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Concrete crack is one of the main problems observed in concrete technology due to drying shrinkage. Incorporating fibers in
concrete production is one of the mechanisms implemented to mitigate cracks. Nowadays, investigators concentrate on different
techniques to replace human-made fiber with existing natural fibers for fiber-reinforced composite material. Utilization of natural
fiber has an initiation for the development of eco-friendly materials by reducing damages caused by human-made materials and
saving nonrenewable resources. Natural fibers are readily and abundantly available, sustainable, and biodegradable, with low cost
and low density, and have superior specific properties. Nevertheless, there are some limitations of natural fiber compared to
human-made fiber. Consequently, significant energy was applied to alter natural fiber’s surface and morphology using physical,
chemical, and biological treatment techniques to overcome the limitation.)e primary intention of surface treatment is to modify
the bond between the fiber surface and the polymer matrix. However, based on this literature review, there were no specific
treatment techniques to be followed to select the best one from the others as criteria. It should include all parameters to consider
starting from the stage from the cradle to the grave, cost of chemicals, transportation, and labors, including energy consumption
and effluent energy. Additionally, their environmental effect also investigated in detail to compare each other.

1. Introduction

Concrete was the most extensively used building material
worldwide among the materials utilized in all types of civil
engineering works [1] such as concrete pavement, concrete
domes, apartments, and bridges. One of the applications of
concrete is to be utilized in the construction of a rigid
pavement due to its several advantages when compared to
flexible pavement such as its durability, ability to resist
against unexpected traffic load, serving a long time with low
repairing cost, and favorability in different environmental
conditions [2], but there was some drawback of concrete
such as a little tensile strength, limited ductility, and little
resistance to early cracking; there is also structural crack
build-up particularly before loading due to drying shrinkage
or other causes of volume change [3].

According to [4], most of the new concrete cracks ob-
served after five days of placing the concrete as a structure
and its early full crack recognize up to 60 days of the age of

concrete on the face of casted concrete mainly by variation of
moisture, temperature, and poor mix design. )erefore,
taking a slab as a counterexample to observe a crack, it takes
more than a week to observe a visible crack on the bottom. In
general, even by considering all the parameters required
during the production of concrete for different applications
worldwide, a different defect was observed, starting from a
few days of the casting of concrete up to a structure’s design
life. )is is why researchers are looking for an alternative
mechanism to solve concrete problems by dispersing fibers
in concrete production for different applications. Nowadays,
natural fibers are utilized for different industrial applications
for self-weight reduction for automotive aerospace due to
their advantages such as being cheaply available; in abun-
dance, it controls the ecosystem of the environment, being
biodegradable and sustainable with low density and high
specific properties [5]. )erefore, this review mainly em-
phasizes the utilization of surface treatment techniques to
enhance the mechanical property of natural fibers and their
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applicability in concrete, especially in civil infrastructure
construction as a crack arresting mechanism of concrete
during a structure’s intended life.

One of the significant reasons for cracking in early-age
concrete is the volume changes due to the temperature
difference and stress growth throughout the toughening of
concrete or moisture variations during the hardening pro-
cess [6]; this makes the concrete structure unsafe for its
intended purpose. Researchers worldwide categorize the
cause of concrete cracks based on drying shrinkage cracks
and settlement cracks [6–8] by exothermic hydration pro-
cess of cement during hardening as well as with moisture
exchange with the environment, while other researchers
clustered the concrete cracks based on the appearance of
cracking to be observed such as random cracking due to
excess water in the mix, map cracking by drying shrinkage,
and concrete overfinishing, transverse cracking caused by
contraction or shrinkage as the concrete cures and gives up
its moisture content, corner cracking by unequal drying
shrinkage, and reentrant crack mainly by high-stress con-
centration around a joint [9–12]. In addition to this, for
further understanding the crack characteristics which were
shown mostly on the face of concrete structure not only
restricted to early-age concrete but also incorporated in the
rigid concrete during its design life due to different factors of
environment and loading conditions [4], therefore, it is
important to understand types of crack, crack patterns or
characteristics, their causes, and the preventive measures to
control the cracks [11, 12] as shown in Figures 1–7 during
maintenance and rehabilitation based on standard specifi-
cation procedures.

Researchers have studied increasing concrete’s tough-
ness by integrating a dispersed fiber in the concrete matrix to
overcome the cracks and defects observed on a concrete
structure.)e experimental results have been accepted as the
best remedial for improving energy absorption, stiffness, and
mechanical property compared to usual concrete. Also, it is
one mechanism of the crack resistance or crack arrest in
concrete during its design life [13–15]. )is technique has
been used at an earlier time for strengthening the inelastic
composite for the construction material. Spread fibers can
avert cracks and their propagation differently as crack ar-
rester mechanism in brick production for house construc-
tion [16].)erefore, the use of dispersed fiber in the concrete
matrix as a construction material utilized on various oc-
casions shows that its results have improved mechanical
properties compared to ordinary concrete property [17],
such as flexural strength and compressive strength.

2. Natural Fiber

Fibers are a small-short, distinct strengthening material
prepared by various materials such as steel, plastic, glass,
carbon, and natural constituents in several shapes and sizes
for different applications [18] such as composite parts for
automobiles and aerospace. Natural fibers were grouped
based on their sources into subsequent clusters: animal,
mineral, and plant, as illustrated in Table 1. Among these,
plant fibers are the utmost usually admitted fiber by the

Figure 1: Map cracking (crazing) [12].

Figure 2: Plastic shrinkage cracking [12].

Figure 3: Scaling [12].

Figure 4: Surface polishing [12].
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manufacturing for different applications and a current
crucial research area for scholars worldwide to replace
synthetic materials and nonrenewable resources. )is is
mostly because they have insignificant growth age, low cost,
illimitability, eco-friendly materials to the environment, and
broader availability [19]. )is specific review mainly focuses
on the plant fibers (Cellulose/Lignocellulose), but the others
have been restricted to the industrial application due to toxic
or health problems for human beings and limited usages or
resources. Natural fibers in nature have numerous paybacks

over artificial fibers such as accessibility, low cost, low
density, good modulus-weight ratio, high acoustic damping,
lower industrial energy expenditure, low carbon footprint,
and being decomposable [20]. Other researchers give more
striking pieces of evidence for clear benefits such that their
cost is much less when compared to other materials during
composite production, and it requires fewer energy re-
quirements than traditional reinforcing fibers such as glass
and carbon [21]. Conversely, natural fibers have some
limitations due to the lower reliability of properties in nature

Figure 5: Surface wear in the wheel paths [12].

Figure 6: Popouts or mortar flaking [12].
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Figure 7: Effects of plasma and cationizing manners in the surface functionalization of the cellulose constituting the cotton fiber [47].
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and their excellence. )is fiber has a radical inconsistency of
physical and mechanical properties, more excellent hu-
midity absorption, less stability, lower strength, and lower
processing temperature [22–24].

2.1. Chemical Composition of Natural Fibers. )e chemical
composition of natural fibers consists of cellulose microfi-
brils in amorphous lignin and hemicellulose composition
matrix. )e lignocellulose cell wall looked up as naturally
happening as a compound structure of spirally oriented
form with numerous biochemical mixtures [25]. )e fun-
damental chemical conformation of plant fibers is ligno-
cellulose (cellulose, hemicellulose, and lignin), and the
quantity of these constituents varies from plant to plant
because of age, species, and also being somewhat dissimilar
from portions of the same plant [26]. )e topographic
nature and climate discrepancy affect its chemical compo-
sition of cellulose fibers [27]. Table 2 demonstrates the
variety of the typical chemical elements of the wide avail-
ability of plant types. Cellulose is a linear macromolecule
comprising D-anhydroglucose iterating items linked by b−1,
four glycosidic linkages. It delivers strength, toughness, and
structural constancy for the plant. Hemicelluloses are
branched polymers holding five- and six-carbon sugars of
several chemical structures; lignin is an amorphous, cross-
linked polymer network containing an asymmetrical group
of differently joined hydroxy- and methoxy-substituted
phenylpropane parts [28]. Lignin is not as much cellulose
but a chemical epoxy resin within and between the fibers.
Pectins are multifaceted polysaccharides; the principal
chains contain an improved polymer of glucuronic acid and
rhamnose residues. )eir side chains are plentiful in
rhamnose, galactose, and arabinose sugars. Calcium ions
often cross-link the chains; they recover structural honesty
in pectin-rich zones. Lignin, hemicellulose, and pectin to-
gether gather as matrix and epoxy resin to grasp the cel-
lulosic framework structure of the most common chemical
composition of natural fiber composite [28–30].

Currently, researchers’ awareness increases for effective
and economical utilization of the entire plant fibers as the
possibility of making better quality fiber-reinforced polymer
composites for structural and construction material and
other purposes. Due to the abundance of natural resources in
a wide range globally, this leads to the development of
unusual materials instead of human-made materials [31].

Some researchers have been exploring the opportunity to
utilize natural fibers to replace human-made fibers in fiber-
reinforced composites. Natural fibers have numerous
properties such as low density, low cost, sustainability, high
specific properties, and biodegradability. Nevertheless, they
have some shortcomings while operating in compound
materials such as low compatibility with various matrices,
high moisture absorption, and swelling property that in-
dicates the establishment of cracks in brittle matrices
[32–34]. Natural fibers provide a remarkable property
during the last formation of composite output, significantly
when associated with the atmosphere’s protection, such as
their capability to be biodegradable, renewable, and small
abrasive and harmful [35]. )erefore, some benefits related
to natural fibers’ usage as strengthening in plastics are their
nonabrasive nature, biodegradability, low energy con-
sumption, and low cost.

Furthermore, natural fibers have low density and high
specific properties. )e specific mechanical properties of
natural fibers are like the traditional reinforcements [36].
Hence, inherent properties of natural fibers can fulfill the
requirement of the international market [37]; specifically,
manufacturing has a concern of a self-weight reduction
(i.e., automotive [38], aerospace) for industrial products.
)at is why scholars are looking for potentially replacing
nonrenewable human-made fibers with natural fibers
[39].

Still, the hydrophilic nature of natural fibers is a foremost
disadvantage for their application as reinforcement for
composite manufacture; in addition to this, their weak
moisture resistance of natural fibers that lead to incompati-
bility with different matrix fibers and poor wettability with
hydrophobic polymers, and this natural property reduced the
interaction bonding at the fiber-matrix interface [40].

)erefore, to utilize natural fibers for different appli-
cations for structural and nonstructural composite mate-
rials, their inherent properties should be modified to
accelerate adhesion to other matrices as composite and avoid
their limitation for the required application.

3. TheValue of Improving theCharacteristics of
Natural Fibers

Currently, one of the challenges facing the researchers and
industrial sector to fully apply natural fiber for the different
applications as a composite material was its disadvantage,

Table 1: Natural fiber classification [19]].

Natural fiber classification

Natural fiber

Cellulose/lignocellulose

Bast Flax, hemp, jute, kenaf, ramie
Leaf Abaca, banana, pineapple, sisal
Seed Cotton, kapok
Fruit Coir
Wood Hardwood, softwood (e.g., eucalyptus)
Stalk Wheat, maize, oat, rice

Grass/reed Bamboo, corn

Animal Wool/hair Cashmere, goat hair, horsehair, lamb wool
Silk Mulberry

Mineral — Asbestos, ceramic fiber, metal fiber

4 Advances in Civil Engineering



such as weak fiber-matrix interfacial connection, week us-
ability, water absorption, and moisture absorption. )e
hydrophilic nature of the natural fibers affected the weak
interfacial interface between the polymer matrix and the
fiber. )erefore, to optimize the fibers’ mechanical prop-
erties for the intended purpose, the limitation of natural
fibers should be avoided by using chemical treatment
techniques to improve the surface morphological of the
fibers to avoid unwanted materials from the surface of fibers
[41–44].

3.1. Surface Modification Techniques. Researchers are cur-
rently focusing on the different techniques to change natural
fibers’ surface for diverse industrial application [32]. Before
utilizing as a compound material, the natural fibers’ surface
morphological characteristics should be modified in order to
upsurge the surface unevenness of the fibers, to enrich the
interfacial interaction between the matrix and the fiber, and
also to avoid the shortcoming of natural fiber that comprises
weak fiber-matrix interfacial attachment, low wettability,
water absorption, and moisture absorption. )e week in-
terfacial interaction of polymer matrix and fiber occurs due
to the hydrophilic nature of natural fiber [40]. )erefore,
that was why we should improve natural fibers to be adopted
for application as a compound material. Moreover, mostly
used techniques to enhance the mechanical characteristics
and fiber’s surface were discussed here.

3.1.1. Physical Techniques. )is is the simplest method of
fiber modification used by the human being adopted earlier
for a different utility such as ropes, clothing, and hunter-

gatherer used by the help of physical processes of plant fiber
packages which were disconnected to distinct threads to the
essential purpose to obtain fibers. )erefore, a typical ex-
ample of physical techniques was plasma treatment, which
was effectively engaged to adapt the surface of numerous
natural fibers by human beings, and there was an im-
provement in mechanical properties of natural fibers when
carrying plasma treatment [45]. It is a process by which
surface polymer functional clusters were replaced by unlike
atoms from ions in the plasma to raise surface energy.
Plasma activation is regularly utilized to make a surface for
connection. Surface contact to active species breakdowns the
polymer at the surface, generating free radicals. Plasma
comprises ultraviolet (UV) radiation at great stages, making
new free radicals on the natural fiber surface. Free radicals
speedily reply with the material itself due to unsteadiness.
)is makes the surface create a strong covalent bond be-
tween them [46, 47] as shown in Figure 7 on the cotton fiber.

Research carried by [48] shows a flexural strength of the
compound material equipped with fiber treated by plasma
which indicated that approximately 14% increments
matched new fiber amalgams. )e plasma treatment carried
on cellulosic fibers [49] added activation sites and attach-
ment of polymer deposits; it shows an increase of 70% fiber-
matrix interface strength. Nevertheless, the tensile strength
of treated compounds was only improved by about 4%
matched to that of raw ones; also, Young’s moduli of the
composites were increased by 70%, but this method requires
much energy during preparation. )erefore, additional re-
search investigation should be needed to reduce the lengthy
processing of traditional methods with that of the modern,
consistent treatment technology to reduce more energy

Table 2: Chemical composition of some common natural fibers [30]].

Fiber Cellulose (wt. %) Lignin (wt. %) Hemicellulose (wt. %) Wax (wt. %)
Bast
Flax 71 2.2 18.6–20.6 1.7
Hemp 70.2–74.4 3.7–5.7 17.9–22.4 0.8
Jute 61.0–71.5 12.0–13.0 13.6–20.4 0.5
Kenaf 31.0–39.0 15.0–19.0 21.5 —
Ramie 68.6–76.2 0.6–0.7 13.1–16.7 0.3
Leaf
Abaca 56.0–63.0 7.0–9.0 20.0–25.0 3
Curaua 73.6 7.5 9.9 —
Henequen 77.6 13.1 4.0–8.0 —
Pineapple 70.0–82.0 5.0–12.0 — —
Sisal 67.0–78.0 8.0–11.0 10.0–14.2 2
Seed/fruit
Coir 36.0–43.0 41.0–45.0 0.15–0.25 —
Cotton 82.7 — 5.7 0.6
Oil palm 65 — 29 —
Grass
Bagasse 55.2 25.3 16.8 —
Bamboo 26.0–43.0 21.0–31.0 30 —
Straw
Rice 41.0–57.0 8.0–19.0 33 8.0–38.0
Wheat 39.0–45.0 13.0–20.0 15.0–31.0 —
Others
Rice husk 35.0–45.0 20 19.0–25.0 14.0–17.0
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during preparation and also to increase the mechanical
property of fibers more than untreated fibers.

3.1.2. Chemical Treatments. Chemical treatments utilized
chemical agents to alter the interaction and surface char-
acteristics of the natural fibers by numerous appliances such
as the disregarding weak periphery on the strata of fibers,
changing the acidity-alkalinity of the fibers, and making
reliable and elastic stratum on top of the fiber’s surface [25],
or a method to boost the contact among the fibers and
polymer matrix is commonly carried out by cleaning the wax
and lignin from the fiber surface to increase mechanical
interconnection and acts as “bridge” the hydrophilic cel-
lulosic fiber and the hydrophobic plastic with functional
molecules, which react with both the cellulose OH and the
polymer functional groups [40, 50]. Several handling aids
and pairing agents have been utilized to strengthen the
spreading and connection of fibers. From this perspective,
numerous approaches have been suggested by attempting
the artificial biochemical alteration of the fibers and service
for polymers adept at pairing with the hydroxyl groups of the
surface cellulosic reduction while applying such chemical on
their surface. )e presence of cellulose in the fiber, hy-
drophilic in nature, upsets the interfacial attachment be-
tween the polymer matrix and the fiber because the matrix is
hydrophobic [51].

(1) Alkali Treatment. )e researcher frequently uses this for
treating natural fibers for different applications with the help
of NaOH solution for a specified duration time. Partly, it
eliminates lignin and hemicellulose and entirely eliminates
pectin, wax, and other organics from the fibers’ surface.
After this treatment, additional cellulose molecules are
unprotected, enhancing a connection between the fiber and
matrix [52]. )e quantity of NaOH concentration, drying
temperatures, and the treatment time are all leading issues
that govern compounds’ mechanical properties during the
last stage [53]. Different procedures were adopted in [54] to
consider the effect of alkali treatment on various natural
fibers without mechanical conduction tests on composite
material; this study was energetic in understanding its effect
on the fibers’ crystallinity index. )ese studies indicated that
the lower the concentrations of alkali treatment, the higher
the crystallinity index, which is selected for promoting better
fiber to matrix bonding during composite material forma-
tion. )e studies confirmed this conclusion carried out by
[55]. Alkali-treated pineapple leaf and sisal fibers with 5%
aqueous solution in a polyester resin matrix show a more
excellent tensile and impact strength than the ones treated
with a 10% solution. )is indicates that the low concen-
tration of the NaOH solution prompted hydrophobicity in
the natural fibers. Additional investigation of scanning
electron microscope (SEM) micrographs also showed a
higher NaOH concentration in fiber degradation. However,
the mercerization of oil palm fibers with a 5% alkali solution
at ambient temperature resulted in lower tensile strength in
their composites with phenol-formaldehyde. Despite that, a
13% increase in Young’s modulus and a 3% growth in

compressive moduli were detected in treated specimens.)e
compressive strength also increased by 53% after alkaliza-
tions. )e hydrophilicity of the PF matrix could explain
these results. )e hydrophobic treated fibers lose their
compatibility with the hydrophilic matrix, and the me-
chanical properties deteriorate [56]. Also, another research
[57] prepared composite materials with alkali-treated hemp
and recycled high-density polyethylene (HDPE). )e au-
thors observed 56.8% and 61.7% enlargement in tensile
strength andmodulus, respectively.)ese alkali-treated fiber
studies show that the arguments made in [54] are valid. )e
amount of alkali concentration played an essential function
in the resulting composite materials’ ultimate mechanical
properties.

(2) Silane Treatment. Silane coupling agents possess alkoxy
groups that react with the polymer functional group and
organofunctional groups that enter into reaction with the
cellulose’s OH group. Alkyl bridges connect the silicon
atom to the organofunctional groups [52] and a standard
modification method of fibers intended for use in com-
posite materials. According to the study [58], sugar palm
fibers are treated with 2% saline and 6% sodium hydroxide
for 3 hrs. It indicates an improvement in the boundary
interface between the fiber and thermoplastic polyurethane
after the treatments. )is method works as a combination
proxy, and hence, its improvements in mechanical prop-
erties are observed in the experiment’s result [59]. )e
surface treatment carried out in [60] on the jute fiber was
modified. Silane coupling proxy treatment was performed
out in purified water with 5% silane coupling amount for an
hour at 25°C. Consequently, the samples are dried in the
electronic furnace for 24 hours at 50°C. )erefore, the
experimental result shows that the compound’s tensile and
flexural creep strain by silane treatment was reduced when
compared with untreated fibers. Based on various literature
studies, the amount of added silane agents varied between 1
and 5%, whereas the hydrolysis period, the extent of silane
concentration, temperature, and pH are the principal as-
pects influencing the silane treatment’s efficiency. )is
experimental result confirmed that the silane pairing
agent’s interface altered the fiber and the matrix more
resiliently than that of alkaline treatment; this led to
composites with greater tensile strength from silane-
treated fiber than alkaline-treated fiber [61] due to addi-
tional treatment.

(3) Acetylation Treatment. )e means of announcing an acetyl
group on the fiber surface is executed to shrink the fibers’
hydrophilic nature by presuming constancy to the compound
material and upsurge the bond fiber-matrix properties. It builds
a rigid connection established between the compound con-
stituents; consequently, it creates outstanding composite per-
formance. )e OH groups of the fibers rejoin with the acetyl
groups, which makes the fibers further hydrophobic in nature
[62]. Furthermore, lignin and hemicellulose comprise the hy-
droxyl group and react with acetyl groups to develop hydro-
phobically. Frequently, formerly, the treatment was with glacial
acetic acid, and the natural fiber is alkali-treated. Acetylation
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treatment of sisal fiber was stated to enhance the fiber-matrix
bond. )e steps to be followed encompassed an alkaline
treatment, to begin with, followed by acetylation. According to
[55], by considering an acetylation treatment of sisal fibers, then,
dewaxed sisal fiber was submerged in 5% and 10% NaOH
solution for an hour at 30°C; the alkaline-treated fiber was
saturated in glacial acetic acid for an hour at 30°C; it was poured
and soaked in acetic anhydride encompassing one droplet of
concentrated H2SO4 for 5min. An experiment conducted in
[63] preserved natural sisal fiber with 18% sodium hydroxide
solution, then in glacial acetic acid, and lastly in acetic anhydride
having two droplets of concentrated H2SO4 for one hour. )e
treated surface of sisal fiber seemingly became heavier and had
numerous spaces that provide a well mechanical connection
with the polystyrene matrix. A hypothetical prototype of the
interface among the sisal fiber and polystyrene compounds has
been recommended. Later, preserved cellulose fiber com-
pounds’ thermal stability was more remarkable than that of
untreated fiber compound because treated fibers’ higher ther-
mal stability enhanced better fiber-matrix interactions in
composites. )erefore, acetylation cellulose fiber-reinforced
polyester composites demonstrate a great bioresistance, but
small tensile strength defeat, when related to composites with
silane-treated fiber [64].

(4) Maleic Anhydride Treatment. )is is one of the most
commonly used coupling agents to strengthen the compounds
with natural fibers and nonpolar polymers. )e compounds’
mechanical properties increase as the pairing agent is involved
in the fiber surface and integrates a polymer on the other end.
)e flexural strength of jute-polypropylene increased by 40%
with maleic anhydride-polypropylene treated jute fibers, and
also, a 90% increment on the flexural modulus was observed in
the experimental result [65]. Besides being used with virgin raw
materials, these coupling agents have also been incorporated in
composites with recycled materials. Maleic anhydride grafted
polypropylene was used with composites manufactured from
recycled waste plastic and waste sawdust, and this combina-
tion’s mechanical properties were investigated.)e result shows
improved tensile and compressive and flexural properties of
recycled and virgin polypropylene composites with maleic
anhydride-polypropylene (MAPP) treatment to their controls
[66]. An alternative investigation carried out with wood floor-
polyethylene composite, maleic anhydride treatment of the
filler, ensued a 50% upsurge in tensile strength and a 40%
upturn in flexural strength compared to their controls [67]. It
concluded that the experimental analysis, maleic anhydride
coupling agents could improve cellulosic fillers’ adhesion to
nonpolar polymers regardless of the polymer type.

(5) Benzoylation Treatment. Benzoylation treatment enhances
fiber-matrix connection by a noticeably increment in the
strength of compoundmaterial, decreasing its water immersion
and modifying its thermal stability [68]. During this treatment,
the fiber-matrix bonding was improved, and its strength of the
composites also increases. Using benzoylation chemical, the
fibers were initially preserved with NaOH mixture for 15min;
then, subsequently, a benzoyl chloride (C6H5COCl) treatment
was carried out. Later, a minute of duration, the fibers remained

quarantined and treated with ethanol, and then finally, it was
allowed to dry for 24hrs in an oven at 80°C; after that, it was
washed with distilled water several times [69]. From the ex-
perimental analysis, the treated fibers show more thermal
stability than that of the untreated fibers. )is result is mostly
dependent on alkali treatment like other coupling agents; this
indicates that alkali treatment is essential for further surface
treatment of natural fibers.

3.1.3. Biological Treatments. )is method encompasses the
utilization of naturally occurring bacteria such as bacteria
and fungi. )e process was carried out in aqueous atmo-
spheres and it is somewhat low-priced to execute, but
regularly, it consumes more time and it pollutes water in
nature. )e most embraced method of natural fiber treat-
ment is retting treatment.)e humiliation of plant organizes
retting stalks from the bast fibers’ discharge from their fiber
packages and distinguishes them from the woody core and
epidermis [46]. )roughout the retting process, bacteria
(predominantly Clostridia species) and fungi release en-
zymes to degrade pectin and hemicellulose compounds in
the middle lamella among the individual fiber cells. )is
method was less expensive, energy-intensive, and more eco-
friendly than chemical treatments, and it has low scalability
and difficulty in controlling the processes, which are the
main disadvantages of these kinds of fiber treatment [41].

4. Other Advantages of Treatments on
Natural Fibers

Besides the enhancement in wettability, biochemical clus-
ters, surface morphology, and tensile strength of the fibers,
by modifying their microstructure, the natural fibers’
chemical treatments mostly enrich the mechanical belong-
ings of the natural fiber [70]. )e interfacial bond was
improved by the fiber’s chemical treatment between the
polymer matrix and the fiber surface, the composites’
thermomechanical properties.)e subsequent improvement
in the tensile strength, the chemical treatment of ramie fi-
bers, has shown the treatment of fibers with saline or alkaline
or the combined treatment [71]. One of the implemented
practices adopted to diminish the natural fibers’ hydrophilic
nature in industrial applications by chemical treatment and
the matrix improves the adhesion. )is is due mainly to
removing noncellulosic substances, and the morphological
and structural fluctuations can be detected in the treatment
of the fibers. )e compound’s material properties were
reported with significant improvement when various
chemical treatments and the composites were reinforced
with the natural fiber to increase the thermal stability [72].

5. Comparison in terms of Energy
Consumption during Processing

)emore attractive way to compare different natural fiber
treatment methods based on a different aspect such as life
cycle assessment was the main criteria for selecting more
suitable treatment techniques for natural fibers to avoid
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inherent property such as the week characteristics be-
tween fiber and matrix and a comparative moistness
absorption by keeping the advantage of natural fibers
related to human-made fibers. A review study conducted
in [73] stated that the comparison method of treatments
of natural fibers carried out on the extent of energy spent
in the treatment practice (mixing, drying, and wash) and
effluent (predefined for management) maleate treatment
was selected among the other treatment methods as il-
lustrated in Figure 8. Using this method, there was no
consumed specific energy during the treatment process.
However, there was no effluent energy during production
due to this maleated treatment selected, and other
treatment methods consume different types of energy.
)is study’s gap was that there is only one source of data
taken from the company regarding energy consumption
and effluent energy; also, it did not consider other pa-
rameters for comparison. However, other techniques
such as the physical (plasma) and biological (enzyme)
treatments were not studied due to the absence of ade-
quate evidence concerning the energy intake utilized in
these methods, and also currently, there was limited
treatment adopted, which was restricted on a small scale
in the laboratory.

)erefore, based on this literature review, there were no
specific treatment techniques among them while selecting
the best one according to criteria. It should include all
parameters to consider starting from the stage from the
cradle to the grave, cost of chemicals, transportation, and
labors, including energy consumption and effluent energy.
Additionally, their environmental effects are also investi-
gated in detail to compare each other.

6. Some of the Applications of Fibers in
Concrete Technology

Due to various kinds of manufacturing in building engi-
neering, the applications of fiber-reinforced concrete ma-
terials incorporated in composites are reliable and expanded
worldwide, especially in developed countries [74].)erefore,
one of the reasons to use fiber-reinforced concrete as
composite material when compared to plain concrete is the
fact that it has many characteristics observed in the ex-
perimental investigations of different researchers looking for
a positive outcome, such as the following:

(i) It acts as a mechanism for crack arresting and crack
control as a solution in concrete technology [75]

(ii) It increased flexural strength, postcrack load-
bearing capacity, toughness, and viscosity in the
fresh state [15]

(iii) It enhanced excellent mechanical performance and
its properties such as strength, toughness (rigidity),
permanence, and ductility [76]

(iv) It shrinks the specific weight and density in a
lightweight invention material that is both energy-
efficient and cost-efficient in application [74]

(v) It avoids the existence of reduction, cracks, spalling,
and puffiness in concrete during casting [77]

(vi) Reduction of pavement thickness in the rigid
pavement as compared to the plain concrete slab
and use of natural fibers, as reinforcement of
composites (such as cement paste, mortar, and/or
concrete), are economical for increasing their
certain properties, for example, tensile strength,
shear strength, and toughness [78]

(vii) Higher energy absorption was observed for fiber-
reinforced foamed concrete compared to the plain
foamed concrete, which was attributed to the fibers’
enhanced toughness and ductility [79]

)e applications of natural fiber composites are found
in building and construction, aerospace, sports, and
more, such as partition boards, ceilings, boats, office
products, and machinery. Most applications of natural
fiber composites are concentrated on nonload-bearing
indoor components in civil engineering because of their
vulnerability to environmental attack. Green buildings
are wanted to be ecologically mindful, suitable, and
healthy places to live and work. Biocomposite is con-
sidered one of the major materials utilized as a part of
green materials at this time. It could be categorized, with
regard to their application in the building market, into
two principal products: firstly, structural biocomposite,
which includes bridge as well as roof structure, and
secondly, nonstructural biocomposite, which includes a
window, exterior construction, composite panels, and
door frame [80]. )e wide advantages of natural fiber-
reinforced composites such as high stiffness to weight
ratio, lightweight, and biodegradability give them suit-
ability in different applications in building industries and
also have good properties of thin-walled elements such as
high strength in tension and compression, made of sisal
fiber-reinforced composites, which give it a wide area of
applications, for instance, structural building members,
permanent formwork, tanks, facades, long span roofing
elements, and pipe strengthening of existing structures.
On the other hand, bamboo fiber can be used in structural
concrete elements as reinforcement, while sisal fiber and
coir fiber composites have been used in roofing com-
ponents to replace asbestos. Natural fiber-reinforced
concrete products in construction applications like sheets
(both plain and corrugated) and boards are light in
weight and are ideal for use in roofing, ceiling, and
walling for the construction of low-cost houses [34].
Fiber-reinforced concrete increases the static and dy-
namic tensile strength, energy-absorbing characteristics,
and good fatigue strength; nowadays, it is used as overlays
of the airfield, road pavement, refractory linings, etc. )e
isotropic properties of concrete are provided by uniform
dispersion of fibers compared to conventional reinforced
concrete, so, fiber-reinforced concrete is also nowadays
used in the fabrication of precast members like pipes,
boats, beams, staircase steps, wall panels, roof panels, and
sanitary man-holes covers [81].
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Others mostly utilized the application of natural fiber in
the biocomposite material in building materials, as illus-
trated in Table 3.
7. Summary and Conclusions

)e application of natural fibers in the composite material is
increasing on the industry level due to several advantages it
has over synthetic fibers. Natural fibers’ surface treatment is
crucial to replace synthetic fiber with natural fibers to
mitigate global warming. To entirely avoid natural fibers’
limitation composites such as weak fiber-matrix interfacial
adhesion, water absorption, low wettability, weak interfacial
contact between the polymer matrix and the fiber, moisture
concentration, and the natural fibers’ hydrophilic nature, a
chemical treatment was adopted.

According to this literature review, different re-
searchers use different surface modifications based on
their availability and interest. However, there were no
specific types of chemicals for specific fiber type’s treat-
ment from the researchers’ point of view. )ere are dif-
ferent techniques discussed in this literature review, such
as physical, chemical, and biological methods. )e typical
example of physical techniques was that plasma treatment
effectively modified various natural fibers’ surfaces and
significantly improved their mechanical properties.
However, it requires a lengthy process to obtain fiber and
consumes much energy to produce it. Based on this re-
searchers’ investigation, the lengthy process of traditional

methods should reduce adopting modern, consistent
treatment technology. )is significantly reduces the en-
ergy required during preparation and increases me-
chanical property. Several treatment methods are utilized
by different researchers in different areas based on their
interest and availability of alkali, silane, acetylation,
maleic anhydride, and benzoylation. Alkali treatment is
one of the earlier used methods for treating fiber sup-
porting OH chemicals at different concentrations at a
specified time to alter the surface of fibers in the final
mechanical properties of the resulting composite con-
stituents. At lower alkali treatment concentrations, the
higher crystallinity index is selected for promoting better
fiber to matrix bonding during composite material for-
mation. Silane treatment acts as a pairing agent that al-
tered fiber and the matrix and was more reliable than
alkaline treatment. It creates a composite with a higher
tensile strength than alkaline-treated fiber. In order to
apply this method, first, the fiber is treated by alkali; that is
why there is more improvement than the alkali treatment
method. Acetylation treatment establishes an acetyl group
on the surface of the fibers, utilized to moderate the
hydrophilic nature of fibers by giving a constancy to the
composite materials, and upturns the fiber-matrix bond
performance by creating a durable connection formation
between the composite materials. In addition, it improves
thermal stability when compared to untreated fibers.
)erefore, this method shows a greater bioresistance and

Table 3: Applications of the biocomposite [82].

Parts Material used

Applications

Panel Sisal jute Sandwich composites
Door and panels Bamboo mat composite

Roof Jute coir composite
Furniture Jute pultruded door frames, medium-density composites

Cupboards, wardrobes Natural fiber-reinforced boards
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Figure 8: Energy intake for various chemical treatments per unit of natural fiber [73].
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fewer tensile strength than composites with silane-treated
fiber. Maleic anhydride treatment acts as a pairing agent to
strengthen the composites with natural fibers and non-
polar polymers and improves cellulosic fillers’ adhesion to
nonpolar polymers regardless of the polymer type. Ben-
zoylation treatment of fiber improves fiber-matrix ad-
hesion with a noticeably increment in the strength of
composite material. Also, it declines its water absorption
and enhances its thermal stability. )is method mostly
depends on alkali treatment results like other coupling
agents; this indicates that alkali treatment is essential for
further surface treatment of natural fibers. )e biological
methods are more successful at a laboratory scale than
those of an industrial scale; subsequently, various pa-
rameters have to be considered and controlled during

adopting treatment for surface modification. )e ad-
vantage and disadvantages of the main treatment tech-
niques are summarized in Table 4.

)erefore, based on this literature review, there were no
specific treatment techniques among them while selecting
the best one according to criteria. It should include all
parameters to consider starting from the stage from the
cradle to the grave, cost of chemicals, transportation, and
labors, including energy consumption and effluent energy.
Additionally, their environmental effect was also investi-
gated in detail to compare each other.
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Table 4: Main advantage and limitation of each treatment technique.

Advantage Limitation References

Surface
treatment
techniques

Physical
method Plasma method

(i) It eliminates softly unwanted parts
from a surface layer or develops a
novel functional cluster. (i) Being degraded and modifying

the surface of fiber arise due to the
etching mechanism that creates pits
on the external fiber zone.

[83, 84]
(ii) It successfully modifies the surface
properties and eliminates the
operation of biologically harmful
elements.
(iii) No change occurs in the bulk
properties of treated fibers.

Chemical
treatments

Alkali treatment

(i) It successfully removed impurities
(hemicelluloses and lignin).

(i) A large amount of water is needed
for washing and also long
pretreatment resident time.

[85, 86](ii) It can alter the smooth surface to
be rough fiber surfaces by preparing
well mechanical meshing and more
muscular interfacial strength of the
fiber-matrix.

(ii) Its mechanical property depends
on the percentage of alkali solution
treatment, duration, and
temperature.

Silane treatment

(i) It enhances hardiness and lowers
water absorption of the fibers
subsequent in hydrophobic
composites.

(i) It is a coupling agent that
depends on the treatment of the
alkali solution.

[87, 88]

(ii)It improves the thermal stability of
the composites.

Acetylation
treatment

(i) It improves crystallinity, reduces
water adsorption capacity, and
increases the fiber-matrix adhesion
properties.

(i) It enlarges acetylation, reducing
mechanical properties due to the
degradation of cellulose and
cracking of fibers.

[89, 90]

Maleic
anhydride
treatment

(i) It increases fiber-matrix adhesion
and thermal stability and also reduces
water.

(i) It is highly motivated by
compactness, temperature, and fiber
loading.

[91, 92]
(ii) It improves the property of
composite material.

Benzoylation
treatment

(i) It decreases the hydrophilicity,
improves the fiber-matrix bond, and
also enhances the strength of the
composite.

(i) It is a coupling agent that
depends on the treatment of the
alkali solution.

[87, 93]

Biological
treatment

Retting
treatment

(i) It is eco-friendly with surrounding
and has lower energy consumption
during processing excluding or
diluters.

(i) Low scalability is limited to the
laboratory.

[94, 95]
(ii) It improves fiber surface
spotlessness and separated fiber
bundles.

(ii) It partly eradicates pectic and
hemicellulose constituents in
cellulose fiber.
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