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Abstract. The depletion crude oil has urged many researchers to find a suitable material to 

replace the current synthetic polymer products. Furthermore the shortage of landfill and 

ingestion of plastic by animals has to be taken in consideration in finding a material that can 

be easily biodegraded by enzyme or bacteria. In this study both fibre and matrix are from 

plant fibre, which makes the product highly compostable after the intended life usage. The 

fibre surface is modified with various alkaline concentrations before mixing with matrix 

through extrusion technique. The product of the extrusion is pelletized and hot compressed 

into specimen size according to ASTM. The specimen was tested for mechanical properties 

and the result indicates that the alkaline concentration affects the strength of the composite. 

Introduction 

The non biodegradable plastic has caused many environmental problems such marine 

pollution, shortage of landfill, and incineration [1]. The issues have led to many studies on 

natural fibre reinforced composite to find an alternate for synthetic polymers [2]. Each year, 

30 million tonnes of natural fibres are being produced and used as part of many 

manufacturing process like automotives, sport equipment, medical equipment and 

constructions [3]. Natural fibres which are categorized as plant, animal and minerals are low 

cost, easily available, less hazardous, and less abrasive toward equipments [4]. Composites 

are made of two or more material combined to create a new compound with desired 

properties. The current composites in the production still can’t be considered fully 

biodegradable due to the fact that the matrix that being used is synthetic polymer which is 

petroleum based source. Hence, further studies on biopolymers as matrices have to be carried 

out to ensure the product is fully biodegradable at the end of its usage [5]. Starch polymers 

are one of the promising matrices that are being studied in recent years. Starch is produced 

from grain or root crops like yam, cassava, wheat, rice and sweet potatoes [6]. Starch 

polymer is made by crushing its semicrystalline granular structure so that the starch 

thermoplastic characteristics to be formed. This fact produces a homogeneous essentially 

amorphous polymer matrix which requires plasticizers (polyols such as sorbitol and glycerol) 

by mechanic and thermal energy, such as in the single or double-screw extrusion process [7]. 
There are many product based on starch in the current market such as food packaging, 

hygienic product and shopping bags.  



In this study, we will use pineapple leaf fibre (PALF) for its excellent strength which 

caused by high cellulose content in the fibre. PALF chemical constituents contents 70-82 

wt% of cellulose, 5-12.7wt% of lignin, 11.8wt% of moisture content and 14
o
 of microfibrillar 

angle [8].  A study in 2013 reported that Thailand is currently the largest pineapple producer 

with around 240,000 acres of cultivation and its fibres are used very little which makes the 

fibre abundantly available [9]. Further Malaysia also cultivates pineapple fruit to world 

market annually which gives huge agricultural waste [10]. However, PALF is a plant fibre 

which is highly hydrophilic due to the high amount of hydroxyl group in the cellulose. 

Excellent fibre-matrix interfacial bonding is very crucial for composites to have high 

mechanical properties [11]. Hence the fibre has to be treated in alkaline solution to reduce the 

hydrophilic characteristic [12]. The fibre was treated with different alkaline concentration to 

study the effect of concentration on the composite mechanical properties. The matrix which is 

tapioca based bioplastic resin (TBR) shares the same hydrophilic characteristics of the fibre 

which would lead to a better bonding between fibre and matrix.  

Methodology 

Preparation of Fibres. The PALF was grinded and then sieved before treating with alkaline. 

Fibres with sizes of 2mm-4mm were taken for this study as the size was the highest amount 

from sieving. Sodium hydroxide was chose as alkaline and the concentrations of the alkaline 

used were 3%, 5%, and 7%. The fibres were treated with alkaline solutions for 6 hours under 

room temperature. The alkaline reaction with PALF is illustrated below: 

 

                        PALF + NaOH           PALF    O
-
Na

+
 + H2O 

 

After that, the fibres were washed several times with water before drying under the sun. 

The fibres were later placed in a vacuum oven for 24 hours at 80
o
C. The dried fibres were 

placed in sealed bags until the experiment to avoid humidity. 

Fabrication  

Table 1: The PALF/TBR mixing ratio by weight percentage 

The concentration of PALF treatment  PALF  TBR Resin  

Untreated  PALF reinforced TBR composite plate r 30%  70%  

3% PALF reinforced TBR composite plate  30%  70%  

5% PALF reinforced TBR composite plate  30%  70%  

7% PALF reinforced TBR composite plate  30%  70%  

 

In this part, extruder was used to blend the PALF and TBR according to Table 1 mixing 

ratio. After extruding the composites, hot compress moulding machine was used to fabricate 

the samples. The mould for the hot compress moulding was prepared according to ASTM 

D638, ASTM D790 and ASTM D256 specimen size. The PALF was blended with TBR 

using twin screw extruder machine with temperature for all zones set to 160
o
C and the screw 

speed of 100rpm. Later the product of extrusion was pelletized using pelletizer. The pellets 

were later hot compressed into specimen size under the pressure of 8Mpa for 5minute at 

170
o
C and then subsequently cold pressed under the pressure of 8Mpa for 5 minutes at room 

temperature..  



Experimental Setup 

All the samples before experiment were kept according to ASTM D618.The specimens 

were tested for tensile, flexure and impact strength. The tensile specimen size was according 

to ASTM D638.  

Three point bending method was applied for flexural test using INSTRON Universal 

Testing Machine with  sample size of 127 mm (L) x 12.7 mm (W) x and 3 mm (T).   

Izod notched method was used for impact test using INSTRON swing pendulum machine 

with specimen size of with dimensions of  63.5(W)  mm x 12.7(L) mm x 3 mm(T). 7 

specimens from each concentration were tested for both test and the 5 precise results were 

taken for data analysis. The entire tests were run under room temperature. 

Result and Discussion 

 It can be observed that the concentration of alkaline treatment affects the mechanical 

properties of the composites. It can be seen from figure 1 that 5% alkaline treatment records 

5.59MPa which is an increase of 21.3% from 3% concentration which gives 4.609 MPa. 

Unfortunately at 7% alkaline treatment the strength decreases to 3.8 MPa which is a 47.2% 

drop.  

 

The figure 2 illustrates a fluctuating graph pattern where the highest flexure strength was 

recorded at 5% alkaline treatment with the strength of 6.37Mpa which increased 11.1% from 

3% concentration which gives 5.73 MPa. The lowest was noted at 7% with the strength of 

4.89Mpa which is a 30.2% decrease from 5% concentration. 

 It can be reported that the alkaline treatment affects the strength of the composite by 

increasing the surface roughness of the fibre which provides better mechanical interlocking. 

It can be noted the high concentration causes a significant reduction in lignin, which weakens 

the fibre. Similar findings were reported by Li et al where at higher alkali concentration, 

excess delignification of natural fiber occurs resulting in a weaker or damaged fiber [13]. 

 

0 

1 

2 

3 

4 

5 

6 

3% PALF/TBR 5% PALF/TBR 7% PALF/TBR 

A
ve

ra
ge

 T
e

n
si

le
 S

tr
e

n
gt

h
 [

M
P

a]
 

Concerntration of alkaline treatment 

Effect of Alkaline Treatment  

Fig. 1:  Effect of alkaline treatment on flexural strength of PALF reinforced TBR composite 



 

 

 
 

Figure 3 shows incline graph pattern compared to flexure strength graph. The highest was 

seen at 7% concentration with 3.522kJ/m
2
 and the lowest was at 3% concentration with 

3.39kJ/m
2
. It can be observed that the values are not very significant as the difference 

between the highest and the lowest are just 3.9% which is considered low. 

It can be reported that the increase of alkaline concentration has increased the impact 

strength. Ikhlef et al also found that the treatment of the flour improves the compatibility and 

promotes the ability to dissipate energy during fracture [14]. It had a low impact resistance, 

perhaps due to a better interfacial bonding with the biofiber and brittleness of the composite 

[15]. 

 

 

 

Fig. 3:  Effect of alkaline treatment on impact strength PALF of reinforced TBR composite 
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Fig. 2:  Effect of alkaline treatment on flexural strength of PALF reinforced TBR composite 
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Conclusion 

It can be concluded that the increase in alkaline concentration has increased the 

mechanical properties of the PALF/TBR composite by increasing the surface roughness 

offering more exposure for reaction. However, at the highest alkaline concentration, the 

strength of the composite tends to be weak due to damaged fibres. It can be accepted that the 

5% alkaline solution is the optimum concentration for NaOH treatment.  
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