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Sustainable development of environmentally friendly materials that competes the existing material is a great 
challenge to material engineer. In recent years, the NFRPCs are 
composites in day to day applications, being superior in strength to weight ratio, biodegradability, cost, non
toxicity, etc. Many researchers are working for the sustainable development of NFRP composites. The paper 
presents different fiber surface pre-
characteristics of NFRP composites. The main objective of pre
rough by removing the lignin and hemicelluloses contents. The surf
etc.) is achieved by the various physical (beating, heating, etc.) and chemical pre
acylation, benzoylation, acetylation grafting, fatty acid derivatives, sodium chloride, el
pre-treatments improve the resistance to moisture absorption and provide better interfacial bonding. Consequently, 
the pre-treated NFRPCs have better physical and mechanical properties than the pristine polymer. The literature
reveals that the overall physical and mechanical properties of NFRPCs are highly dependent on morphology, aspect 
ratio, hydrophilic tendency and dimensional stability of natural 
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ABSTRACT 

 
Sustainable development of environmentally friendly materials that competes the existing material is a great 
challenge to material engineer. In recent years, the NFRPCs are substituting conventional synthetic 
composites in day to day applications, being superior in strength to weight ratio, biodegradability, cost, non
toxicity, etc. Many researchers are working for the sustainable development of NFRP composites. The paper 

-treatment methods and their effects on the physical and mechanical 
characteristics of NFRP composites. The main objective of pre-treatment on natural fiber surface is to make surface 
rough by removing the lignin and hemicelluloses contents. The surface improvements (cleaning, roughing, coating, 
etc.) is achieved by the various physical (beating, heating, etc.) and chemical pre-treatment methods (saline, alkali, 
acylation, benzoylation, acetylation grafting, fatty acid derivatives, sodium chloride, electroless coating, etc.). The 

treatments improve the resistance to moisture absorption and provide better interfacial bonding. Consequently, 
treated NFRPCs have better physical and mechanical properties than the pristine polymer. The literature

reveals that the overall physical and mechanical properties of NFRPCs are highly dependent on morphology, aspect 
ratio, hydrophilic tendency and dimensional stability of natural fibers. 
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Introduction 

In recent years, Natural Fiber 
Polymer Composites (NFRPCs) are gaining 
importance over the conventional synthetic 
fiber reinforced polymer composite from the 
economical, ecological, environmental, 
changing government regulations, easy 
availability, etc. NFRPCs possess various 
favorable properties analogous to the 
conventional materials such as light in 
weight, low density, biodegradable, less 
energy requirement for processing, less 
hazardous, good mechanical, thermal and 
tribological properties [1]. These composites 
have wide application potential in the area 
of construction, automotive, aerospace, 
electrical, electronic industries, parts of 
agricultural equipment’s, packaging, 
biomedical and furniture, etc. [2]. Hennery 
ford made full car body using hemp 
[3]. Faruk et al. concluded that by 2020 the 
worldwide demand of bio-based plastics will 
be 3.45 million tonnes [4]. 

 Natural fibers have been used as a 
reinforcement material for the last eight 
centuries. Lots of research are being carried 
out for the sustainable development of 
NFRPCs. Different modification techniques 
and methodologies such as hybridisation of 
fiber, surface pre-treatment, mixing of long 
fiber with particulate fiber, orientation of 
fiber, woven fabric, etc. are employed to 
make them compatible with the polymer 
matrix by removing the hemicelluloses, 
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, orientation of 
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lignin and waxes from the fiber
mechanical properties of NFRPCs can be 
improved by incorporating the coupling 
agent along with the fiber and matrix [5]. In 
1963, Bridge ford recognised the olefinically 
unsaturated monomers as treating agent for 
wood fibers [6] that was modified by other 
researchers (Gulina et al.1965; Kokta et al. 
1972). In 1968, Mayer suggested that 
mechanical properties of wood polymer are 
enhanced by using the coupling agent [7] 
[8]. The chemical treatment creates a strong 
bond between the fiber and polymer matrix 
[9]. The addition of coupling agent during 
amalgamation also improves the 
compatibility of fibers with the matrix 
material. The chemical treatment agent 
consists of coupling agent, surfactants, 
compatibilizers and dispersing agents [8]. 
Weyenberg, et al. (2003) obser
improvements in mechanical properties of 
flax fiber composites after applying the 
chemical treatment on the fiber

Hygroscopicity, non-compatibility between 
the fiber and matrix, low thermal stability, 
nonlinear stress-strain behavior
major drawbacks associated with the 
NFRPCs [11]. The chemical structure of 
natural fibers consists of different 
percentage combination of hemicelluloses, 
lignin, cellulose, and wax. The presence of 
hemicelluloses, lignin and waxes weakens 
the interfacial bonding between the 
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matrix that result into composites 
susceptible to the moisture absorption. 
Moreover, weak interfacial bonding causes 
uneven stress transmission between the 
and matrix that results the failure of 
composite. Different chemical and physical 
pre-treatment methods are employed for the 
improvement of fibersurface. Fiber
modification is carried out by altering the 
chemical composition of fiber
surface coating and using the coupling agent 
with fiber-matrix to reduce the demerits 
associated with poor bonding in NFRPCs 
[12]. The chemical treatment makes the 
fiber surface rough. Alkali, saline, acylation, 
fatty acid derivatives, benzoylation, etc. are 
commonly used for the treatment of 
surfaces [13] [14] [15] [16]. Different 
coating techniques are used for enhancing 
the properties of NFRPCs [17]. 

The aim of present paper is to review the 
works associated with the natural 
surface pre-treatment methods and to study 
its effects on the mechanical propert
NFRPCs. 

Natural Fibers 

Plants, animal waste, fruit waste and natural 
mineral are the major sources for natural 
fibers. A plant which produces natural 
is categorized as primary and secondary 
depending on their utilizations. Primary 
plants are grown for the fiber and secondary 
plant fibers are the by-product. The natural 

ELK ASIA PACIFIC JOURNAL OF MECHNICAL ENGINEERING AND RESEARCH- S
-9368(Online);EAPJMER/ISSN.2454-2962/2016; 

  
 

onference on Futuristics in Mechanical Engineering 
n Mohan Malaviya University of Technology 

matrix that result into composites 
susceptible to the moisture absorption. 
Moreover, weak interfacial bonding causes 
uneven stress transmission between the fiber 
and matrix that results the failure of 

ical and physical 
treatment methods are employed for the 

Fiber surface 
modification is carried out by altering the 

fiber surface, 
surface coating and using the coupling agent 
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commonly used for the treatment of fiber 

16]. Different fiber 
coating techniques are used for enhancing 

The aim of present paper is to review the 
works associated with the natural fiber 

treatment methods and to study 
its effects on the mechanical properties of 

Plants, animal waste, fruit waste and natural 
mineral are the major sources for natural 

s. A plant which produces natural fiber 
as primary and secondary 

depending on their utilizations. Primary 
and secondary 

product. The natural 

fibers extracted from these sources are 
initially in raw from; therefore, various 
chemical and physical methods are used to 
make the raw fibers serviceable. Generally, 
the fibers of sisal, bagasse, jute, hemp, coir, 
banana, bamboo, flex, kenaf, oil palm, 
coconut shell particles, seeds of different 
fruits, animal hair, etc. are used as 
reinforcement for the development of fully/ 
partially biodegradable composites [18]. 
Table 1 shows the chemical compositions of 
different types of natural fibers. The 
chemical compositions of natural fibers vary 
from plant to plant, within various parts of 
the same plant, with different geographical 
regions, with age of the plants. Stalk and 
root fibers have high lignin contents [19]. 
Figure 1 & 2 shows the natural 
structure and structural 
different major constituents in the 
wall. 

Fiber Pre-treatment 
Figure 1 shows the amorphous and 
crystalline regions of the plant fiber. 
Crystalline region consists of cellulose block 
hydrogen bonded and hemicelluloses, lignin 
and waxes are hydroxyl group bonded in 
amorphous region [20]. Hemicelluloses is 
present in between the lignin and cellulose 
layers shown in figure 2. Amorphous region, 
strongly polar and hydrophilic, is 
incompatible with the non
The heterogeneity of natural fiber makes 
interfacial adhesion weak that results poor 
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mechanical properties, thermal stability and 
moisture resistance [21]. Therefore, it 
required to tailor the interfacial adhesion by 
the chemical and physical pre
The physical treatments such as plasma and 
corona discharge are used that changes the 
physical structure of fibers. Chemical 
treatments such as chemical modification of 
fiber surface, surface coating [17] and use of 
coupling agents (compatibilizers) [13] 
makes the fiber surface rough due to 
removal of the hydroxyl group, impurities, 
hemicelluloses and lignin contents from the 
fiber surface.  Aspect ratio of the fiber may 
improve by reducing the diameter; 
consequently, the weight is also reduced. In 
all the fiber surface modification techniques, 
wettability of fiber with the polymer makes 
strong interfacial bonding betwe
and polymer matrixChemical Method 

The aim of chemical pre-treatment is to 
improve the interfacial adhesion of fiber
matrix by changing the chemical 
composition of natural fibers. Presence of 
hydroxyl (hemicelluloses and lignin) group 
in amorphous region has great affinity to 
absorb the moisture and results into poor 
bonding with the polymer matrix. The non
compatibility restricts the smooth stress 
transfer between the fiber and matrix; 
consequently, the mechanical property of 
composite deteriorates. The chemical 
treatment removes the hydroxyl group from 
the fiber surface and improves the 
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treatment is to 
improve the interfacial adhesion of fiber-
matrix by changing the chemical 
composition of natural fibers. Presence of 
hydroxyl (hemicelluloses and lignin) group 
in amorphous region has great affinity to 

sture and results into poor 
bonding with the polymer matrix. The non-
compatibility restricts the smooth stress 
transfer between the fiber and matrix; 
consequently, the mechanical property of 
composite deteriorates. The chemical 

yl group from 
the fiber surface and improves the 

mechanical properties under both the 
controlled and environmental aging 
conditions, graft the polymer on to the 
fibers, and cross-link the fiber cell walls. 
Sometimes, a third material having 
intermediate property of both the fiber and 
polymer matrix is introduced, known as 
coupling agent that increases the 
compatibility between fiber and matrix [10]. 
Several chemical pre-treatment methods 
have been adopted for improving the natural 
fiber surface quality such as saline [14], 
alkali [13], acylation [15], benzoylation 
[16], malleated coupling agents [37], 
permanganate [38], acrylonitrile and 
acetylation grafting [12], stearic acid [39], 
fatty acid derivatives, sodium chloride, 
fungal [20] and electroless coating [17]. 
Table 2 gives pre-treatments used for the 
modification of natural fiber
shows a summary of popular chemical 
treatment methods. 

Physical Method 

Physical pre-treatment, a clean method, involves 
some instruments to change the structure and 
surface features of the natural fibers without 
using any chemical reagents [41]. It does not 
affect the hydrophilicity of fibers because due to 
the superficial layers. The chemical structure of 
natural fiber remains unchanged [18]. Corona 
treatment, plasma treatment, and heat treatment 
are the physical pre-treatments methods 
commonly used for the modification of fiber 
physical structure (Table 4).  
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Effects on Mechanical Properties

Mechanical properties of NFRPCs are 
improved by the surface treatment of fiber 
because pre-treatment enhances the 
interfacial adhesion and compatibility of 
fiber with the polymer resin; moreover, 
thermal stability and physical properties of 
fiber are also improved by eliminating the 
amorphous region consisting of 
hemicellulose, lignin, waxes and other 
surface impurities which are hydrophilic and 
thermally less stable.The removal of 
unwanted surface material also reduces the 
fiber diameter which, in turn inc
aspect ratio and effective surface area 
available for wetting the matrix material 
[20]. However, the excess amount of 
delignification has adverse effects on the 
fiber strength. 
An improvement of 30% in tensile strength 
is observed in alkali pre-treated flax
composites [10]. Similarly, 4%
treated sisal fiber reinforced composite 
exhibits better mechanical property [42] 
[43]. Silane treated fiber composite shows 
higher tensile strength and good thermal 
stability [44] [45]. Maleic anhydride 
polypropylene (MAPP) 0.5% to 1% by 
weight treated jute polypropylene composite 
shows 72% higher flexural strength, and 
sisal fiber polypropylene composite shows 
50%, 30% & 58% higher tensile, flexural 
and impact strength, respectively [46] [47]. 
MAPP treated banana yarn polypropylene 
composite possesses 29.4% and 72% higher 
tensile strength and flexural strength, 
respectively [48]. The alkali treated 
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treated flax- epoxy 
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stability [44] [45]. Maleic anhydride 
polypropylene (MAPP) 0.5% to 1% by 
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and impact strength, respectively [46] [47]. 
MAPP treated banana yarn polypropylene 
composite possesses 29.4% and 72% higher 
tensile strength and flexural strength, 
respectively [48]. The alkali treated fiber 

reinforced composite shows 
tensile strength and 24% higher flexural 
strength whereas silane treated composite 
have improvement of 10% and 24% tensile 
strength and flexural strength, respectively 
[49] 
Figure 3 depicts the effects of different types 
of fiber surface treatment on the tensile and 
flexural of chemically treated 
reinforced composites. The tensile strengths 
of treated jute, sisal, banana and hemp 
reinforced polymer composite is increased 
significantly by 141%, 55%, 182%, and 
30% than the corresponding untre
composites, respectively. However, flexural 
strengths of treated jute, sisal, banana and 
hemp reinforced composite shows very 
small increment of 4%, 10.7%, 10.2%, and 
16.15% than the untreated fiber
respectively. 

 

Figure4 shows the impact strengths of pre
treated and untreated jute, sisal and banana 
fiber reinforced araldite epoxy [50] and 
hemp fiber reinforced polyester composites 
[51]. The impact strengths of alkali treated 
jute, sisal and banana composites decreases 
substantially by 84%, 70.5% and 80.64%; 
therefore, not suitable for the components 
subjected to impact loading 

Conclusions 

The pre-treatment of natural 
minimizes the demerits associated with the 
fibers due to the presence of unwanted 
material over the surface. It is desirable 
when the NFRPCs composite is to be used 
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in tensile and flexural loading. The natural 
fibers must be pre-treated because of the 
significant increase in the tensile strength 
achieved for NFRPCs. However, pre
treatment is not preferred when the 
composite is subjected to impact load
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Figure no.2 Structural organization of major constituents in the fiber cell wall

 

Table 1:

Fibre Type 

Cellulose

BastFibre Fibersthat surrounds the central core of 

Flax [22] [23] 64.1

Hemp [23] [24] 55-80.2

Ramie [25] 68.9

Kenaf [26] 37-49

Jute [22] 64.4

Leaf Fibre Fibers 

Sisal [27] [28] 65.8

Cabuya [29] 68-77

Abaca[25] 56-63

Fruit Fibre Fibers 

Coir [30] [28] 19.9-36.7

Banana [30] 48-60

Betelnut[31] [32] 35-64.8

Stalk Fibre Fibersobtained from the stake 

Rice [33] 28-48

Wheat [34] 29-51

Oat [35] 31-48
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Table 1: Chemical composition of natural fibers 

Percentage of Chemical Composition (%) 

Cellulose Hemi-
cellulose 

Lignin Pectin Waxes 

that surrounds the central core of plant 

64.1 16.7 2 1.8 1.5 

80.2 12-22.4 2.6-13 0.9-3.0 0.2 

68.9 13.1 0.6 1.9 0.3 

49 18-24 15-21 8.9 0.5 

64.4 12 0.2 11.8 0.5 

 that are extracted from the leaf  

65.8 12 9.9 0.8 0.3 

77 4-8 13 - 2 

63 15-17 7-10 - 3 

 collected from the fruits 

36.7 11.9-15.4 32.7-
53.3 

4.7-7.0  - 

60 10.2-15.9 14.4-
21.6 

2.1-4.1 3-5 

64.8 29-33.1 13-26 9.2-
15.4 

0.5-0.7 

obtained from the stake  

48 23-28 14 - 20 

51 26-32 16-21 - 7 

48 27-38 16-19 - 7.5 
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Structural organization of major constituents in the fiber cell wall 

Moisture 

10 

6.5 

10 

- 

10 

10 

- 

- 

0.2-0.5 

2-3 

NA 

- 

- 

- 



ELK ASIA PACIFIC JOURNAL OF MECHNICAL ENGINEERING AND RESEARCH
ISSN 2349-

National Confe
Madan 

 

 

Grass Fibre Fibers 

Sea Grass [36] 57 

Cane Fibres Fibers 

Bagass[25] 28.3-55

Bamboo [25] [30] 48.2-73.8

 

Table 2: Pre-treatment used for modification of natural 

Fibre Pre-treatments

Jute Phenol–formaldehyde, melamine
formaldehyde

Sisal NaOH, isocyanate, sodium alginate, N
acrylamide

Wood  

flour 

Succinic acid, EHMA, styrene, urea
bismaleimide, acetic anhydride, maleic anhydride, itaconic 
anhydride, polyisocyanate, linoleic acid, abietic acid, oxalic acid, 
rosin 

Pineapple  p-phenylene diamine 

Banana Sodium alginate

Coir Sodium alginate, sodium carbonate

Table 3:

Methods Treatment 
Condition 

 
Mercerization 

Alkaline 
medium, 

5%-10% by 
weight, up to 
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 are sclerenchyma elongated cell from different parts of plants

 38 5 10 - 

 obtained from fiber rich parts of the plants 

55 20-36.3 21.2-
24 

NA 0.9 

73.8 12.5-73.3 10.2-
21.4 

0.37 NA 

 

treatment used for modification of natural fibers [40] 

treatments 

formaldehyde, melamine–formaldehyde, cardanol– 
formaldehyde 

NaOH, isocyanate, sodium alginate, N-substituted meth 
acrylamide 

Succinic acid, EHMA, styrene, urea–formaldehyde, m-phenylene 
bismaleimide, acetic anhydride, maleic anhydride, itaconic 
anhydride, polyisocyanate, linoleic acid, abietic acid, oxalic acid, 

phenylene diamine  

Sodium alginate 

Sodium alginate, sodium carbonate 

 

Table 3: Chemical treatment methods [20] [21] 

Treatment 
Condition  

Chemical used Effects on Fibre 
surface  

Alkaline 
medium,  

10% by 
weight, up to 

NaOH Removes hydrophilic 
contents, break into 
small fibers, improve 
aspect ratio 

SPECIAL ISSUE 
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elongated cell from different parts of plants 

- 

NA 

11.7 

phenylene 

anhydride, polyisocyanate, linoleic acid, abietic acid, oxalic acid, 

Removes hydrophilic 
contents, break into 

, improve 



ELK ASIA PACIFIC JOURNAL OF MECHNICAL ENGINEERING AND RESEARCH
ISSN 2349-

National Confe
Madan 

 

 

60°Cfor 6

Acetylation Alkaline 
medium, 50°C
60 °C, for 2
hrs. 

Benzoylation Alkali pre
treated,

15-30 min

Malenization Alkali pre
treated, 

5%-10% by 
weight, 
H2SO
4-6 hrs.

Silane Hydrolysis, 
condensation, 
bond formation

Benzylation Pre-swelled 
fiber

120°C, 5

Scourcing Room 
temperature, 
solvent 
treatments

Bleaching Alkali treated
60°C, 

4 hrs.

Sodium 
chlorite  

Oxidation in 
acidic medium

Acylation Alkali treated, 
higher 
temperature, 1
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60°Cfor 6-8 hrs. 

Alkaline 
medium, 50°C- 
60 °C, for 2-3 

 

Acetic  

anhydride 

Surface roughness and 
wettability increases

Alkali pre-
treated, 

30 min 

Benzoyl  

chloride 

Removes hydrophilic 
contents, increases 
thermal stability and 
mechanical strength

Alkali pre-
treated,  

10% by 
weight, 

SO4catalyst, 
6 hrs. 

Maleicnhydride 
polypropylene 
(MAPP) 

Produces brush like 
polymer chain from 
fiber surface 

Hydrolysis, 
condensation, 
bond formation 

silicon and 
hydrogen 
compoun 

Siloxane bridge 
creates chemical link 
between fiber surface 
and resin  

swelled 
fiber,  

120°C, 5-10 hrs. 

Benzylchloride Improvement in 
surface roughness 

Room 
temperature, 
solvent 
treatments 

- Removes natural fats, 
waxes, proteins, dirt, 
oil, impurities 

Alkali treated, 
60°C,  

4 hrs. 

Sodium 
hypochlorite  

Improves whiteness of 
fiber 

Oxidation in 
acidic medium 

NaClO2 Oxide removes 
hemicelluloses and 
lignin  

Alkali treated, 
higher 
temperature, 1-2 

Acrylic acid Improvement in fibre
resin compatibility 
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Surface roughness and 
wettability increases 

Removes hydrophilic 
contents, increases 
thermal stability and 
mechanical strength 

Produces brush like 
polymer chain from 

link 
surface 

 

Removes natural fats, 
waxes, proteins, dirt, 

Improves whiteness of 

hemicelluloses and 

fibre-
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hrs. 

Stearic acid 
treatment 

Alcoholic 
medium, room 
temperature

Permanganat
e treatment 

Acetone 
solution, less 
than 1% by 
weight, at room 
temperature

Fatty acid 
derivative 

Dry nitrogen 
medium, 
Grafting and 
esterification

Fungal 
treatment 

Sterilized 
27°C, 14 days

 

Table 4:

Methods Treatment Condition 

Corona High electromagnetic field, 
atmospheric pressure, low 
temperature 

Plasma Ionised gaseous medium, gas 
pressure 0.3-1.5 
100-300 s 

Heat 
treatments 

Atmospheric condition, 60
80C, 24 hrs. 

.  

 

Figure 3:Tensile and flexural strengths of untreated and alkali treated NFRPCs
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Alcoholic 
medium, room 
temperature 

Stearic acid Removes amorphous 
contents 

Acetone 
solution, less 
than 1% by 
weight, at room 
temperature 

Potassium 
permanganate 

Enhance chemical 
interlocking at 
interface, increase 
thermal stability 

Dry nitrogen 
medium, 
Grafting and 
esterification 

Oleoyl chloride Wettability and 
interfacial adhesion 
increase 

Sterilized fibre, 
27°C, 14 days 

White rot fungi Removes hydroxyl 
group, creates fine 
hole for better 
interlocking with resin

Table 4: Physical fiber pre-treatment methods [20] 

Treatment Condition  Apparatus Achievements

High electromagnetic field, 
atmospheric pressure, low 

Two aluminium 
electrodes, quartz 
dielectric spacer 

Fiber surface 
roughness is improved

Ionised gaseous medium, gas 
1.5 torr, 300 w, 

Vacuumed chamber, 
electrodes 

Better surface 
wettability and 
ability 

condition, 60- Hot air oven Thermal degradation of 
unwanted material on 
fiber surface

flexural strengths of untreated and alkali treated NFRPCs 
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Removes amorphous 

interfacial adhesion 

Removes hydroxyl 
 

interlocking with resin 

Achievements 

surface 
roughness is improved 

Better surface 
wettability and dye 

Thermal degradation of 
unwanted material on 

surface 
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Figure 4: Impact Strength of untreated and alkali treated NFRPCs (Araldite epoxy    polymer)
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