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ABSTRACT

Natural fibers are gaining the interest in packaging, domestic, low cost housing and other general applications.
In this work the mechanical properties of randomly distributed areca fiber and maize powder reinforced phenol
formaldehyde were studied. From the results Youngs modulus is maximum found in 300 ml of resin. The
maximum tensile strength is for 300B composite plate. The maximum Young’s modulus for 300B is 135MPa,
for bending strength of various composite plates, the composite plate with 400 ml PF resin shows the maximum
bending load compared to other composite plates. The composite plate of 400C shows the maximum bending
load compared to other composite plates. The maximum bending load for 400C composite plate is 0.854 kN.
The adhesive tensile strength increases with decrease in Areca fiber and increase in maize powder up to 700
gms of Areca and 300 gms of maize powder. Later the adhesive tensile strength decreases with decrease in
Avreca fiber and increase in maize powder. Maximum adhesive tensile stress is 0.137 MPa for 400B composite

plate compared to remaining composite plates.
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I. INTRODUCTION
Manmade fibers using glass, carbon, boron etc.
are being used as reinforcing materials in the fiber
reinforced plastics (FRP) which have been widely
accepted as materials for structural and non-structural
applications. The main reason for the interest in FRP
is due to their specific modulus, high stiffness and
strength to weight ratio compared to other
conventional materials. However, these materials are
prohibitively expensive in their use for other general
purpose and applications. Nowadays natural fibers
like banana, cotton, coir, sisal jute have attracted the
attention of scientist and technologists for
applications in packaging, low-cost housing and
other structures. [1] It has been found that these
natural fiber composites possess better electrical
resistance, good thermal and acoustic insulating

properties and high resistance to fracture.

The increasing interest in  introducing
degradable, renewable, and inexpensive
reinforcement  materials, which  have been

environment friendly, has stimulated the use of hard
cellulose fibers. The low cost, less weight and
abundant availability make the natural fibers an
attractive alternative. The current major uses of hard
cellulose fibers like flax, jute, banana, sisal,
pineapple leaf fiber are in textile, packaging and
paper manufacturing. These fibers are considered as
hard cellulosic fibers because of their high tensile
modulus and low elongation at break.

Many attempts were made by scientists and
technologists to utilize natural fibers in the
fabrication of composites. Natural fibers have
attracted the attention of scientists & technologists
because of the following advantages. [2] These

fibers, despite their low strength can lead to

composites with specific strengths because of their

low density.

e Natural fibers are
renewable resources.

o Natural fibers are nontoxic and Eco-friendly and
biodegradable and are quite cheep.

e Scientific data of the structure and properties of
the fibers are readily available.

Among all the natural fiber reinforcing
materials, Areca appears to be a promising material
because it is inexpensive, availability is abundant 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.
[3] Major industrial cultivation is in East India and
other countries in Asia. In India, Areca nut
cultivation is coming up on a large scale basis with a
view to attaining self sufficiency in medicine, paint,
chocolate, Gutka, etc.

abundantly available

Il. MATERIALS

The samples are prepared as per 1SO standards.
The husks are taken directly from the areca nut
fields, containing lot of dirt and dust. The dirt and
dust the individual fibers and coarse fibers are
removed by washing them with water. The coarse
fiber cluster is again fed into the machine and the
process is repeated to get individual fibers. Thus
fibers are extracted. The fibers were chemically
treated in a solution of KOH (Potassium Hydroxide)
[3,4,6]. A mould made of aluminum sheet dimension
of 300x300 mm was used to prepare the board [2]. In
order to get required dimension of 300x300x10 mm

WWW.ijera.com 185|Page




Kishan Naik Int. Journal of Engineering Research and Applications

WWW.ijera.com

ISSN : 2248-9622, Vol. 4, Issue 8( Version 3), August 2014, pp.185-189

of board, two frames of same dimension were placed
adjacently on the mould. Thoroughly mixed mixture
of areca fibers, maize powder, 5% of hardener and
phenol formaldehyde resin was taken and placed in
the mould uniformly. A layer of aluminum foil was
placed both at the top and bottom of the board so that
board can be easily taken out from the mould. For
preparation of 200A Composite plate, an Areca fiber
of 800 gms and Maize powder of 200 gms along with
200 ml Phenol formaldehyde resin are mixed
uniformly and used for preparation of boards. For
preparation of 200B Composite plate, 700gms of
Avreca fiber and 300 gms of Maize powder along with
200 ml of Phenol formaldehyde resin are uniformly
mixed and used for preparation of boards. Similarly
for the 200C and 200D composite plates was
prepared. Same procedure was followed for
preparation of 300 and 400 composite plates. The
surface of the specimens shall be essentially flat. Test
specimens were cut into 10 cm by 10 cm squares.

111. EXPERIMENTATION
Tests were performed according to the
following standards: tensile strength (IS 2380 (part
3)-1977), flexural strength (1S: 2380 (part4)-1977),
and adhesive tensile strength (IS: 2380 (part 5) —
1977).

1V. RESULTS AND DISCUSSION
A. Tensile strength
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Figure 1: Load-Deflection curves for tensile strength
of 200ml PF composite plates

Fig.1 shows the load-deflection curves for areca
fiber and maize powder reinforced PF composite
plates. From the result it is reveal that tensile strength
increases with decrease in Areca fiber and increase in
maize powder upto 700 gms of Areca and 300 gms of
maize powder. Later the tensile strength decreases
with decrease in Areca fiber and increase in maize
powder. The tensile strength is maximum in 200B
composite plate and its Young’s modulus is 77.72
MPa compared to remaining composite plates.
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Figure 2: Load-Deflection curves for tensile strength
of 300ml PF composite plates

Fig.2 shows the load-deflection curves for areca
fiber and maize powder reinforced PF composite
plates. These curves are linear in elastic region. The
tensile strength increases with decrease in Areca fiber
and increase in maize powder upto 700 gms of Areca
and 300 gms of maize powder. Later the tensile
strength decreases with decrease in Areca fiber and
increase in maize powder. The tensile strength is
maximum in 300B composite plate and its Young’s

modulus is 135MPa compared to remaining
composite plates.
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Figure3: Load-Deflection curves for tensile strength
of 400ml PF composite plates

Fig. 3 shows the load-deflection curves for areca
fiber and maize powder reinforced PF composite
plates. The tensile strength increases with decrease in
Areca fiber and increase in maize powder upto 700
gms of Areca and 300 gms of maize powder. Later
the tensile strength decreases with decrease in Areca
fiber and increase in maize powder. The tensile
strength is maximum in 400B composite plate and its
Young’s modulus is 125.2 MPa compared to
remaining  composite  plates.  Mukhopadhyay
describes the tensile properties of unidirectional
composites depend more on the tensile properties of
the fibers with a high fiber volume fraction. The
strength and the modulus values of the fresh fibers
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were superior than the aged fibers. S. Jain et al. [8,9]
showed the tensile, bending and static strength of the
composite reinforced by bamboo orthogonal strip
mats. A.V. Rajulu et al. [10] investigated the effect of
fiber length on the tensile properties of short bamboo
fiber epoxy composites.

B. Flexural Strength

o PF200
05
04
A
= 03 ——200A
3
3 —=—2008
0.2
200C
0.1 —200D
0
0 2 4 6 8
Deflection (mm)

Fig.4 Load-Deflection curves for bending strength of
200ml PF composite plates

Fig.4 shows the load deflection curve for
bending strength of Areca fiber and maize powder
reinforced PF composite plate. This curve shows that
the bending load for composite plate increases with
decrease in Areca fiber and increase in maize
powder. The composite plate of 200D shows the
maximum bending load compared to other composite
plates. The maximum bending load is 0.753 kN for
200D composite plate.
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Figure.5: Load-Deflection curves for bending
strength of 300ml PF composite plates

Fig.5 shows the load deflection curve for
bending strength of Areca fiber and maize powder
reinforced PF composite plate. This curve shows that
the bending load for composite plate increases with
decrease in Areca fiber and increase in maize
powder. The composite plate of 300D shows the
maximum bending load compared to other composite

plates. The maximum bending load is 0.951 kN for
300D composite plate.
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Figure 6: Load-Deflection curves for bending
strength of 400ml PF composite plates

Fig.6 shows the load deflection curve for
bending strength of Areca fiber and maize powder
reinforced PF composite plate. This curve shows that
the bending load for composite plate increases with
decrease in Areca fiber and increase in maize
powder. The composite plate of 400C shows the
maximum bending load compared to other composite
plates. The maximum bending load for 400C
composite plate is 1.054 kN.

C. Adbhesive tensile strength
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Figure 7 Adhesive Tenslie stress — strain curves for
200ml PF composite plate

Fig. 7 shows the stress-strain curves for areca
fiber and maize powder reinforced 200ml PF
composite plates. The adhesive tensile strength
decreases with decrease in Areca fiber and increase
in maize powder. Maximum adhesive tensile stress is
0.225 MPa for 200A composite plate compared to
remaining composite plates.
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Figure 8 Adhesive Tenslie stress — strain curves for
300ml PF composite plate

Fig. 8 shows the stress-strain curves for areca
fiber and maize powder reinforced 300ml PF
composite plates. The adhesive tensile strength
increases with decrease in Areca fiber and increase in
maize powder upto 350 gms of Areca and 150 gms of
maize powder. Later the adhesive tensile strength
decreases with decrease in Areca fiber and increase
in maize powder. Maximum adhesive tensile stress is
0.264 MPa for 300B composite plate compared to
remaining composite plates.
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Figure 9 Adhesive Tenslie stress — strain curves for
400ml PF composite plate

Fig. 9 shows the stress-strain curves for areca
fiber and maize powder reinforced 400ml PF
composite plates. The adhesive tensile strength
increases with decrease in Areca fiber and increase in
maize powder upto 700 gms of Areca and 300 gms of
maize powder. Later the adhesive tensile strength
decreases with decrease in Areca fiber and increase
in maize powder. Maximum adhesive tensile stress is
0.237 MPa for 400B composite plate compared to
remaining composite plates. Mukhopadhyay explains

the Adhesion by interdiffusion is a mechanical
interlocking on a molecular scale. This mechanism of
adhesion is applicable to materials whose molecules
possess a high degree of mobility as well as affinity
toward the opposing molecules. In the presence of
moisture, the molten matrix cannot properly diffuse
into the fiber and results in lack of adequate fiber—
matrix adhesion

V. CONCLUSION
e The overall results demonstrated for fiber
composites shows good mechanical properties.
e The tensile strength obtained is 135MPa in 300b
Composite which a maximum.
e  The flexural strength is 1.054KN for 400C.
e The adhesive tensile strength is 0.264KN
obtained for 300B
Based on the results, the composite materials can
be used in packing industries, low cost housing,
domestic purposes and can be used as commutative
material for plywood.

REFERENCES

[1]  Sherely Annie Paul, Abderrahim Boudenne,
Laurent Ibos, Yves Candau, Kuruvilla
Joseph and Sabu Thomas. Effect of fiber
loading and chemical treatments on
thermophysical  properties of banana
fiber/polypropylene commingled composite
materials, Composites: Part A 39 (2008)
1582-1588.

[2] R.P.Swamy, G.C.Mohan Kumar, Y. V
rushabhendrappa and Vince Joseph, “Study
of areca reinforced phenol formaldehyde
composites ” Vol 23, 2004, Journal of
reinforced plastics and composites

[3] N. Sgriccia, M.C. Hawley and M. Misra.
Characterization of natural fiber surfaces
and natural fiber composites, Composites:
Part A 39 (2008) 1632-1637.

[4] Srinivasa chikkol venkateshappa,
Basavaraju bannehalli, Mounesh Gadde
Kenchappa and Raghu Patel Gowda
Rangangowda. Flexure of  Areca
Composites, BioResource 5(3), 1846-1858.

[5] S. Mukhopadhyay and R. Srikanta. Effect of
ageing of sisal fibres on properties of sisal —

Polypropylene composites, Polymer
Degradation and Stability 93 (2008) 2048—
205.

[6] Koichi Goda, M.S. Sreekala, Alexandre
Gomes, Takeshi Kaji and Junji Ohgi.
Improvement of plant based natural fibers
for toughening green composites—Effect of
load application during mercerization of
ramie fibers, Composites: Part A 37 (2006)
2213-2220.

WWW.ijera.com 188|Page



Kishan Naik Int. Journal of Engineering Research and Applications WWW.ijera.com
ISSN : 2248-9622, Vol. 4, Issue 8( Version 3), August 2014, pp.185-189

[71 Kazuya Okubo, Toru Fujii and Yuzo
Yamamoto. Development of bamboo-based
polymer composites and their mechanical
properties, Composites: Part (A) 35 (2004)
377-383.

[8] Jain S, Kumar R, Jindal UC. Development
and  fracture  mechanism  of the
bamboo/polyester resin composite. J Mater
Sci Lett 1993; 12: 558-60.

[9] Jain S, Kumar R, Jindal UC. Mechanical
behavior of bamboo and bamboo composite.
J Mater Sci 1992; 27:4598-604.

[10] Gassan J, Blendzki AK. Influence of fiber
surface treatment on the creep behavior of
jute  fiber-reinforced polypropylene. J
Thermoplast Compos Mater 1999:12:388-
97.

WWW.ijera.com 189|Page



