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Abstract 
 

Pandanus atrocarpus, or locally known as mengkuang plant is likely to be potential natural fibre 

reinforcement in composite. Both the Pandanus leaves, and fibres extracted from the Pandanus leaves 

were used in composite fabrication. Fibres were extracted from Pandanus leaves with water retting 

process. Pandanus composites were laminated using compression moulding method. The tensile 

properties of composite laminates based on lamination of Pandanus leaf- and extracted Pandanus 

fibre-reinforced polyethylene were investigated. Tensile tests have shown that composite laminates 

based on extracted Pandanus fibre reinforced polyethylene were more superior than using the 

Pandanus leaf itself without extracting its fibre. Tests exhibited that increasing the volume fraction of 

Pandanus fibre resulted in strength increase. This suggests that Pandanus fibre- based composites 

could offer a range of mechanical properties for use in the engineering industry. 
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1. Introduction 

 

The year 2009 has been appointed by the United Nations to be the international year of natural 

fibres. This indicates the significant of the usage of natural fibres in the history of human 

development. Natural fibres have long been utilised since the ancient world. People used natural fibres 

to meet their basic necessity, such as in textiles, clothing, housing appliances and building materials. 

The usage of green fibres depends on the quantities of local production or natural resources of the 

location. Natural fibres were used in ancient Egypt some 3000 years ago, when clay was reinforced by 

straw to build walls [1]. Kvavadze et al. [2] have also reported that man used flax fibres in prehistoric 

times for weaving baskets and sewing garments in caves in Georgia more than 30,000 years ago. 

The usage of natural fibres can be found widely in a variety of industries, such as in automotive, 

aerospace, building, plastic and textile. One of the noticeable applications of natural fibres is to 

replace synthetic fibres or man-made fibres as reinforcement in the composite production. There has 

also been an increasing interest in the use of polymer fibre composites reinforced natural fibres. 

Polymer composites have widely been applied due to the benefits they possess, such as light, cheap 

and ease of fabrication. Natural fibres have less environmental impact compare to synthetic fibres. 

The biodegradable natural fibres are economic viability, low density, enhance energy recovery, ease 

of separation, reduce dermal and respiratory irritation, good specific strengths and modulus [3-5]. 

Research and studies done on natural fibres used as reinforcement in composite has shown promising 

results [6-7]. The aim of the work presented here is to investigate the possibility of using Pandanus 

atrocarpus reinforced thermoplastics polyethylene to produce a lightweight composite panel. The 

composites were manufactured by using both Pandanus leaves, and fibres extracted from Pandanus 
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leaves as reinforcement of polyethylene. The two types of composites are compressed moulded at 

elevated temperature. Particular attention is given to characterising the tensile properties of these 

composite structures. 

 

2. Methods and Materials 
 

The natural fibres used in this study were the Pandanus atrocarpus, or the local mengkuang 

leaves. The plants are grown abundantly and wildly in moist and swampy areas in Sarawak. Two 

types of composites were investigated in this study. The first composite was fabricated using 

Pandanus leaves itself as reinforcement to polyethylene. The Pandanus leaves were dried in the sun 

for approximately two weeks before they were used. The leaves were pressed with approximately 100 

kg of heavy object while drying to produce flat leaves in order to ease the composite fabrication. The 

second type of composite was fabricated using the fibres extracted from Pandanus leaves. Water 

retting was used to extract fibres from the leaves. The leaves were submerged in distilled water tank 

for approximately two weeks. The outer layers of the leaves were peeled off to extract the internal 

fibres before they were dried in the sun for approximately two days. Once the extracted fibres were 

dried, they were used as reinforcement to polyethylene to fabricate composite structures.  

Seven different types of laminates were manufactured in this study and details of the stacking 

sequences of the laminates are given in Table 1. All of the composite laminates were compression 

moulded in a hydraulic press machine. Laminate A was based on 25PE/25PE, a total of 50 plies of 

neat polyethylene (PE) film and heating the stack to approximately 160°C. Laminates B to D were 

manufactured by stacking a layer of Pandanus leaf in between 40, 50 and 60 plies of polyethylene 

films, respectively. Laminate E was produced by using 18 g of short random fibres (approximately 3 

cm) with 50 plies of polyethylene film. Laminates F and G were produced by incorporating two 

different weights of long unidirectional fibres (18 g and 28 g, 230 mm in length) with 50 plies of 

polyethylene film, respectively. Laminates B to G were manufactured by heating the composites to 

approximately 180°C before cooling to room temperature. Tensile tests were then conducted on a 

Shimadzu universal testing machine at a crosshead displacement rate of 10 mm/minute for all the 

laminates. Tensile samples were cut to a width of approximately 25 mm and a length of 230 mm for 

tensile testing. 

 

Table 1. Summary of the laminates investigated in this study 

 

 

 

 

 

 

 

Laminate Constituent Materials Stacking Sequence 

A 50 plies neat polyethylene (PE) 25PE/25PE 

B 20 plies PE + 1 layer of PA leaf + 20 plies PE 20PE/1PA/20PE 

C 25 plies PE + 1 layer of PA leaf + 25 plies PE 25PE/1PA/25PE 

D 30 plies PE + 1 layer of PA leaf + 30 plies PE 30PE/1PA/30PE 

E 25 plies PE + 18 g PA fibres (Random) + 25 plies PE 25PE/18gPA(R)/25PE 

F 25 plies PE + 18 g PA fibres (Unidirectional) + 25 plies PE 25PE/18gPA(U)/25PE 

G 25 plies PE + 28 g PA fibres (Unidirectional) + 25 plies PE 25PE/28gPA(U)/25PE 
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3. Results and Discussion 
 

Figure 1 shows the stress-strain curves following tensile tests on the one layer Pandanus 

atrocarpus leaf reinforced polyethylene composites at a crosshead displacement rate of 10 min/mm. 

Laminate A, neat polyethylene is included for comparison in the figure. Laminate A exhibits a non-

linear response with the stiffness decreasing with increasing strain. Localised plasticity takes place 

between the fibres with the loading direction, and thus leading to a knee in the stress-strain curve. The 

stiffness then remains approximately the same until the laminate fails in a ductile manner at a strain of 

22%. The tensile strength obtained is approximately 11 N/mm
2
. The Pandanus leaves reinforced 

polyethylene composites exhibits better tensile strength in excess of 14 N/mm
2
. From the figure, it can 

be seen that reinforced one layer of Pandanus leaf will increase the strength of the laminate. Increasing 

the volume fraction of polyethylene in the laminates increases the tensile strength of Laminate D to 

approximately 23 N/mm
2
. An examination of the failed Pandanus reinforced polyethylene composite 

samples highlighted a delamination fracture of the crack, with Pandanus leaf separated from 

polyethylene before tensile fracture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Stress-strain curves following tensile tests at a crosshead displacement rate of 10 mm/min for 

the one layer PA leaf reinforced PE (40, 50 and 60 plies of PE). Laminate A (neat PE) is included for 

comparison. 

 
 Figure 2 shows the typical stress-strain traces following tensile tests at a crosshead 

displacement rate of 10 mm/min of the laminates based on extracted Pandanus fibres reinforced 

polyethylene. During the initial stages of the loading, all the laminates exhibit a more brittle response 

but offers tensile strength that exceed 18 N/mm
2
 that are all better than the laminate manufactured 

with Pandanus leaf as in Figure 1. Laminate E manufactured with short random Pandanus fibres 

(approximately 3 cm) reinforced polyethylene composite exhibit a strength of approximately 19 

N/mm
2
. Using long and unidirectional Pandanus fibres reinforced polyethylene (Laminates F and G) 

offers a better tensile strength compare to the short random fibre (Laminate E). Laminate E exhibits a 

lower tensile strength as the load was dissipated in multi-direction by the randomly oriented short 

fibres. The short fibres were unable to bear as much stress as the longitudinal aligned fibres [8]. The 

tensile strength for Laminate F and Laminate G are approximately 39 N/mm
2
 and 44 N/mm

2
, 

respectively. Increasing the volume fraction of Pandanus fibres to approximately 4 % (Laminate G) in 

the composite will increase about 13 % of the tensile strength of the laminate. An investigation of the 

fractured Pandanus fibres reinforced polyethylene samples showed a highly fibrous fracture with 

strands and groups of fibres extending away from the crack (Figure 3). 
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Figure 2. Stress-strain curves following tensile tests at a crosshead displacement rate of 10 mm/min for 

the PA fibres (random and unidirectional) reinforced PE. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Tensile sample Pandanus fibres reinforced polyethylene composite (Laminate D). 

 

 The variation of the tensile strength of all the Pandanus (leaf and fibre) reinforced 

polyethylene composite are shown in Figure 4. Laminate A (neat PE) is included for comparison. 

Clearly the tensile strength for both the Pandanus leaves (Laminate B to D), and fibres reinforced 

polyethylene composites (Laminates E to G) are higher than the neat polyethylene laminate (Laminate 

A). Using extracted fibres in composite laminating exhibits a better strength than using the leaf itself. 

The epidermises of the Pandanus leaves weakened the interlamination bonding between the 

reinforcement and polyethylene matrix, and thus resulted in weaker strength for Laminate B to D. The 

beneficial of introducing extracted Pandanus fibres had led to approximately three-fold increase in 

tensile strength, from approximately 14 N/mm
2
 (Laminate C) to 39 N/mm

2
 (Laminate F). It is evident 

that increasing the volume fraction of Pandanus fibres increases the tensile strength of the laminate. 

10 mm 
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Figure 3. The variation of the tensile strength of the entire PA (leaf and fibres) reinforced PE. 

Laminate A (neat PE) is included for comparison. 

 

4. Conclusions 
 

 The tensile properties of composites based on Pandanus atrocarpus and polyethylene have 

been investigated. Tests have exhibited that reinforced Pandanus atrocarpus in the laminate structure 

will improve the tensile strength of the composite. Tensile testing results also exhibited that 

introducing extracted Pandanus fibres will lead to a higher strength in the laminates than reinforcing 

with Pandanus leaf only. Increasing the volume fraction of fibres will increase the strength of the 

composites. This is a potentially attractive result since improvements in response of the tensile 

behaviour can be achieved without using the unfriendly synthetic fibre reinforcement.  
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