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REVIEW

A brief review on natural fiber used as a replacement of synthetic fiber
in polymer composites

Fatin I. Mahir1,2 Kamrun N. Keya1 Bijoyee Sarker1,2 Khandakar M. Nahiun1,2 Ruhul A. Khan1∗

Abstract: The use of composites in different sectors has become inevitable due to the enhancement in
properties, reduction in the manufacturing cost and suitability to several applications. Among different classi-
fications, polymeric composites are mainly focused on their use as structural components and the selection and
composition of reinforcement play a vital role in determining the characteristics of the composite. Although
composites are developed with man-made reinforcement in the beginning stage, in the present situation, natural
reinforcements have proved excellent results in terms of properties. Hence, nowadays researches are mainly
focused on the use of different natural fibers in different forms as reinforcements in polymeric composite. This
work presents a brief overview on the properties of natural fiber and natural fiber reinforced composites which
is an emerging area in polymer science. Interests in natural fiber is reasonable due to the advantages of these
materials compared to others, such as synthetic fiber composites, including low environmental impact and low
cost and support their potential to be used. Moreover, the disadvantage of the synthetic and fiber-glass as rein-
forcement, the use of natural fiber reinforced composite gained the attention of the young scientists, researchers,
and engineers and are being exploited as a replacement for the conventional fiber such as glass, aramid, carbon
etc. Natural fibers have been proven alternative to synthetic fiber in transportation such as automobiles, railway
coaches and aerospace, military, building, packaging, consumer products and construction industries for ceil-
ing paneling, partition boards etc. However, in development of these composites, some drawbacks have also
emerged. In this paper, it has been tried to overview all of this together.

Keywords: natural fiber, synthetic fiber, polymer composite, composite and bio-degradable

1 Introduction

Fiber reinforced polymer materials are composites
which possess high strength fibers (reinforcement) em-
bedded in polymeric matrices. Fibers in these materials
are the load-carrying elements and provide strength and
rigidity, while the polymer matrices uphold the align-
ment of the fibers (position and orientation). They also
protect them against the environment and other possi-
ble damages. A pure polymer does not usually have
the required mechanical strength for application in var-
ious fields. The reinforcement by high strength fibers
provides the polymer substantially enhanced mechani-
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cal properties which make the fiber reinforced polymer
composites suitable for a large number of miscellaneous
applications. The fiber reinforced polymer composites
are developed primarily using synthetic fibers such as
glass, carbon, aramid, Kevlar, etc. But the growth in en-
vironmental consciousness, community interest, the new
environmental regulations and unsustainable consump-
tion of man-made materials, led to thinking of the use
of environmentally friendly materials. Owing that view
natural fiber is considered as one of the best environ-
mentally friendly materials which have good properties
compared to synthetic fiber.[1] Because of that in the re-
cent decades, natural fibers as an alternative of synthetic
fibers in the reinforcement of polymer composites have
attracted the attention of many researchers and scientists
due to their advantages over conventional glass and car-
bon fibers and others. Among these natural fibers, flax,
hemp, jute, sisal, kenaf, coir, kapok, banana, henequen,
and many others are very much recognized now. The
application of natural fiber polymer composites has ex-
panded noticeably in the shopper merchandise as devel-
oping industry sectors throughout the last few years. Its
applications are growing rapidly in several engineering
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fields. The different kinds of natural fibers reinforced
polymer composite have received a great importance in
different automotive applications by many automotive
companies including Cambridge industry (an auto indus-
try in the USA), Proton company (Malaysian national
carmaker) and German auto companies (BMW, Audi
Group, Ford, Opel, Volkswagen, Daimler Chrysler, and
Mercedes). Besides the auto industry, the applications
of natural fiber composites have also been found in the
civil industry, sports, aerospace, and others, for example,
panels, window frame, decking, and bicycle frame.[2]

Recent researches found that the worldwide natu-
ral fiber reinforced polymer composites industry sec-
tor reached U$2.1 billion in 2010. As indicated by
evaluations, over 5 years (2011–2016), the natural fiber
polymer composites industry is estimated to grow 10%
worldwide. So, without a second thought, it can be said
that the field of natural fiber composite will grow more
rather than the synthetic fiber composite in the upcoming
future.[3]

2 Composite

The term ‘composite’ in material science refers to a
material made up of a medium containing reinforcing
agents. Reinforcement can be described as the part of the
composite that offers strength, stiffness, and the ability to
carry a load. The most largely used meaning is the fol-
lowing one, which has been stated by Jartiz “Composites
are multifunctional material systems that provide charac-
teristics not obtainable from any discrete material. They
are cohesive structures made by physically combining
two or more compatible materials, different in compo-
sition and characteristics and sometimes in form”. Ac-
cording to the scientist Kelly the composites should not
be regarded as simple as a combination of two materials.
Beghezan defines as “The composites are compound ma-
terials which differ from alloys by the fact that the indi-
vidual components retain their characteristics but are so
incorporated into the composite as to take advantage only
of their attributes and not of their short comings.” If the
definition is described in simpler way then it can be said
that a composite material (also called composite, which
is the common name) is a material made from two or
more basic materials with significantly different physi-
cal or chemical properties that, when combined, produce
a material with characteristics different from the individ-
ual.[4]

If examples are provided then wood can be said as
a natural composite of cellulose fibers in a matrix of
lignin. Generally, mud, cement, polymers, metals and
ceramics are used in the matrix. The most common

polymer-based composite materials include fiberglass,
carbon fiber and Kevlar. Generally, polymer can be clas-
sified into two classes, thermoplastics and thermosetting.
Thermoplastic materials currently dominate, as matrices
for biofibers; the most commonly used thermoplastics
for this purpose are polypropylene (PP), polyethylene,
and poly vinyl chloride (PVC); while phenolic, epoxy
and polyester resins are the most commonly used ther-
mosetting matrices. The beginning of composite mate-
rials can’t be predicted properly. But it may have been
the bricks fashioned by the ancient Egyptians from mud
and straw. The ancient brick-making procedure can still
be seen on Egyptian tomb paintings in the Metropolitan
Museum of Art. Commercialization of the composites
could be traced to early century when the cellulose fibers
were used to reinforce phenolics, urea and melamine
resins.[5]

3 Types of composites

In a simpler way, composites can be classified based
on the nature of the matrix each type possesses. Fab-
rication method also varies according to the physical
and chemical properties of the matrices and reinforcing
fibers.[6]

3.1 Polymer matrix composites

This type is the most common and advanced compos-
ites. These are made of a polymer thermoplastic or ther-
mosetting reinforced by fiber (natural carbon or boron).
These materials can be shaped into different shapes and
sizes. They offer great strength and stiffness along with
resistance to corrosion. The purpose of these being most
public is their low cost, high strength, and simple manu-
facturing principles.

3.2 Metal matrix composites

This composite has a metal matrix. Aluminum, mag-
nesium, titanium can be called the example of this com-
posite’s matrices. The typical fiber includes silicon car-
bide and carbon. Metals are mainly reinforced to suit the
needs of the design.

3.3 Ceramic matrix composites

Ceramic matrix composites have ceramic matrix such
as alumina, calcium, aluminosilicate which are rein-
forced by silicon carbide. High strength, hardness, high
service temperature limits for ceramics, chemical inert-
ness and low density can be achieved in this matrix.
Composites effectively made with ceramic matrices are
reinforced with silicon carbide fibers and these compos-
ites offer the same high-temperature tolerance of super-
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alloys without such a high density. The brittle nature
of ceramics makes composite fabrication difficult. Usu-
ally, most CMC production procedures involve prelimi-
nary materials in powder form.

3.4 Carbon-Carbon composites

CCMs use carbon fibers in a carbon matrix. Carbon-
carbon composites are used in very high-temperature
environments of up to 60000F and are twenty times
stronger and thirty times lighter than graphite fibers.

4 Facts of composite

4.1 Light weight

Composites are light in weight, compared to most
woods and metals. This property can be used in auto-
mobiles and aircraft, because less weight means better
fuel efficiency. During the design of airplanes, weight
of the airplane is always kept in mind because reduced
weight increases the speed. Boeing 787, Dreamliner is
an example of modern technology.

4.2 High strength

Composites can be designed to be far tougher than alu-
minum or steel. Though metals are strong in various di-
rections, composites can be planned and designed to be
strong in a precise direction.

4.3 Strength related to weight

Strength-to-weight ratio is a material’s strength in re-
lation to how much it weighs. Some materials are very
strong and heavy, such as steel. This property is to build
airplanes—which need a very high strength material hav-
ing lowest possible weight. Composites can be strong
without being heavy. Now a days composites have the
highest strength-to-weight ratios in structures.

4.4 Corrosion resistance

Composites have a great abundance against the
weather and from harsh chemicals that can damage other
materials. Composites are good choices where chemi-
cals are handled or stored.

4.5 High-Impact strength

Composites can be made to captivate impacts—the
sudden force of a bullet, for instance, or the blast from
an explosion. Because of this reason, composites are ap-
plied in bulletproof vests and panels, and to shield air-
planes, buildings, and military vehicles from explosions.

4.6 Design flexibility

Composites can be molded into complicated shapes
more easily than most other materials. This gives de-
signers the freedom to create almost any shape or form.
Most recreational boats today, for example, are built
from fiberglass composites because these materials can
easily be molded into complex shapes, which improve
boat design while lowering costs. The surface of com-
posites can also be molded to mimic any surface finish
or texture, from smooth to pebbly.

4.7 Part consolidation

A single piece made of composite materials can re-
place an entire assembly of metal parts. Reducing the
number of parts in a machine or a structure saves time
and cuts down on the maintenance needed over the life
of the item.

4.8 Dimensional stability

Composites retain their shape and size when they are
hot or cool, wet or dry. Wood, on the other hand, swells
and shrinks as the humidity changes. They are used in
aircraft wings for example.

4.9 Nonconductive

Composites are nonconductive, meaning they do not
conduct electricity. Because of this reason they are suit-
able for such items as electrical utility poles and the cir-
cuit boards in electronics. But if electrical conductivity is
needed for any reason, it is possible to make some com-
posites conductive.

4.10 Radar transparent

Radar signals pass right through composites, a prop-
erty that makes composites ideal materials for use any-
where radar equipment is operating, whether on the
ground or in the air. Composites play a crucial role in
stealth aircraft, such as the U.S. Air Force’s B-2 stealth
bomber, which is nearly invisible to radar.

4.11 Low thermal conductivity

Composites are decent insulators—they do not simply
conduct heat or cold. They can be used in buildings for
doors, panels, and windows where further protection is
required from severe weather.

4.12 Durable

Structures made of composites have an extended life
and need slight maintenance. It can be said that how
long composites last, because many original composites
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have not come to the last point. Many composites have
been in service for half a century.[4, 7]

5 Natural fiber and its classification

In a simpler way fiber that is not synthetic or man-
made can be called natural fiber. They can be sourced
from plants or animals. Natural fiber can be classified
according to their origin as:

5.1 Animal fibers

It contains wool, silk, avian fiber. It includes sheep’s
wool, goat hair, horse hair, feathers, and feathers
fiber,etc.

5.2 Mineral fiber

Mineral fibers are naturally occurring fiber and they
are slightly modified fiber procured from minerals.
These can be further characterized as asbestos, Ceramic,
Metal Fiber.

5.3 Plant fiber

Plant fibers are generally comprised mainly of cellu-
lose. This fiber can be further categorizing into the fol-
lowing:

(1) Seed Fiber: Fibers which are collected from the
seed and seed case, e.g. cotton and kapok.

(2) Leaf Fiber: Fibers collected from the leaves, e.g.
sisal and agave.

(3) Skin Fiber: Fibers are collected from the skin or
bast surrounding the stem of their respective plant. These
fibers consume higher tensile strength than remaining
fibers. Therefore, these fibers are used for durable yarn,
fabric, packaging, and paper. Flax, jute, banana, hemp,
and soybean can be said as an example.

(4) Fruit Fiber: These fibers are collected from the
fruit of the plant, e.g. coconut (coir) fiber.

(5) Stalk Fiber: Fibers are actually the stalks of the
plants such as straws of wheat, rice, barley, and other
crops including bamboo and grass. Tree wood is also
such a fiber.[7]

6 Chemical composition of natural fiber

The organic composition of natural fibers differs re-
liant upon the type of fiber. Mainly, fibers contain cellu-
lose, hemicellulose, pectin, wax, and lignin. The proper-
ties of each component contribute to the overall prop-
erties of the fiber. Hemicellulose is in charge of the
biodegradation, moisture absorption, and thermal dilapi-
dation of the fiber as it shows the least resistance whereas
lignin is thermally constant but is responsible for the

UV degradation. The percentage composition of each
of these components varies for unlike fibers. Generally,
the fibers contain 60–80% cellulose, 5–20% lignin, and
up to 20% moisture.[8–10]

7 Prior studies on natural fiber reinforced
composite

Obtaining a standard strength is the first target of a
composite which has been done in many composites by
using different types of natural fiber. Ferreria et al.[11]

improved the fatigue strength by using hybrid fiber com-
posites with a polypropylene hemp layer next to the
bond interface which was expected to produce more uni-
form stress in transient regions. Eucalyptus urograndis
pulp used as the reinforcement for thermoplastic starch
showed an increase of 100% in tensile strength and more
than 50% in modulus with respect to non-reinforced ther-
moplastic starch.[12]

Fiber reinforced composite materials offered a com-
bination of strength and modulus that are either simi-
lar to or better than many old-style metallic materials.
The rise in the flax and jute fiber content in polyurethane
based composites increased the shear modulus and im-
pact strength. However, increasing the microvoid con-
tent in the matrix decreased its strength.[13]

Jayaraman and Bhattacharya[14] reported the mechan-
ical performance of wood fiber waste based plastic com-
posites and observed that tensile strength does not gen-
erally change with fiber content. Zulkifli et al.[15] pre-
pared Natural Rubber (NR)- Polypropylene (PP) com-
posites by increasing the amount of NR in PP hemp mat
reinforced phenolic composites. Eucalyptus urograndis
pulp used as the reinforcement for thermoplastic starch
showed an increase of 100% in tensile strength and more
than 50% in modulus with respect to non-reinforced ther-
moplastic starch.[12]

Fiber reinforced composite materials offered a mix-
ture of strength and modulus which are either compara-
ble to or better than many traditional metallic materials.
Growth in the flax and jute fiber content in polyurethane
based composites has resulted in the rise of the shear
modulus and impact strength. However, increasing the
microvoid content in the matrix decreased its strength.[13]

Jayaraman and Bhattacharya[14] reported the mechanical
performance of wood fiber waste based plastic compos-
ites and observed that tensile strength does not generally
change with fiber content. Zulkifli et al.[15] prepared
Natural Rubber (NR)- Polypropylene (PP) composites
by increasing the amount of NR in PP. Mitra et al.[16]

treated the unwoven jute fiber with pre-condensate like
formaldehyde, melamine formaldehyde and polymerized
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Table 1. Chemical composition of different natural fibers

Fiber
Cellulose

(wt%)
Hemicellulose

(wt%)
Lignin
(wt%)

Wax
(wt%)

Bagasse 55.2 16.8 25.3 ----
Bamboo 26-43 30 21-31 ----
Flax 71 18.6-20.6 2.2 1.5
Kenaf 72 20.3 9 ----
Jute 61-71 14-20 12-13 0.5
Cotton 82.7 5.7 ---- ----
Hemp 68 15 10 0.8
Ramie 68.6-76.2 13-16 0.6-0.7 0.3
Abaca 56-63 20-25 7-9 3
Sisal 65 12 9.9 2
Coir 32-43 0.15-0.25 40-45 ----
Oil Palm 65 ---- 29 ----
Pineapple 81 ---- 12.7 ----
Curaua 73.6 9.9 7.5 ----
Wheat Straw 38-45 15-31 12-20 ----
Rice husk 35-45 19-25 20 ----
Rice straw 41-57 33 8-19 8-38
Althaea 44.6 13.5 2.7 ----
Acacia planifrons (Umbrella thorn) 73.1 9.41 12.04 0.57
Prosopis juliflora 61.65 16.14 17.11 0.61
Acacia leucophloea 68.09 13.60 17.73 0.55
Tarmarind 59 22 19 ----
Ferula 53.3 8.5 2.7 ----
Acacia arabica 68.10 9.36 16.86 0.49
Sansevieria cylindrica 79.7 10.13 3.8 0.09
Cyperus pangorei 68.5 ---- 17.88 0.17
Sponge gourd 62 20 13 ----
Grewia tilifolia 62.80 21.20 14.90
Oil palm empty fruit bunch 65 29 17.5 4
Henequen 60 28 8 0.5
Agave 68.42 4.85 4.85 0.26
Sansevieria ehrenbergii 80 11.25 7.8 0.45
Wood 48 15 24 ----
Borassus 53.40 29.6 29.6 ----
Banana 60–65 6–8 5–10 ----
Cissus quadrangularis 77.17 11.02 10.45 0.14
Palmyrah 40–52 42–43 ---- ----
Hop stem 84 ---- 6 ----
Okra 60–70 15–20 5–10  3.9 
Ipomoea staphylina 72.26 1 13.6 19.56 1.51
Nettle 53–86 4–10 3 3.5–9.4 3.1–4.2
Straw 76 15 1 ----
Ficus 38.1 30.5 23.4 ----
Thespesia lampas 60.63 26.64 12.70 ----
Century plant 71.65 22.24 6.09 ----
Mending grass 72.14 20.2 3.44 ----
Napier grass strands 47.12 3 31.27 21.63 ----
Isora 74 23 1.09
Kudzu 33 11.6 14 ----
Sun hemp 41–48 8.3–13 22.7 ----
Piassava 28.6 25.8 45 ----
Rhectophyllum camerunense 68.2 16 15.6 ----
Linen 82 2 4 ----
Kapok 13 ---- ----
Henequen 77.6 13.1 4-8 ----
Olive husk 24-36 22-27 26-48.4 ----
Almond husk 14 14 13 ----
Areca Husk 0 35-65 13-25 ----
Sun flower hull 38.1-39.5 16.5-17.1 23.7-24.7 ----
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cashew nut shell liquid formaldehyde, past to its use as
reinforcing material for the preparation of composites.
The treatment reduced the moisture absorbance of the
jute.

Kandola et al.[17] described the fabrication of novel
glass reinforced epoxy composites containing phosphate.
Eichhorn and Young[18] studied the deformation in mi-
cromechanics of natural cellulose fiber networks and
composites. Kaith et al.,[19] Singha AS et al.[20] pre-
pared polymer matrix-based composites using flax-g-
copolymers, flax fiber, and mercerized flax as a rein-
forcing agent. It was detected that the reinforcement in-
creased the endurance of the composite to higher loads
as compared to pure polystyrene.[21]

Table 2. Equilibrium estimated content of different natural fiber

Fiber Amount of Production (ton)

Bamboo 30000

Wool 1.2 million

Cotton 26 million

Sugar cane Bagasse 75000

Jute 3.3 million

Kenaf 3 million

Flax 200,000

Grass 700

Sisal 375

Hemp 7500

Coir 100

Ramie 100

Abaca 70

Silk 200,000

Table 3. Equilibrium moisture content of different natural fiber

Fiber Equilibrium Moisture Content  (%)

Hemp 11

Jute 9

Flax 12

Abaca 7

Ramie 15

Pineapple 9

Coir 13

Bagasse 10

Bamboo 8.8

Sisal 8.9

8 Mechanical properties

The Fiber reinforced polymer composites are devel-
oped primarily using synthetic fibers such as glass, car-
bon, aramid, Kevlar, etc. Synthetic fiber reinforced poly-
mer composites have unique advantages over monolithic

polymer materials. As well as high strength and high
stiffness, these composites have long fatigue life and
adaptability to the intended function of the structure. Al-
though the synthetic fiber reinforced polymer compos-
ites possess exclusive mechanical strength, they have got
some serious drawbacks such as high cost, high density
(as compared to polymers), and poor recycling and non-
biodegradable properties. For these reasons, over the last
few years natural plant fibers reinforced polymer com-
posites are increasingly gaining attention as a viable al-
ternative to synthetic fiber reinforced polymer compos-
ites.[22, 23] The mechanical properties and physical prop-
erties of natural fibers differ significantly and it depends
mostly on the chemical and structural composition, fiber
type and growth conditions. If the natural fibers are con-
sidered individually, they may not provide a very satis-
factory result but in the case of reinforcing their perfor-
mance is very much significant.

9 Advantages of natural fiber

(1) Low cost and high performance of NFRPCs con-
tented the economic feature of the industry.

(2) The dumping of NFRPCs is simple as compared to
SFRPCs.

(3) The abrasive nature of fiber is much minor which
leads to advantages in regard to practical process and re-
cycling process of the composite materials.

(4) Natural fiber composites are used in place of glass
which are mainly in nonstructural applications. Differ-
ent automotive components such as doors, bonnets, etc.
made from glass fiber reinforced composites are now be-
ing replaced by natural fiber reinforced composites.

(5) Good thermal and acoustic insulating properties.
(6) Low specific weight results in higher strength and

stiffness than glass.
(7) Renewable resources and production require less

energy.
(8) The most important thing is these are bio degrad-

able.[6, 7]

10 Disadvantages of using natural fiber

Even though natural fibers are obtained from renew-
able sources and the polymer composites based on them
are ecologically friendly as compared to the synthetic
fiber reinforced composites, there are also some draw-
backs, which are related to the exploitation of basic/raw
fibers in the preparation of the composites.

(1) High moisture uptake is the major drawback of the
natural fibers. This phenomenon weakens the interfa-
cial bonding between the polymer matrix and fiber and
causes deterioration of the mechanical properties.
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Table 4. Improvements of the mechanical properties of some epoxy-based polymer composites

(MPa) % %

Banana 23.98 90 - [24]

Coconut ----- 30 w [25]

307.82

Banana 53.38 38 - [24]

Bagasse - 23.34 30 w [26]

Coconut - 39.4 30 w [25]

Interfacial shear

strength (IFSS)

Banana Young’s 1390 36 - [24]

Coconut modulus - 54.89 30 w- [25]

Banana Flexural modulus 1563.2 17.37 - [24]

- [27]

Properties of the
base polymer

Property
Improvement

Corresponding
Fiber content

Flexural strength

Pine apple leaf - 152

Resin
Reinforcing

Fibers

Investigated
mechanical
Properties

References

Epoxy Tensile strength

Table 5. Improvements of the mechanical properties of some polyethylene-based composites

Properties of the Property Corresponding

base polymer Improvement Fiber content

(MPa) % %

Jute 250 900 60 v [28]

Pine apple- leaf 22.9 30 w [29]

Okra

Coir 28 176 27.61 v [30]

Bagasse - 135 25 w [31]

10.6 30 65 w [32]

152

Polyester Pine apple- leaf 80.2 38 30 w [29]

Coir 23.34

Bagasse - 39.4 25 w [31]

Vinyl Ester Hemp - 65 w [32]

- 20 w [33]

Polyester Jute Young’s 4000 60 w [28]

Pine apple- leaf modulus 580 40 w [29]

Okra

Hemp 525 37.5 w [30]

Vinyl Ester - 20 w [33]

Polyester Pine apple leaf 1300 36 30 w [29]

Vinyl Ester Hemp

- 54.89 20 w [33]

Flexural strength

152

Flexural modulus

Note: v= Fiber Content in volume %; w= Fiber content in weight %

Resin
Reinforcing

Fibers

Investigated
mechanical
Properties

References

Polyester Tensile strength
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Table 6. Improvements of the mechanical properties of some polyester-based composites

Properties of the Property Corresponding

base polymer Improvement Fiber content

(MPa) % %

Sisal (treated) 9.2 60 30 w [34]

Sisal 9 245 21.5 v [35]

Wood(treated) 9.8 67 40 w [36]

Sisal(untreated) Young’s 140 458 30 w [34]

Sisal(untreated) modulus 140 853 21.5 v [35]

Wood 350 272 40 w [36]

Hemp 555 60 w

Rice hulls 181 60 w

Hardwood A 349 60 w

Hardwood B 349 60 w

LDPE

HDPE 1070 [37]

Note:  LDPE= Low Density Polyethylene HDPE= High Density Polyethylene
      v= Fiber Content in volume %;   w= Fiber content in weight %

Resin
Reinforcing

Fibers

Investigated
mechanical
Properties

References

LDPE Tensile Strength

Table 7. Improvements of the mechanical properties of some PP-based composites

Properties of the Property Corresponding

base polymer Improvement Fiber content

(MPa) % %

Sisal(treated) 35 27 30 w [34]

Bamboo(untreated) 22.5 56 50 w [38]

Pineapple-
leaf(treated)

24.5 43 20 v [39]

Banana(treated)

Abaca 24.5 34 15 v [40]

Bamboo(treated) - 45 30 w [41]

Jute(treated) 24.5 106 50 v [42]

- 120 60 w [43]

Rice hulls 19.43 130 50 w [44]

Kenaf 19.43 260 50 w [44]

 Pineapple-
leaf(treated)

38 53 10 v [39]

Banana(treated)

Abaca 38 48 15 v [40]

Bamboo(treated) - 35 30 w [41]

Jute(treated) 38 82 50 v [42]

- 100 60 w [43]

Sisal(treated) 498 140 30 w [34]

Bamboo(untreated) 1.8 160 50 w [38]

Rice hulls 869 214 50 w [44]

Kenaf 869 505 50 w [44]

Pineapple-
leaf(treated)

560 32 20 v [39]

Banana(treated)

Bamboo(treated) 560 83 15 v [40]

560 192 15 v [42]

Banana(treated) 1650 125 15 v [40]

Bamboo(treated) 1650 150 50 v [42]

Note:  v= Fiber Content in volume %;  w= Fiber content in weight %

Flexural Strength

Young’s Modulus

Flexural Modulus

Resin Reinforcing Fibers
Investigated
mechanical
Properties

References

PP Tensile Strength
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Table 8. Mechanical properties of some natural and synthetic fibers[8, 10, 45–47]

Fiber Tensile Strength (MPa) Young's Modulus (GPa) Density (g/cm3) Elongation at break %

OPEFB 248 3.2 0.7-1.55 2.5

Flax 88-1500 60-80 1.4 1.2-1.6

Hemp 550-900 70 1.48 1.6

Wool 120-174 2.-3.4 25-35

Linen 800 50-70 1.4 2.7-3.5

Jute 400-800 10-30 1.46 1.8

Ramie 500 44 1.5 2

Coir 220 6 1.25 15-25

Sisal 600-700 38 1.33 2-3

Abaca 980 - 1.5 -

Cotton 400 12 1.51 3-10

Kenaf (bust) 295 - 1.2 2.7-6.9

Kenaf (core) - - 0.21 -

Bagasse 20-290 19.7-27.1 1.2 1.1

Henequen 430-580 - 1.4 3-4.7

Pine apple 170-1672 82 1.5 1-3

Banana 355 33.8 1.35 53

Coconut 131-175 4-13 0.8 15-40

Softwood Craft Pulp 1000 40 1.5 4.4

E-Glass 2000-3500 70 2.5 0.5

S-glass 4570 86 2.5 2.8

Aramid 3000-3150 63-67 1.4 3.3-3.7

Carbon 4000 230-240 1.4 1.4-1.8

Borassus 65.2 4.918 47.2

Acacia leucophloea 317-1608 8.41-69.61 1.385 1.38-4.24

Piassava 134.58-142.9 1.07-4.59 6.4-21.9

Curaua 1250-3000 30-80 4.5-6

Bamboo 503 35.91 0.6-1.1 1.4

Palmyrah 180-215 7-604 1.2 7-15

Date palm 97-196 2.5-5.4 0.92 2-4.5

Isora 500-600 1.2-1.3 5-6

Nettle 650 38 1.7

Kudzu 130-418

Okra 68-282 5.74-16.55 2

Oil palm 100-400 1-9 0.7-1.55 8-18
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(2) Limited maximum processing temperature.
(3) Natural fiber reinforced polymer composites don’t

give good result in case of fire. They do have poor fire
resistance properties which is not really beneficiary.

(4) Prices may fluctuate according to harvest results
or agricultural politics. Sometimes this could result in
less using of natural fiber or it can hamper the supply of
natural during requirement.

11 Natural fiber composite application

Hemp fiber: This fiber is used in various fields of mod-
ern time. Construction products, textiles, cordage, geo-
textiles, paper & packaging, furniture, electrical, man-
ufacture banknotes, and manufacture of pipes are the
mostly used sectors of hemp fiber.

Oil palm fiber: This fiber is much useful for building
materials such as windows, door frames, structural in-
sulated panel building systems, siding, fencing, roofing,
decking, and other building materials.

Wood fiber: This fiber is mainly used in the basic
structural component. Window frame, panels, door shut-
ters, decking, railing systems, and fencing can be an ex-
ample of it.

Flax fiber: Window frame, panels, decking, railing
systems, fencing, tennis racket, bicycle frame, fork, seat
post, snowboarding, and laptop cases.

Rice husk fiber: Being a little bit cheap this fiber is
fulfilling the requirement very effectively. Building ma-
terials such as building panels, bricks, window frame,
panels, decking, railing systems, and fencing are the sec-
tors of this fiber.

Bagasse fiber: This fiber has become very much use-
ful and popular nowadays. The wide application is be-
ing tried to be done to make this fiber more widespread.
Window frame, panels, decking, railing systems, and
fencing.

Sisal fiber: In construction industries such as panels,
doors, shutting plate, and roofing sheets; also, manufac-
turing of paper and pulp this fiber is used in vast amount.

Stalk fiber: Building panel, furniture panels, bricks,
and constructing drains and pipelines are the reservation
section of this fiber.

Kenaf fiber: Packing material, mobile cases, bags, in-
sulations, clothing-grade cloth, soilless potting mixes,
animal bedding, and material that absorbs oil and liquids.

Cotton fiber: This fiber is the most explored fiber in
the world. The application of this fiber is beyond descrip-
tion. It fulfills the required desire in various sections of
science. They are basically used in the furniture industry,
textile and yarn, goods, and cordage.

Coir fiber: Building panels, flush door shutters, roof-

ing sheets, storage tank, packing material, helmets and
post boxes, mirror casing, paperweights, projector cover,
voltage stabilizer cover, a filling material for the seat up-
holstery, brushes and brooms, ropes and yarns for nets,
bags, and mats, as well as padding for mattresses, seat
cushions are the main applied section for this fiber.

Ramie fiber: This fiber is very much useful in textile
purpose. They are being used in products as industrial
sewing thread, packing materials, fishing nets, and filter
cloths. It is also made into fabrics for household furnish-
ings (upholstery, canvas) and clothing, paper manufac-
ture.

Jute fiber: Building panels, roofing sheets, door
frames, door shutters, transport, packaging, geotextiles,
and chipboards.[48–50]

12 Conclusion

Natural fibers have already established as a substitute
for synthetic fiber in polymer composites in many ap-
plications like automotive, transportation, construction,
packaging, etc. Natural fiber offers brighter composite
materials rather than synthetic fiber composites whereas
both of them own a similar level of mechanical proper-
ties. Natural fibers are bio-degradable and they have a
lower discharge rate than the synthetic fiber. The physi-
cal and mechanical properties of these natural fiber poly-
mer composites can be further improved through the
chemical treatment. It’s a blessing for us that we are
surrounded by various natural resources and fiber but
very less of them has been explored and exploited as yet.
Fiber reinforced composites are one of the means to uti-
lize natural resources. Further research is still required to
extend their application range including improvement of
moisture resistance and fire retardance. But, with time
these renewable resources and fiber will soon deplete.
So, there is a great need to sustain and procure them for
future use. We should pursue more productive means to
explore the supreme potential and utilize the natural fiber
for the progress of science and technology.
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