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a b s t r a c t

Natural fibers are considered to have potential use as reinforcing agents in polymer composite materials
because of their principle benefits: good strength and stiffness, low cost, and be an environmental
friendly, degradable, and renewable material. A study has been carried out to evaluate physical, flexural
and impact properties of composite made by areca fibers with randomly distributed fibers. The extracted
areca fibers from the areca husk were alkali treated with potassium hydroxide to get better interfacial
bonding between fiber and matrix. Then composite laminates were fabricated by using urea formalde-
hyde, melamine urea formaldehyde and epoxy resins by means of compression molding technique with
varying process parameters, such as fiber condition (untreated and alkali treated), and fiber loading per-
centages (50% and 60% by weight). The developed areca fiber-reinforced composites were then character-
ized by physical, bending and impact test. The results show that flexural and impact strength increases
with increase in the fiber loading percentage. Compared to untreated fiber, significant change in flexural
and impact strength has been observed for treated areca fiber reinforcement.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Environmental awareness, new rules and legislations are forc-
ing industries to seek new materials which are more environmen-
tal friendly. Over the past two decades, plant fibers have been
receiving considerable attention as substitutes for synthetic fiber
reinforcements for applications like interior door panel of an auto-
mobile, packaging, low-cost housing, and other structures [1–3].
Unlike the traditional synthetic fibers like glass and carbon these
lignocellulosic fibers are able to impart certain benefits to the com-
posites such as low density, low cost, renewability, biodegradabil-
ity and high degree of flexibility during processing [4]. Nowadays
natural fibers like, cotton, coir, sisal jute and other natural fibers
have attracted the attention of scientists and technologists. It has
been found that the natural fiber composites possess required
mechanical strength and other properties with better electrical
resistance, good thermal and acoustic insulating properties.

In recent years, extensive studies which have been done on lig-
nocellulosic fibers such as sisal [5,6], jute [7,8], pineapple [9–12],
banana [13–15], and oil palm empty fruit bunch fibers [16,17] have
shown that lignocellulosic fibers have the potential to be used as
an effective reinforcement in thermoplastics and thermosetting
materials. According to Bledzki et al. [18] and Wambua et al.
[19], lignocellulose fibers exhibit several advantages over their
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synthetic fiber counterparts. Lignocellulose fibers have drawn
attention due to their abundant availability, low cost and renew-
able nature. Owing to their low specific gravity, which is about
1.25–1.50 g/cm3 compared to synthetic fibers, in particular glass fi-
ber which is about 2.6 g/cm3, lignocellulose fibers are able to pro-
vide a high strength to weight ratio in plastic materials. The usage
of lignocellulose fibers also provides a healthier working condition
than the synthetic fibers. This is due to the fact that, the glass fiber
dust from the trimming and mounting of glass fiber components
causes skin irritation and respiratory diseases among workers
[20,21]. Besides that, the less abrasive nature of the lignocellulose
fibers exhibits a friendlier processing environment as the wear of
tools could be reduced. Furthermore, lignocellulose fibers exhibit
good thermal and insulating properties, easily recyclable and are
biodegradable especially when used as reinforcement in biopoly-
mer matrix.

Although there have been numerous studies on mechanical
behaviour of natural fiber-reinforced composites, only a few refer-
ences are available on areca fiber-reinforced composites. Among all
the natural fiber reinforcing materials, areca appears to be a prom-
ising material because it is inexpensive, abundantly available, and
a very high potential perennial crop. It belongs to the species Areca
catechu L., under the family Palmecea and originated in the Malaya
Peninsular, East India [22]. In India, areca cultivation is coming up
in a large scale basis with a view to attaining self sufficiency in
medicine, paint, chocolate, chewable gutka, etc. The husk of the
areca constitutes about 60–80% of the total weight and volume
of the fresh fruit. The average filament length (4 cm) of the areca
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husk fiber is too short compared to other biofibers. Mainly two
types of filaments are present – one very coarse and the other very
fine. The coarse ones are about ten times as coarse as the jute fibers
and the fine are similar to jute fiber. The fiber could be used for mak-
ing value added items like thick boards, fluffy cushions and non-wo-
ven fabrics, thermal insulators and non-woven fabrics [23]. The
present use of this highly cellulose material is as a fuel in areca nut
processing. Unmanaged areca husk left in the plantation causes
bad odour and other decay-related problems [24]. Therefore, an
extensive planning for the disposal of husk is required. Thus, the
use of this unmanaged husk as structural material required a de-
tailed study of physical, chemical and thermal characteristics.

In order to develop composite made from natural fibers with
enhanced strength, stiffness, durability and reliability, it is neces-
sary to study the mechanical behaviour of natural fiber composites.
The mechanical properties of a natural fiber-reinforced composite
depend on many parameters, such as fiber strength, modulus, fiber
length, orientation, and fiber–matrix interfacial bond strength. A
strong fiber–matrix interface bond is critical for high mechanical
properties of composites. A good interfacial bond is required for
effective stress transfer from the matrix to the fiber whereby max-
imum utilization of the fiber strength in the composite is achieved.
Most research reviewed indicates the effect of alkali treatment in
improving fiber strength [25], fiber–matrix adhesion [26] and the
performance of the natural fiber composites [27]. Therefore, this
study seeks to determine the physical, flexural and impact proper-
ties of areca composites. A better understanding will help to devel-
op productive uses for an empty areca fruit bunch, mitigating
environmental problems from waste biomass while also develop-
ing an alternative material to wood.
2. Chemical composition

The structure and chemical make-up of natural fibers varies
greatly and depends on the source and many processing variables.
However, some generalizations are possible. Natural fibers are
complex in structure. They are generally lignocellulose, consisting
of helically wound cellulose micro fibrils in an amorphous matrix
of lignin and hemicellulose [28].

Lignocellulose fibers are a kind of biopolymer composite with
the following components, in different proportions, depending on
the species considered: cellulose, hemicellulose, lignin and other
components in small proportions. These polymers are the basic
constituents of the cell wall and are responsible for most of the
physical and chemical properties, such as dimensional instability
to moisture, biodegradability, flammability, thermo plasticity and
degradability by ultraviolet light, acids, and bases. All of these
characteristics will result in specific end use of lignocellulosics in
composite formulation. Lignocellulosics can also be called phyto-
mass, bio based fibers, or biofibers, including wood, agricultural
residues, water plants, grass, agricultural fibers, and any other
Table 1
Chemical composition of natural fibers.

Fiber Cellulose
(%)

Hemi cellulose
(%)

Lignin
(%)

Ash
(%)

Pectin
(%)

Wax
(%)

Hemp [23] 70.2–74.4 17.9–22.4 3.7–5.7 2.6 0.9 0.8
Kenaf [23] 31–39 15–19 21.5 4.7 – –
Jute [23] 61–71.5 13.6–20.4 12–13 – 0.2 0.5
Flax [24] 71–78.5 18.6–20.6 2.2 1.5 2.2 1.7
Palf [24] 70–82 – 5–12 – – –
Cotton [24] 82.7 5.7 – – – 0.6
Sisal [32] 67–78 10–14.2 8–11 – 10.0 2.0
Coir [32] 36–43 0.15–0.25 41–45 – 3–4 –
Areca [32] – 35–64.8 13–24.8 4.4 – –
plant substance [29]. Table 1 shows chemical compositions in the
natural fibers and their chemical and structural compositions of
areca fibers and other natural fibers. The total hemicellulose con-
tent of the fiber was found to be 35–64.8%, 13–24.8% lignin and a
4.4% of ash and negligible percentage of cellulose. The areca fibers
having high percentage of hemicellulose compare to other natural
fibers listed in Table 1.

Selective removal of non-cellulosic compounds constitutes the
main objective of fiber chemical treatment [30]. Both the hemicel-
lulosic and pectin materials play important roles in fiber bundle
integration, fiber bundle strength and individual fiber strength as
well as water absorbency, swelling, elasticity and wet strength
[31]. The production of individual fibers without the generation
of kink bands will generate fibers with much higher intrinsic fiber
strength which is very useful for composite application.

3. Materials and methods

3.1. Materials

Urea formaldehyde (0.6 g/cm3) and melamine urea formalde-
hyde (0.55 g/cm3) were supplied by the Akolite Synthetic Resins,
Mangalore, India. The Araldite LY-556 epoxy resin (1.16 g/cm3)
and the Hardener (HY951) are supplied by Ciba Geigy India Ltd.
Areca empty fruit bunch fibers (husk) were obtained from Madhu
Farm House Nilogal, Davangere, Karnataka, India.

3.2. Methods

3.2.1. Fiber extraction
Selected areca fruit husks were used to prepare the composites.

Dried areca husk was soaked in deionised water for about 5 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 designated as untreated fibers.

3.2.2. Fiber surface treatment
First the extracted areca fibers were treated in a solution of 10%

KOH (potassium hydroxide) where the total volume of solution
was 15 times the weight of areca fibers. The fibers were kept in this
alkaline solution for 36 h at a temperature of 30 �C; it was then
thoroughly washed in running water then neutralized with a 2%
acetic acid solution. Lastly it was again washed in running water
to remove the last traces of acid sticking to it, so that the pH of
the fibers is approximately 7 (neutral). Then they were dried at
room temperature for 48 h to get alkali treated fibers.

3.2.3. Preparation of composite laminates
Fiber configuration and volume fraction are two important fac-

tors that affect the properties of the composite [33]. In the present
study the following composites were prepared with randomly dis-
tributed orientation of fibers.

(i) Composites containing 50% and 60% by weight of alkali-trea-
ted and untreated areca fibers, containing urea formalde-
hyde resin (UFR) and designated as UF50 Treated, UF50
Untreated, UF60 Treated, and UF60 Untreated.

(ii) Composites containing 50% and 60% by weight of alkali-trea-
ted and untreated areca fibers, containing melamine urea
formaldehyde resin (MUFR), and designated as MUF50 Trea-
ted, MUF50 Untreated, MUF60 Treated and MUF60 Untreated.

(iii) Composites containing 50% and 60% by weight of alkali-trea-
ted and untreated areca fibers, containing epoxy resin (ER)
and designated as ER50 Treated, ER50 Untreated, ER60 Trea-
ted, and ER60 Untreated.



C.V. Srinivasa et al. / Materials and Design 32 (2011) 2469–2475 2471
First, the mould was polished and then a mould-releasing agent
(polyvinyl alcohol) was applied on the surface. The fibers were
mixed thoroughly with the matrix materials by hand mixing tech-
nique. This mixture was left for 10 min, and then the mixture was
filled into the mould of 300 � 300 � 50 mm size. Care was taken to
ensure a uniform thickness of the plate and the material was
pressed in a hydraulic press at the room temperature and a pres-
sure of 0.5 MPa was applied for 30 min. After that, the composites
were post-cured at room temperature (27 ± 3 �C) for 24 h.

3.2.4. Preparation of specimens
The prepared composite laminates were post-cured for 8 days at

standard laboratory atmosphere prior to preparing specimens and
performing mechanical tests. The appropriate ASTM methods were
followed while preparing the specimens for test. At least five repli-
cate specimens were tested and the results were presented as an
average of tested specimens. The tests were conducted at a standard
laboratory atmosphere of 27 �C and 46% relative humidity.

According to ASTM-D790 the composite specimen was pre-
pared for three-point bending test. Each test specimen of 50 mm
width, length 240 mm, and thickness 10 mm are prepared. The
span of the supports was 100 mm. The specimen is loaded at the
center of the span through a loading cell and the loading rate
was 2 mm/min using Inston testing machine. Impact energy ab-
sorbed by the specimens were determined by performing both
Charpy and Izod method of impact testing methods as per ASTM-
D256-90 with notched specimens using Inston Pendulum Tester
(9050 Manual Model). The width and depth of each specimen
was measured with a micrometer screw gauge to the nearest
0.01 mm, and the length was measured to the nearest 0.1 mm with
digital caliper. The mean specimen dimensions were used to calcu-
late strength.
Table 2
Physical properties of areca fiber.

Diameter (lm) Length of fiber (mm) Density (g/cm3)

Short Medium Long Average

28–89 18–29 30–38 39–46 29–38 1.05–1.25
4. Experimental investigations

The experimental investigation of flexural and impact proper-
ties of composites is one of the most important techniques in
studying the behaviour of composite materials. It has been proved
to be the most effective method to study the behaviour of the
materials under flexural and impact stress and phase composition
of fiber composites and its role in determining these properties.
Flexural and impact strength of fiber-reinforced composites de-
pend on the nature of matrix material and the distribution and ori-
entation of the reinforcing fibers, the nature of the fiber–matrix
interfaces and of the interphase region. Even a small change in
the physical nature of the fiber for a given matrix may result in
prominent changes in the overall mechanical properties of com-
posites. It is well known fact that different degrees of reinforce-
ment effects are achieved by the addition of hydrophilic fibers to
different polymers [34]. This may be due to the different adhesion
strength between matrix and fibers.

4.1. Dimensions and density of areca fibers

Natural fibers exhibit considerable variation in diameter along
with the length of individual filaments [35]. Quality and other
properties of fibers depend on factors such as size, maturity and
processing methods adopted for the extraction of fiber. Properties
such as density, electrical resistivity, ultimate tensile strength and
initial modulus are related to the internal structure and chemical
composition of fibers. Desirable properties for fibers include excel-
lent tensile strength and modulus, high durability, low bulk den-
sity, good moldability and recyclability.

The density of areca fibers was determined by measuring the
mass and volume of a bunch of fibers. Each bunch of fibers was
weighed to an accuracy of 0.001 g by using an analytical balance.
The mass of each bunch was obtained by calculating the arithmetic
mean of the mass of all test samples. The dimensions of each fiber
were measured using a sliding caliper having accuracy ±0.02 mm
(Mitutoyo Super Caliper SERIES 500), in accordance with BS EN
325:1993. The volume of the fiber was obtained by multiplying
the length, and cross sectional area of the samples. Determination
of density was done in accordance with BS EN 323:1993. The var-
ious physical properties of areca fibers were measured and are tab-
ulated in Table 2. The diameter of the fiber varies from 0.028 to
0.89 mm, length of the fibers varies from 18 to 38 mm and density
varies from 1.05 to 1.25 g/cm3. Three types of fibers are observed
and classified as short, medium and long fibers.

4.2. Flexural properties

Bending test results were obtained for areca fibers reinforced
with urea formaldehyde, melamine urea formaldehyde and epoxy
resins. Tests were performed to investigate the effects of fiber load-
ing and alkali treatment on flexural load carrying capacity of areca
composites. The effect of fiber weight percentage and alkali treat-
ment on flexural strength of areca fiber composites are presented
in Figs. 1–4.

The load–deflection curve for areca fibers reinforced urea form-
aldehyde composites as shown in Fig. 1. The composite UF60 Trea-
ted has taken the maximum flexural load compared to other
composite, and composite UF50 Untreated has least flexural load
bearing capacity.

The maximum static flexural load of areca-reinforced UF com-
posite plate is 380 N. The corresponding flexural strength during
break for this specimen is 27.36 MPa (Fig. 4). The minimum static
flexural load of 210 N is recorded for UF50 Untreated composite
and the flexural strength during break for this specimen is
15.12 MPa.

Fig. 2 shows the load–deflection curve for areca composites
using melamine urea formaldehyde. It is observed from the Fig. 4
that, areca composite using melamine urea formaldehyde exhib-
ited higher flexural strength than areca composite using urea form-
aldehyde. This may be because, the adding of melamine to urea
formaldehyde has better adhesion strength as reported by Zhong
et al. [36]. The untreated areca melamine urea formaldehyde
(MUF50) composite has taken a maximum flexural load of 350 N.
It is also seen that, this value increases to 440 N for alkali treated
with same proportion of fiber loading. Similarly, MUF60 (with an
addition of 10 wt%) for treated and untreated fibers composite,
the maximum flexural load withstanding capacity increases to
383 N and 464 N respectively. Similar trend is observed in case of
flexural strength of these composites. These results clearly indicate
that, the addition of melamine to the urea formaldehyde increases
the bonding strength in turn increases flexural load withstanding
capacity of the composite. The percentage of increase in the bend-
ing load withstanding capacities of melamine urea formaldehyde
are 40%, 22.72%, 36.03% and 18.10% when compare to UF50 Un-
treated, UF50 Treated, UF60 Untreated and UF60 Treated
respectively.

Fig. 3 shows the load–deflection curve for areca fibers
reinforced epoxy composites. It is observed that with increase of
areca fiber content from 50 to 60 wt% with treated, the flexural



Fig. 1. Flexural behaviour of areca fibers reinforced urea formaldehyde composites.

Fig. 2. Flexural behaviour of areca fibers reinforced melamine urea formaldehyde composites.
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load increases sharply, i.e., from 680 N to 1220 N, increasing by
about 44.26%. Meanwhile, the flexural strength increases from
63.36 MPa to 84.87 MPa. Similarly for untreated the flexural load
increases from 560 N to 620 N and strength increases from
40.32 MPa to 44.64 MPa.

The flexural strength of all composites considered in the present
study increases slightly with fiber weight percentage in the com-
posite (Fig. 4). Overall, the results showed that areca fibers rein-
forced with epoxy exhibited higher flexural strength than areca
fibers reinforced with formaldehyde groups. This is because fiber
has better interfacial bonding strength between fiber and matrix
is found to be high in epoxy than in formaldehyde groups due to
improved adhesion and enhanced polar interactions at the fiber–
matrix interfaces [37]. Also an improved mixing will provide better
distribution of areca fibers, the bridging gaps between the fibers
can conduct more effectively.

4.3. Impact properties

Fig. 5 shows the influence of the alkali treatment, different ma-
trix materials and fiber loading on the impact energy absorption
capacity of the areca fibers based upon Charpy as well as Izod
method of impact tests. It can be seen that, a similar behaviours of
composites can be observed in both the tests. The energy absorbed



Fig. 3. Flexural behaviour of areca fibers reinforced epoxy composites.

Fig. 4. Flexural strength of areca composites.
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by all the composites in case of Izod method is slightly lesser than
the Charpy method of impact test. It is thus seen that with the
increase in fiber content in the composite, the energy absorp-
tion improves although the increment is marginal in case of com-
posites with untreated fibers. In addition; a modification of the
fiber surface by alkali treatment leads to an increase of adhesion
between fiber and matrix. This in turn increases the energy absorp-
tion capacity of the composites irrespective of matrix materials.

Generally, fibers that increase the moduli of composites in-
crease the impact strength of the thermoplastic. This is because
impact strength is a function of the relative fiber volume and mod-
ulus [38]. This is because the higher molecular weight, the greater
the entanglement of polymer chains, therefore, their relative
mobility is reduced and adhesion between fiber and matrix in-
creases. This in turn increases the energy absorption capacity of
the composites.

Since epoxy resin is having high molecular weight than the urea
formaldehyde and melamine urea formaldehyde, the areca fibers
reinforced with epoxy composites show superior energy absorp-
tion capacity (more than 40%) than the areca fibers reinforced with
melamine urea formaldehyde and urea formaldehyde. The maxi-
mum impact energy absorption capacity of areca fibers (60 wt%,
treated) reinforced with epoxy resin according to Charpy method
is more than 34% and 40% respectively for areca fibers reinforced
with melamine urea formaldehyde and urea formaldehyde resin.
Similarly 43% and 46% in case of Izod method of impact test.



Fig. 5. Impact energy absorbed by areca composites (Charpy and Izod method).
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5. Conclusions

The results presented in this work indicate that it is possible to
enhance the properties of fiber-reinforced composites through fi-
ber surface modification. Composites based on the modified fiber
surface have, in general, superior mechanical properties to com-
posites containing unmodified fibers. This is primarily a result of
improved adhesion and enhanced polar interactions at the fiber–
matrix interfaces. Hence, based on the availability, cheaper and
good strength of areca fiber composites investigated in the present
study, the composite can certainly be considered as a very promis-
ing material to fabrication of lightweight materials used in auto-
mobile body building, office furniture packaging industry,
partition panels, etc. compared to conventional wood based ply-
wood or particle boards.
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