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ABSTRACT 

 

Most of the recent researches on sodium hydroxide (NaOH) treatment discusses on only 

the improvement in the properties of natural fibre composites. However, there is a 

potential in studying the effects of sodium hydroxide treatment even further by 

identifying the optimum NaOH concentration in order to achieve maximum 

improvement in the properties of the natural fibre composites. This work reports the 

development of a composite material derived from both renewable resource and 

biodegradable material with the emphasis to identify the optimum NaOH treatment 

condition to achieve maximum improvement in the flexural strength of poly-lactic acid 

(PLA) reinforced with rice straw (RS) fibres. The RS fibres were treated with different 

NaOH concentrations (1.25, 2.5, 3.75, 5 and 6.25 mol/L) and the optimum NaOH 

concentration was 5 mol/L of NaOH where the flexural strength of the PLA/RS fibres 

were improved by 185%. Thus, it can be concluded that with the optimum NaOH 

concentration, a strong adhesion between the PLA matrix and the RS fibre which 

resulted in the improvement in the flexural strength. 
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INTRODUCTION 

 

Many scientific research studies on polymer matrices reinforced with natural fibres 

composites have emerged due to its high performance comparable to those of synthetic 

fibres, apart from the low cost and the environmental friendliness associated with 

natural fibres [1, 2]. These natural fibre composites exhibit wide range of mechanical 

properties which depends on their interface strength which dictates the transfer of 

applied stress from the matrix to the fibre. In addition, there is also a lack in interfacial 

bonding between the hydrophilic fibres and the hydrophobic matrix due to their lack of 

compatibility [3]. Interfacial bond between the natural fibre and matrix plays an 

important role in determining the mechanical properties. Natural fibre composites that 

exhibited improved properties are alkali treated composites compared to untreated 

composites [4]. Thus, one of the ways which could improve the interfacial bonding is 

using sodium hydroxide treatment to modify the surface structure of the fibre which 

could potentially improve the interfacial strength of the fibres-matrix [5].  



The optimum sodium hydroxide concentration for high strength pla-rice straw composites 

 

 

3473 
 

The flexural strength of recycled low-density polyethylene reinforced with 

crushed Luffa cylindrica fibres decreased when the NaOH concentrations increased 

from 0 wt% to 4 wt%. However, it began to increase with increasing NaOH 

concentrations from 8 wt% to 10 wt% [6]. Still, the NaOH treatment was not able to 

improve the flexural strength of the composites as the untreated crushed luffa cylindrica 

fibre/rLDPE composites showed a higher flexural strength.  

On the other hand, with NaOH treatment, hemp fibres were able to reinforce the 

hemp/polypropylene (PP) composites. There are slight improvements compared to 

untreated hemp/PP composites when the hemp fibres are treated with 5 wt% and 10 

wt% NaOH concentration [7]. However, there are no indications of optimum NaOH 

concentration where the maximum improvement in the flexural strength could be 

observed. 

The optimum NaOH concentration where maximum improvement in the flexural 

strength could be observed is at 1 wt% for the treatment of bagasse fibres. Compared to 

the untreated fibre composites, its flexural strength was 16% greater. As the NaOH 

concentration increased, the flexural strength starts to decrease due to the damage in the 

fibre inter-laminar bond [8, 9]. Thus, it can be proven that it is crucial to achieve 

optimum NaOH concentration for the reinforcement of the material to attain maximum 

improvement in the flexural properties. The optimum NaOH concentration however, is 

different for different fibres as it reacts differently with NaOH. The flexural properties 

of treated kenaf/epoxy composites were improved by 36% with 6 wt% NaOH 

concentration compared to untreated fibres [10].  

There is a gap in the natural fibre composite research field where there are very 

few researches which focuses on NaOH treatment of RS fibres. Thus, this study will be 

investigating the optimum NaOH concentration for the improvement in the flexural 

strength of poly-lactic acid reinforced with rice straw fibres. 

 

EXPERIMENTAL SET UP 

 

The poly-lactic acid (PLA) powder used in this study was supplied by Shenzhen Esun 

Industrial Co Ltd, China. It is graded PLA AI-1001 powder with a density of 1.25 g/cm
3
 

and a melt index of around 10-12 g/ 10 min (190 °C/ 2.16 kg). The rice straw (RS) 

fibres were obtained from a local farmer from Kampung Asajaya Laut, Kota Samarahan 

Malaysia and only the main culm which is the innermost part of the RS fibres was 

further processed. It was grinded in a milling machine and then sieved in a motorized 

test sieve shaker at around 10-20 minutes to segregate them according to different sizes. 

Only loose RSF that passed through the 1.18 mm diameter sieve (where the length of 

the RS fibres ranges from 0.4 to 0.8 mm) were used in this study. The RSF were cleaned 

and dried for 24 hours in a drying oven with air circulation at a temperature of 80 °C. 

The RS fibres were then chemically treated with sodium hydroxide (NaOH) with 

different concentration and different soaking time to examine the effect on the flexural 

strength of the PLA/RSF composite. Various NaOH concentrations used for this study 

are 1.25, 2.5, 3.75, 5 and 6.25 mol/L of NaOH. The NaOH solutions were prepared by 

dissolving specific quantity of NaOH pellets according to table 1 in 800 ml of distilled 

water. Then, 40 g of RS fibres were soaked in the NaOH solution. After 30 minutes, the 

soaked rice straw fibres were rinsed with water to remove the alkali residues and then 

dried in the convection oven at 100 °C for 5 hours. 
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Table 1. The NaOH concentration (mol/L) with the amount of alkali (g). 

NaOH concentration  

(mol/L) 

Amount of alkali  

(g) 

1.25 40 

2.5 80 

3.75 120 

5 160 

6.25 200 

 

The flexural test specimens were prepared by compression moulding using a 30 

ton hydraulic hot press machine. Firstly, the hot press plates of the machine were heated 

from room temperature to the pressing temperature which is 150 °C. Prior to the 

compression, the mixture of PLA and RS fibres were prepared as 10 vol% of RS fibres 

(weighing around 1 g) was filled in the cavities in a stainless steel mould. The 

specimens were then sandwiched within the hot press plates with no pressure applied to 

heat up the mould for around 5 minutes and then a pressure of 7 MPa was applied onto 

the specimens. After keeping at the temperature and pressure for 16 minutes, the 

specimens were cooled to room temperature and then taken out from the mould. 

 

TESTING AND CHARACTERIZATION 

 

Flexural test was conducted on an UTM107 according to the ASTM D790 standard. 

Each specimen has a dimension of 80 mm × 5 mm × 12.5 mm. Specimens were loaded 

in three-point bending and tested flatwise on a support span to depth ration of 16(±1):1 

with a cross head speed of 1 mm/min. The flexural strength in a three point bending test 

is given by Equation 1. 

 

     
2max

3

bd

PL
           (1) 

 

Where P is the maximum load (N), L is the span (mm), b and d is the width and 

thickness of the specimen. For the scanning electron microscope (SEM) analysis, the 

surface and the cracks from the specimens were observed by using Hitachi TM3030. 

  

RESULTS AND DISCUSSION 

 

Figure 1 shows the flexural strength of PLA/RSF composite when treated with different 

concentration of NaOH. It can be observed that the PLA/RSF which was treated with 5 

mol/L (equivalent to 20 wt%) of NaOH has the highest flexural strength which is 48.06 

N/mm
2
 and it is higher than the flexural strength of untreated RSF by 185%. 
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Figure 1. Flexural strength for the sodium hydroxide treated PLA/RS fibre composites. 

 

The enhancement in the flexural strength of the sodium hydroxide treated fibre 

is due to the improvement in the fibre to matrix interaction [6, 7]. A process called 

retting action is the removal of the waxy layers on the fibre surface with the assistance 

of NaOH solution aided in forming better bonding between the fibres and the matrix 

polymer [6, 10]. This is an important step to obtain better quality composites as 

untreated fibres caused stress concentrations and early fracture of the composite [11]. 

As the flexural properties of natural fibre composites are highly influenced by the fibre 

surface characteristics, NaOH treatment has highly enhanced the interfacial adhesion of 

the fibre with the matrix leading to better flexural properties compared to the untreated 

fibres. 

At a higher NaOH concentration, it is expected that alkali treatment would 

decrease the strength of the composites [12]. However, in this study at 6.25 mol/L 

(equivalent to 25 wt%) of NaOH, it resulted in a decrease in the flexural strength by 

43.9% from the optimum sodium hydroxide concentration which is 20 wt%. This could 

be due to chemical structure change in the cellulose where the cellulose molecular 

chains lose their crystalline structure as a result of NaOH treatment [12]. A higher 

NaOH concentration also damages the fibres inter-laminar bonding [9]. In comparison 

with other literatures, the optimum concentration of sodium hydroxide value for this 

study seems quite high. However, the soaking time for this study is limited to only 30 

minutes whereas the soaking time of fibres in NaOH solution for the literatures ranges 

between 24 to 48 hours. Thus, the RS fibres are not damaged by the concentration 

instead it improves the strength of the PLA/RS fibres composite. 
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Figure 1. The surface of the untreated RS 

fibre (Magnification x800). 

 

Figure 2. The surface of the NaOH treated 

RS fibre (Magnification x800). 

 

 

Figure 3. The untreated RS fibre/PLA 

composite after flexural testing 

(Magnification x80). 

 

 

Figure 4. The NaOH treated RS fibre/PLA 

composite after flexural testing 

(Magnification x80). 

 

To clarify the effect of NaOH treatment on RS fibre, morphological 

examinations were carried out using the scanning electron microscope on the untreated 

and NaOH treated fibres. From the scanning electron microscope (SEM) micrographs, it 

can be seen that the untreated RSF have uneven deposit impurities on its surface (Figure 

2) but the sodium hydroxide treated RSF has cleaner but rougher surface (Figure 3) 

[13]. It can also be observed that there are presence of waxy substances and impurities 

on the untreated fibre surface and these waxy substances contributed to ineffective 

fibre-matrix bonding and poor surface wet out [1, 13, 14]. The NaOH treatment has 

increased the surface roughness by eliminating the waxy substances and distributing the 

hydrogen bonding in the network structure to provide additional sites for mechanical 

interlocking. This in result increases effective surface area available for contact with the 

matrix polymer [7, 8].  

It can be seen from Figure 4 that the surface of the RS fibre is clean as the RS 

fibre could be pulled out as there is an ineffective fibre-matrix bonding. There are also 
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no traces of PLA matrix on the surface of the RS fibre which means that there is poor 

surface wet out. However, in Figure 5, the NaOH treatment causes defibrillation which 

breaks down the composite fibre bundle into smaller fibres which has increased 

effective surface area available for contact with the matrix [1]. It can also be observed 

that there is a breakage in Figure 5 which means the stress was transferred from the 

PLA matrix to the RS fibre and this proves the effectiveness of the NaOH treatment that 

improves the adhesion of the RS fibre and the PLA matrix. 

 

CONCLUSION 

 

The flexural strength of the PLA/RS fibre composites improved when the RS fibres 

were treated with NaOH compared to untreated RS fibres. The maximum improvement 

in the flexural strength of the PLA/RS fibre is at 5mol/L (equivalent to 20 wt%) of 

NaOH where it can be concluded to be the optimum NaOH concentration for the NaOH 

treatment of RS fibres where the flexural strength is 48.06 N/mm
2
.  
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