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Abstract: In recent years natural fibers appear to be the outstanding materials which come as the viable and 

abundant substitute for the expensive and non-renewable synthetic fiber. Natural fibers like sisal, banana, jute, 

oil palm, kenaf and coir has been used as reinforcement in thermoset composite for applications in consumer 

goods, furniture, low cost housing and civil structures. Pineapple leaf fiber (PALF) is one of them that have also 

good potential as reinforcement in thermoset composite. The objective of the present work is to explore the 

potential of using PALF as reinforcement and investigate the effect of fiber length on tensile properties of PALF 

reinforced Bisphenol composite. From this experimental study, it was observed that the fiber length greatly 

influences the tensile properties of reinforced composites. A higher tensile strength of 36.36Mpa was obtained 

for the fiber length of 9mm compared to the fiber length of 3, 6 and 12mm.   
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I. Introduction 

Recently, composite materials have successfully substituted the traditional materials in several light weight and 

high strength applications. The reasons why composites are selected for such applications are mainly their high 

strength-to-weight ratio, high tensile strength at elevated temperatures, high creep resistance and high 

toughness. By definition, composites are materials consisting of two or more chemically distinct constituents on 

a macro scale having a distinct interface separating them and having bulk behavior which is considerably 

different from those of any of the constituents[1]. 

Two types of fibers can be used for reinforcing in the composite materials: 

1. Synthetic Fibers 

2. Natural Fibers 

Synthetic fibers are the most widely used to reinforce plastics due to their low cost and fairly good mechanical 

properties. However, these fibers have serious drawbacks as high density, non-renewability, non-

biodegradability, high energy consumption etc. Growing environmental awareness and societal concern, a high 

rate of depletion of petroleum resources, the concept of sustainability, and new environmental regulations have 

triggered the search for new products that are compatible with the environment. Sustainability, ‘cradle to grave’ 

design, industrial ecology, eco-friendly and bio-compatibility are the guiding principles of development of new 

generation materials. Lignocellulosic reinforced composites are the materials of the new paradigm. The use of 

biodegradable and environment friendly plant-based fibers in the composites reduces waste disposal problems, 

environment pollution and ecological concerns. 

India, endowed with an abundant availability of natural fibers such as jute, coir, sisal, pineapple, ramie, bamboo, 

banana etc., has focused on the development of natural fiber composites primarily to explore value-added 

application avenue. Due to an occurrence of a wide variety of natural fibers in the country, Indian researchers 

have directed efforts for quite some time in developing innovative natural fiber composites for various 

applications. While the national research agencies in India have excellent scientific achievements to their credit 

for development of natural fiber composites, efforts on their commercialization have been limited so far. The 

natural fiber composites can be very cost-effective material especially for building & construction industry 

(panels, false ceilings, partition boards etc.), packaging, automobile & railway coach interiors and storage 

devices[2]. 

One such fiber source known for a long time is pineapple leaves from which pineapple leaf fibers (PALF) may 

be extracted. Pineapple (Ananas comosus) is the third most important tropical fruit in the world after banana and 

citrus. S.M.Sapuan et.al [3] reviewed the importance of pineapple leaf fiber by stating that PALF is the least 

studied natural fiber, especially for reinforcing composites. The article presented a survey of research works 

carried out on PALF and PALF-reinforced composites. Noor Sabah Sadeq [4] made experimental studies on 

Influence of Natural Fiber on the Mechanical Properties of Epoxy Composites. The study deals with the effects 

of natural fibers on some mechanical properties of the Epoxy composite. Jayamol George [5] made 
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experimental studies on Short Pineapple-Leaf-Fiber-Reinforced Low-Density Polyethylene Composites. The 

influence of fiber length, fiber loading, and orientation on the mechanical properties has also been evaluated. 

The objective of the present work is to investigate the effect of fiber length on tensile strength of the PALF 

reinforced polymer composite. 

II. Materials and Methodology  

PALF is one such fiber source known from a long time obtained from the leaves of pineapple plant 

(Ananascomosus) from the family of Bromeliaceae. The Food and Agriculture Organization (FAO) has reported 

that most of the world pineapple fruit production in 2001 amounting to about 13.7 million tons of fresh fruits are 

produced in Asia [6]. Pineapple leaves from the plantations are being wasted as they are cut after the fruits are 

harvested before being either composted or burnt. Additionally, burning of these beneficial agricultural wastes 

causes environmental pollution. Table 2.1 shows some of the physical and mechanical properties of pineapple 

leaf fiber. 

Table 2.1 Properties of pineapple leaf fiber: 

Property Value 

Density (g/cm3) 1.526 

Softening Point (°C) 104 

Tensile Strength (MPa) 170 

Young’s Modulus (MPa) 6260 

Specific Modulus (MPa) 4070 

Elongation at Break (%) 3 

Moisture regain (%) 12 

 

Bisphenol-A (BPA) is an organic compound which belongs to the group of diphenyl methane derivatives and 

Bisphenol. The chemical formula is (CH3)2C (C6H4OH)2. BPA is used to make certain plastics and epoxy resins; 

it has been in commercial use since 1957. Table 2.2 shows some of the properties of Bisphenol resin. 

Table 2.2 Properties of Bisphenol resin: 

Tensile strength 30Mpa 

Tensile modulus 3300 Mpa 

Elongation at break 2% 

Flexure strength 80Mpa 

Flexure modulus 3100 Mpa 

Melting point 156 - 159 0C 

Specific gravity 1.19 - 1.20 

Impact strength 2.0-2.2 kJ/m2 

Poisson’s ratio 0.37 

 

A.   Extraction of fibers 

PALF were extracted from the leaf of pineapple plant by biological method. The conventional extraction 

processes like retting leads to serious problems like methane and sulphide emission, water contamination and 

other environmental pollutions. Owing to the above factors, biological method is preferred to mechanical and 

chemical routes for extracting fibers of good quality from embedding matrix. It is in this context that National 

Institute of Interdisciplinary Science and Technology (NIIST), Trivandrum, Kerala devised a clean anaerobic 

process to yield superior quality fibers while shortening the processing time substantially. Here separation of 

fibers from their matrices is achieved by enzymatic cleaving of cementing compounds with in situ microbial 

growth and enzyme production. The organic residue generated by the process is converted to methane that can 

be recovered for fuel. 

B.  Chemical treatment 

Alkali treatment or mercerization using sodium hydroxide (NaOH) is the most commonly used treatment for 

bleaching and cleaning the surface of natural fibers to produce high-quality fibers. Modifying natural fibers with 

alkali has greatly improved the mechanical properties of the resultant composites. 

The following steps were carried out during chemical treatment: 
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 5% NaOH solution was prepared using sodium hydroxide pellets and distilled water. 

 Pineapple leaf fibers were then dipped in the solution for 1hour. 

 After 1 hour fibers were washed with 1% HCl solution to neutralize the fibers. 

 Then it is washed with distilled water. 

 It was then kept in hot air oven for 3hours at 65-70°C. 

C.     Manufacturing of composite 

A polypropylene (PP) mould having dimensions of 150 X 100 X 4 mm is used for composite fabrication. The 
mould was first cleaned with wax so that the laminate easily comes out of the die after hardening. Then around 
15 to 20 ml of promoter and accelerator are added to Bisphenol and the color of the resin changes from pale 
yellow to dark yellow with the addition of these two agents. The laminates of three different fibers orientations 
mats of unidirectional, bidirectional and inclined are prepared using hand layup method. This method of 
manufacturing is a relatively simple method compared to other methods like vacuum bag molding, resin transfer 
molding, autoclave molding etc. Figure 2.1 shows the PALF reinforced laminated composites with fiber length 
of 3, 6, 9 and 12mm respectively. 
 

Figure 2.1 The PALF reinforced laminated composites with fiber length of 3, 6, 9 and 12mm respectively. 

       
 
 

III. Results and Discussion 

The tensile property of the PALF reinforced laminated composites with fiber length of 3, 6, 9 and 12mm was 
studied and compared. ASTM D638 is one of the most common plastic strength specifications and covers the 
tensile properties of unreinforced and reinforced plastics. The tensile test were conducted following the standard 
of ASTM D638 (115*19*4mm) is type IV using JJ Lloyd universal testing machine with load cell of 1kN and 
using crosshead speed of 5 mm/min. The test was performed until the tensile failure occurred. 

Figure 3.1– Specimen undergoing tensile test 
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The results of the tensile test are put forth in the form of stress-strain curves. Figures 3.2(a), 3.2(b), 3.2(c) and 
3.2(d) show the stress-strain curve for the PALF reinforced laminated composites with fiber length of 3, 6, 9 and 
12mm respectively. The maximum load, Young’s modulus and tensile stress obtained from the experimental 
study are given in Table 3.1. Figure 3.3 shows the variation of tensile stress for different fiber lengths in the 
laminated composite.  

Figure 3.1(a) Stress-strain curve of 3mm length PALF composite             Figure 3.1(b) Stress-strain curve of 3mm length PALF composite 

                           

           
Figure 3.1(c) Stress-strain curve of 9mm length PALF composite               Figure 3.1(d) Stress-strain curve of 12mm length PALF composite 

 

                       
 
Table 3.2 shows the maximum load, Young’s modulus and tensile stress obtained from the experimental study for 
the PALF reinforced laminated composites with fiber length of 3, 6, 9 and 12mm. 

Table 3.1 Maximum load, Young’s Modulus and Stress at Maximum load 

 
 
 

Fiber length (mm) Maximum load(kN) Young’s Modulus(MPa) Stress at maximum load (Mpa) 

3 0.365888355 3266.22926 15.24534815 

6 0.740519816 4267.980312 30.85499234 

9 0.872640056 4536.495564 36.36000235 

12 0.871208972 4399.825824 36.30037385 
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Figure 3.3.The variation of tensile stress for different fiber lengths. 

 

The tensile strength of the matrix material Bisphenol alone is 30 Mpa (Table 2.2). Initially for fiber length of 
3mm, Young’s modulus value is slightly lesser than the matrix material. But as the length of the fiber increased, 
the value increased by 22.68% for 6mm and further increased by 27.26% for 9mm with respect to that of matrix 
material. Tensile stress also shows the same variation as that of Young’s modulus. From the table 3.1 it can be 
observed that a slight increase of 2.75% for 6mm fiber length. But the value increased significantly by 17.49% 
for 9mm fiber length and it was the highest and then it remained constant for 12mm fiber length. The highest 
value of tensile strength is 36.36Mpa is obtained for laminated composite of fiber length of 9mm.  

IV. Conclusion  

The results of the present study revealed that a useful composite with good properties could be successfully 

developed using treated PALF as reinforcing agent for the Bisphenol matrix. It can be seen that fiber length of 

9mm show better tensile strength (36.36 MPa) than fiber length of 3, 6 and 12mm respectively. Hence fiber 

length greatly influences the tensile strength of the PALF reinforced Bisphenol composite. 
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