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Abstract— Fiber reinforced polymer composites play vital 

role in wide variety of applications for their high specific 

strength and modulus. Although the glass and other synthetic 

fiber reinforced plastics possess high specific strength and 

modulus, their field of application is limited because of their 

high cost. But the natural fibers are light weight and cheaper. 

Areca and Calotropis fibers are easily available in India. The 

present work deals with the development and characterization 

of hybrid composite material reinforced with areca and 

Calotropis fibers with various process parameters. The effect 

of alkaline treatment on fibers has been studied. The 

composite materials were developed with various 

composition and different lengths of areca and Calotropis 

fibers. They were tested for the tensile strength, and impact 

strength to study the performance characteristics of this 

composite material and to select the best composition and 

length of the fiber for suitable application. 
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I. INTRODUCTION 

Over the last thirty years composite materials, plastics and 

ceramics have been the dominant emerging materials. The 

volume and number of application of composite materials 

have grown steadily, penetrating and conquering new 

markets relentlessly. Modern composite materials constitute 

a significant proportion of the engineered materials market 

ranging from everyday products to sophisticated niche 

applications. While composites have already proven their 

worth as weight-saving materials, the current challenge is to 

make them cost effective. The efforts to produce 

economically attractive composite components have resulted 

in several innovative manufacturing techniques currently 

being used in composites industry. 

Fibers are the principal constituent in a fiber 

reinforced composites. Proper selection of the fiber type, 

fiber volume fraction, fiber length, and fiber orientation is 

very important in composites. Fiber length has a great 

influence on the mechanical characteristics of a material. The 

fibers can be either long or short. The interest in natural fiber-

reinforced polymer composite materials is rapidly growing 

both in terms of their industrial applications and fundamental 

research. They are renewable, cheap, completely or partially 

recyclable, and biodegradable. Plants, such as flax, cotton, 

hemp, jute, sisal, coir, pineapple, ramie, bamboo, banana, 

etc., as well as wood, used from time immemorial as a source 

of lignocellulosic fibers, are more and more often applied as 

the reinforcement of composites. 

Since the past few decades, interest of researches 

and engineers have been shifting from traditional bulky 

materials to fiber reinforced polymer-based materials due to 

their unique properties. Venkateshwaran N. et al.1 predicted 

the tensile strength and modulus of short, randomly oriented 

hybrid-natural fiber composite (banana and sisal) was found 

out experimentally and also predicted using Rule of Hybrid 

Mixture (RoHM). Hybrid composites were prepared using 

banana/sisal fibers of 40:0, 30:10, 20:20, 10:30, and 0:40 

ratios, while overall fiber volume fraction was fixed as 0.4Vf. 

A study has been carried out of Srinivasa C.V. et al.2 to 

evaluate physical, flexural and impact properties of 

composite made by areca fibers with randomly distributed 

fibers. 

The variation of mechanical properties such as 

tensile and flexural properties of randomly oriented 

unsaturated polyester based sisal/carbon fiber reinforced 

hybrid composites with different fiber weight ratios have 

been studied by Noorunnisa Khanam P.et al.3 .The fibers 

were boiled in aqueous 18% NaOH solution for 30 min to 

remove the soluble greasy material in order to enhance the 

adhesion characteristics between the fiber and the matrix. 

Tensile and flexural properties of snake grass natural fiber 

reinforced isophthallic polyester composites have been 

studied by Sathishkumar T.P. et al.4. Huang Gu5 has studied 

about the tensile behaviours of the coir fiber and related 

composites after NaOH treatment. 

II. EXPERIMENTAL 

A. Materials 

Natural fiber used in this work or areca catechu and 

Calotropis gingantea, collected from local source. Generally 

polyester resin was used as matrix and this was purchased 

from local dealer. Methyl ethyl ketone peroxide was used as 

a catalyst and cobalt naphthalene was used as an accelerator 

and this was purchased from local dealer. 

III. METHODS 

A. Extraction of Fibers 

The stalks of the areca trees are cut and exposed to wither for 

at least twenty four hours. The fiber is then extracted from the 

stalk after making it to soak into water for 2 to 3 days. Then 

the fiber is dried. To procure the Calotropis fibers, the 

straightest branches or cut and exposed to wither for at least 

twenty four hours; on the second and third day the straightly 

beaten; the skin is then peeled and the stringy substance 

between the bark and the wood are taken out. They are then 

dried in the sun. 

B. Alkaline Treatment 

Alkaline treatment or mercerization is one of the most used 

chemical treatments of natural fibers when used to reinforce 

thermoplastics and thermo sets. The important modification 

done by alkaline treatment is the disruption of hydrogen 

bonding in the network structure, thereby increasing surface 
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roughness. This treatment removes a certain amount of lignin, 

wax and oils covering the external surface of the fiber cell 

wall, depolymerizes cellulose and exposes the short length 

crystallites. In this process untreated fibers are dipped in 4% 

NaOH solution at ambient temperature (30 + 2UC) over 30 

min duration maintaining fiber weight to alkali volume ration 

of 1:50. After the treatment the fibers are neutralized with 5% 

acetic acid solution and thoroughly washed with distilled 

water. The washed samples are dried until obtaining a 

constant weight. 

C. Tensile Testing of a Single Fiber 

The tensile properties of the untreated and alkali treated long 

continuous areca and Calotropis fiber were measured by a 

single fiber tensile testing method using the INSTRON – 

5500R Universal Testing machine with fiber length as 10 mm 

at the cutting rate of 100 mm/min. Fifteen samples were 

tested in this work and the average value of the tensile 

strength, and elongation at the failure/break were obtained. 

D. Preparation of Hybrid Composite 

The different combinations (100/0, 75/25, 50/50, 25/75, 

0/100) were selected to do hybrid areca/Calotropis/polyester 

laminates by fixing the fiber length i.e. 3 cm. Later, 1.3% 

methyl ethyl ketone peroxide and 1 wt% cobalt naphthalene 

were added and mixed thoroughly. Steel dies are used to 

prepare the composite specimens. Initially the releasing agent 

is coated over the male and female section of the die for easy 

removal of the specimens after the solidification process. The 

surfaces are then allowed to dry for 15 min, and the closed 

mould is kept on the hydraulic press and a compressive 

pressure is applied for 8 hour at atmospheric temperature. 

Finally the fiber are reinforced with the polyester resin within 

the mould cavity to prepare the required composite plate. 

E. Tensile Testing of the Composite 

Tensile tests were conducted for the composite specimen 

using the electronic tensometer setup to obtain the tensile 

properties. The standard specimens of the composites were 

prepared according to the ASTM D 638 standards. The 

specimens were machined to a standard size of 165 mm x 13 

mm x 3 mm for a gauge length of 50 mm. For this testing, the 

cross head speed of 1mm/min is maintained in each case and 

the average value is reported. 

F. Impact Testing of the Composite 

Impact testing was conducted according to the ASTM D 256 

standards. The specimens were machined for the dimensions 

of 64 mm x 13 mm x 3 mm. For this testing, the notched 

specimen is clamped into the pendulum impact test fixture 

with the thin edge facing the striking edge of the pendulum. 

The pendulum is released and allowed to strike through the 

specimen. The energy absorbed by specimen was indicated 

by the position of a pointer on a calibrated dial attached to the 

testing machine. Two samples were tested in each case and 

the average value is reported. 

IV. RESULTS AND DISCUSSION 

The mean breaking strength of untreated and alkali treated 

areca fiber are 927.199 gm and 597.79 gm respectively. The 

mean elongation % of untreated and alkali treated areca fiber 

are 2.60% and 4.49% respectively. 

The mean breaking strength of untreated and alkali treated 

Calotropis fiber are 790.98 gm and 543.00 gm respectively. 

The mean elongation % of untreated and alkali treated 

Calotropis fiber 1.99% and 2.67% respectively. 

 
Fig. 1: 

The tensile strength of untreated areca/Calotropis 

fiber reinforced hybrid composites with different fiber 

reinforced hybrid composites with different fiber weight 

ratios i.e. 100:0, 75:25, 50:50, 25:75, and 0:100 were 

presented in the figure 1. 

 
Fig. 2: 

The impact strength of untreated areca/Calotropis 

fiber reinforced hybrid composites with different fiber weight 

ratios i.e. 100:0, 75:25, 50:50, 25:75, and 0:100 were 

presented in the figure 2. 

V. CONCLUSIONS 

In this present work, the areca and Calotropis fibers are 

treated with 4% NaoH solution. The mean breaking strength 

of alkali treated fibers is lowered when compared to the 

untreated fibers, higher alkali concentration would deteriorate 

the fiber strength, the higher the concentration, the greater the 

damage to the fiber. The mechanical properties such as tensile 

and impact properties of untreated areca/Calotropis hybrid 

composites were studied. The variation of tensile and impact 

properties of these hybrid composites were studied by 

different weight ratios. It was observed that the maximum 

tensile strength of 25.65 Mpa is obtained for 50:50 ratio of 

hybrid composite. Overall, it can be concluded that the 
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areca/Calotropis hybrid composite have the good mechanical 

properties which is suitable for many applications. 
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