biggest. Additionally, many
commercial farms of land snail have been identified at
Gauteng, cape town, South Africa, where millions of tons of
snail are produced to meet the demands of snails meat [162,
163].

The IOL news reported that western Cape’s snail farm
produced more than 48,000 tons of land snail to meet France
snail meat demands every year [163]. This only discussed the
meat, but nothing has been said about the shell because they
are regarded as unwanted. Despite considerable foreign and
local demand of snail meats, the kind of commercial snail
farms that operates in foreign countries such as Europe, and
the United States, hardly exists in Africa [161], This implies
that many tons of snails shells are wasted in those countries
as well. This guarantee availability of land snail shell globally
at no cost and also proof that the expected output of this
research is sustainable. Additionally, usage of the shell
regarded as waste presents a significant contribution to
advancement of the economic importance of snail rearing
farms.

Aside from the availability of shells, research has shown
both freshwater and land snail shell have a high content of
CaCQO;3, and the loading of shells at different particle sizes
confirm as an effective way of improving some properties of
polymer materials [19, 154]. In this regard, Nwanenyi et al.
[63] conducted an investigation on the effect of loading
periwinkle shell at different particle sizes (75um, 125um, and
150um); filler content (0 to 30 wt %.) and compatibilizer (0.5
to 2.5 wt %) on mechanical properties of polyethylene. The
mechanical properties explored on the shell particles and
compatibilizer filled polyethylene include but not limited to
tensile strength, elongation at break, tensile modulus, flexural
strength, impact strength, and hardness. According to the
experimental results, improvement in mechanical properties
with a corresponding increase in filler loading was observed.
This revealed reinforcement potential and effectiveness of
loading CaCOj; synthesized from a snail shell for improving
composite properties. Although there 60,000 species of
terrestrial snail shells, however, many are underutilized as
their basic properties are unknown. It is well known that filler
and reinforcement are not complete without polymer, which
serves as a binder in the composite. Therefore, the next
section discussed matrix for biocomposite.

5. Matrices in biocomposites

Biocomposite is classified as a combination of natural fibers
and synthetic binders or greener resin systems, which could
be either thermosetting and thermoplastic polymer, and all of
these classes could be used to developed biocomposite [71].

Thermoset

Thermoset can be referred to as irreversible polymer hardened
by curing agent. This process is achieved by mixing a soft
solid or viscous liquid prepolymer with a catalytic or
hardener. Besides, thermoset liquid at room temperature
allows easy loading of filler or fiber before the addition of the
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catalyst that makes cured or hardened. This mixing process
often results in chemical reactions that create widespread
cross-linking between polymer chains to create an infusible
and insoluble polymer network. Most of the thermosetting
polymer used in the composite industries is produced from
petrochemical products.

Nevertheless, the growing demand for eco-friendly
plastics increases the usage of the bio-based polymer for
composite production  [164, 165]. Several bio-based
polymers such are cellulose plastics, polylactic acid,
vegetable oil, and polyhydroxy alkonate have been
extensively developed and commercialized [166, 167].
However, they are thermoplastic polymers,

In recent decades, several biobased thermoset polymers
such as epoxy resin have been developed with some
percentages of extracts from plants, linseed, soybean,
Jatropha, and vegetable oil used for fabrication of
biocomposite. This biobased resin is modified by the loading
of either synthetic or naturally sourced fiber and fillers to
fabricate green composite [185, 186]. Sandeep et al. [187]
studied the mechanical behavior of green composite
fabricated by incorporating agro-residues as soy stalk (SS),
corn straw (CS), and wheat straw (WS) into the bacterial
polyester, poly(3-hydroxybutyrate-co-3-hydroxy valerate).
The effect of biomass fibers on the mechanical, thermal, and
dynamic mechanical properties of poly(3-hydroxybutyrate-
co-3-hydroxyvalerate) was investigated. The loading of these
biomass fibers significantly increased according to the result
reported in this study.

6. Conclusion

The review conducted was on the development of
biocomposite from different sources, including natural fibers
and agricultural waste. It shows that natural fiber is becoming
a material of choice for different applications in the industries
include but not limited to mass transit, automobile, and
aerospace. It also clear that despite vast research conducted
on the discovery of natural materials for different
applications, there still some natural material that needed to
be sourced and investigated.

Although several kinds of research have been done on
snails, however, limited information is available on the
mechanical strength of their shells and how this could
integrate to improve composite properties at nano-scales.
Additionally, the reinforcement potential of banana fiber in
the composite or hybrid composite systems is reviewed from
different studies. However, it has been found that there is
limited literature available on the development and
characterization of biobased nanofiller and banana fiber
reinforced biocomposite.

The review suggests the idea of using CaCOs, synthesized
from wasted snail shells through mechanochemical
techniques as a nanofiller in fiber-filled green matrix hybrid
composite formation. A combination of these materials from
natural sources may provide a biocomposite with comparable
mechanical properties that could be used for development of
original material for different applications in mass transit,
marine, and automotive industries.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution License.
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