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EFFECT OF ESTERIFICATION ON MOISTURE ABSORPTION OF SINGLE ARECA FIBER
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Abstract- Environmentally beneficial composites can be made by replacing synthetic fibers with various types of cellulose fibers. The most
important factor in finding good fiber reinforcement in the composite is the strength of adhesion between matrix polymer and fiber. Due to
the presence of hydroxide and other polar groups in various constituents of natural fiber, the moisture absorption is high which leads to poor
wettability and weak interfacial bonding between fibers and the more hydrophobic matrices. Therefore, it is necessary to impart hydrophobic
nature to the natural fibers by suitable chemical treatments in order to develop composites with better mechanical properties. In the present
work, the effect of esterification on the moisture absorption property of single areca fiber has been investigated.
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Introduction

Agro-based resources, also referred to as lignocellulosics, are
resources that contain cellulose, hemicelluloses, and lignin. Ligno-
cellulosics include wood, agricultural residues, water plants,
grasses, and other plant substances. Fiber technology, high per-
formance adhesives, and fiber surface modification utilized natural
fibers in the fabrication of structural lignocellulosic composites and
reported that these natural fibers-reinforced composites possess
better chemical resistance, electrical resistance, good thermal and
acoustic insulating properties, and high resistance to fracture.
This has stimulated the use of hard natural cellulose fibers as an
attractive alternative to synthetic fibers because of their low cost,
less weight, and density.

High moisture absorption, poor wettability, and poor fiber-matrix
adhesion are the major drawbacks of natural fiber reinforced com-
posite materials. A better adhesion between hydrophilic fiber and
hydrophobic matrix, and enhanced mechanical properties of natu-
ral fiber reinforced composite materials can be achieved by suita-
ble chemical modification of natural fiber. In the case of lignocellu-

losics, cell wall polymers, extractives, and inorganics are the com-
ponents that, if modified, would change the properties of the re-
sources.

There are several ways such as acetylation, methylation, ben-
zoylation, permanganate treatment, acrylation etc to chemically
modify the lignocellulosic cell wall polymers. The most abundant
single site for reactivity in these polymers is the hydroxyl group
and most reaction schemes have been based on the reaction of
hydroxyl groups. The hygroscopicity of the lignocellulosic material
can be reduced by replacing some of the hydroxyl groups on the
cell wall polymers with bonded chemical groups [1]. Acrylation is
one such method for reducing the hygroscopicity of the natural
fiber. The polymer hydroxyl group of the cell wall reacts with car-
boxylic group of acrylic acid to yield an ester so that fiber be-
comes more hydrophobic in nature.

Many attempts have been made to study the properties of chemi-
cally treated natural fiber-reinforced polymer composites. Vilay et
al. investigated the effect of acrylation in bagasse fiber reinforced
unsaturated polyester composites and reported that storage mod-
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ulus and glass transition temperature of composites found to im-
prove, and water absorption of composites found to decrease
compared to untreated bagasse fiber composites [2].

Jannah et al. studied the effect of acrylation in woven banana
reinforced unsaturated polyester composites and they showed,
treated composite systems show improvements in flexural proper-
ties. Furthermore, they reported that the treated fiber composites
reduce the water absorption compared to the untreated composite
system [3].

Only a few studies on the mechanical properties of acrylic acid
treated natural fiber-reinforced composite materials were reported
and there is no information on the water absorption studies of
acrylated single natural fiber. A better understanding of moisture
absorption property of fibers will help to develop a productive use
of fibers in composite materials. Therefore, this study seeks to
determine the moisture absorption characteristic of acrylic acid
treated single areca fiber.

Areca belongs to the species Areca catechu Linnaeus under the
family palmecea [4]. The areca empty fruit fiber is composed of 35
-65% hemicellulose, 13-26% lignin, pectin, and protopectin [5].
The average filament length of the areca fiber is 4 cm. At present,
a small quantity of areca empty fruit material is being used as a
fuel in areca nut processing and plenty of unused husk which is
left in the plantation causes bad odour and other decay-related
problems [6].

Few researchers have studied the areca fiber-reinforced compo-
sites and found to have a good flexural strength and adhesion
tensile properties. Also, reported that areca composites would be
very promising material for packing and other general structural
applications with a moderate duration as they shown excellent
resistance moisture to absorption when compared to wood based
particle boards [7-10].

Areca fiber can also be used for making value added items like
thick boards, fluffy cushions, non-woven fabrics, thermal insula-
tors, etc. [11]. Thus, the use of unmanaged areca husk as a struc-
tural material requires a detailed study of physical, chemical and
thermal characteristics. One of the most important issues is the
degradation behaviour of the composites exposed to environmen-
tal conditions such as humidity, sunlight or microorganisms. Also,
the poor resistance of the fibers to water absorption can have
undesirable effects on the mechanical properties and the dimen-
sional stability of the composites. Therefore, it is important to
study in detail the water absorption behaviour in order to estimate
not only the consequences that the water absorbed may have, but
also the durability of natural fibers composites aged under water.

Materials and Methods

Materials

Areca empty fruit fibers (husk) were obtained from Madhu Farm
House, Nilogal, Davangere, Karnataka, India. Analytical grade
reagents were purchased from Qualigens Company and used as
received.

Fiber extraction

Selected areca fruit husks were used to study. Dried areca husk
was soaked in deionised water for about five days. The soaking
process loosens the fibers and can be extracted out easily. Finally,
the fibers were washed again with deionised water and dried at

room temperature for about 15 days. The dried fibers are desig-
nated as untreated fibers.

Alkali treatment

The fibers are first dewaxed by soaking in 1:2 mixtures of ethanol
and benzene for 72 h, followed by washing with deionised water
and then air dried. The dewaxed fibers were immersed in 20%
NaOH solution, where the total volume of the solution was 15
times the weight of the fibers. The fibers were kept in alkaline
solution for 72 h at room temperature; they were thoroughly
washed in running water and then neutralized with 2% acetic acid
solution. Lastly, the fibers were washed again in running water to
remove the last traces of acid sticking to it, so that the pH of the
fibers was approximately 7. Then, they were dried at room temper-
ature for 48 h to obtain alkali-treated fibers.

Acrylic acid treatment

Alkali treated areca fiber was soaked in 5% acrylic acid (AA) solu-
tion at 50 °C for 1 h, then washing with distilled water thoroughly
and dried in an oven for 24 h at the temperature of 70 °C [12].

Water absorption studies

Water absorption studies on untreated and treated fibers were
carried out in various sources of water such as Pond water, River
water, Bore water, and Sea water. The pH values of water sam-
ples were; Bore water: 7.40, Pond water: 8.20, River water: 7.74,
and Sea water: 7.76. A bundle of fibers (2 g) was immersed in
beakers containing various sources of water. After 24 h, the fiber
bundle is taken out from the beakers and fibers were squeezed
and dried in between the folds of filter paper. Finally the weight of
the fibers was taken and the percentage of water absorption is
calculated as follows:

Difference in Weight
% of Water Absonption X100
Initial Weight

Then again the sample was soaked in water, and the same pro-
cess was repeated after every 24 h for 2400 h. A graph is plotted
between % water absorption and square root of time.

Results and Discussion

Lignocellulosics are three-dimensional, polymeric composites
made up primarily of cellulose, hemicellulose and lignin. In natural
fibers, semicrystalline cellulose is the main reinforcement material.
The cellulose is held together by amorphous hemicelluloses and
fibers are cemented together in the plant by lignin which is com-
monly known as plant cell adhesive. Lignocellulosic fibers may
differ in chemical composition, but have very similar properties
such as flammability, thermoplasticity, moisture Absorption, and
degradation by acids, bases and ultraviolet radiation. All of these
characteristics will result in the specific end use of lignocellulosics
in composite formulation [13].

Lignocellulosics change dimensions with changing moisture con-
tent because the cell wall polymers contain hydroxyl and other
oxygen containing groups that attract moisture through hydrogen
bonding. The hemicellulose is mainly responsible for moisture
Absorption, but the accessible cellulose, noncrystalline cellulose,
lignin and surface of crystalline cellulose also play major roles.
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Moisture swells the cell wall, and the fiber expands until the cell
wall is saturated with water (fiber saturation point). Beyond this
saturation point, moisture exists as free water in the void structure
and does not contribute further expansion [14].

To measure the water absorption of the areca fiber, the fiber was
immersed in a beaker containing various sources of water at room
temperature. After every 24 hours, the fiber was taken out and
excess water on the fiber surface was removed before weighing.
Three replicates were tested and the results were presented as
average of three.

The Comparison of moisture absorption of untreated areca fiber in
various water samples showed that areca fiber absorbs more
moisture in bore water and less in sea water. Also, surface treated
fiber absorbs less moisture than the untreated fiber in all water
samples. Further, from Figure 1, comparison of moisture absorp-
tion property of untreated, alkali treated, and acrylic acid treated
areca fiber in sea water, it can be observed that the acrylic acid
treated fiber absorbs less moisture than the alkali treated fiber.
This is due to the change in the surface topography of the fibers
due to alkali and acrylic acid treatments.
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Fig. 1- Comparison of moisture absorption property of untreated,
alkali treated, and acrylic acid treated areca fiber in sea water

In untreated fibers, fibrils are bound together by hemicellulose and
lignin. The chemical treatments had removed most of the hemicel-
lulose and lignin and thus areca fiber become more hydrophobic
[3]. Also, in all natural cellulose fibers, a hollow cavity called lumen
exists in the unit cell of the fibers [14]. The hollow cavity generates
more pathways for water to start diffusing into the fiber. The veloc-
ity of the diffusion process can be reduced by reducing the void
content of the fiber. The cellular structure of the fiber destroys by
the chemical treatment; hence reduced the void content and this
in turn reduced the moisture uptake of treated fiber.

Conclusion

The potential of using natural fibers as reinforcing agents is based
on the interfacial properties between fiber and polymer matrix.
Also, the poor resistance of the fibers to water absorption can
have undesirable effects on the structure, dimensional and me-
chanical properties of the natural fiber reinforced composites. It is
possible to reduce the moisture absorption property of areca fiber
through its surface modification. The results presented in this work
indicate that the areca fiber treated with acrylic acid absorbs less
moisture than the untreated, alkali treted fiber.
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