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of the requirement for the degree of Doctor of Philosophy 

 
 

MECHANICAL AND THERMAL PROPERTIES OF SHORT 

SUGAR PALM (Arenga pinnata MERR.)  FIBRE-REINFORCED 

HIGH IMPACT POLYSTYRENE COMPOSITES 

 

 

By 

DANDI BACHTIAR 

May 2012 

 

Chairman: Professor Ir. Mohd. Sapuan Salit, PhD 

Faculty: Engineering 

 

Sugar palm fibre (SPF) is a promising natural fibre used in reinforcing polymer 

matrix composites. The fibre has good tensile properties and could also be suitable as 

reinforcing agents in composite materials. This research is important because no 

study has been conducted about the using of sugar palm fibre to reinforced high 

impact polystyrene (HIPS) composites previously. New natural composites of sugar 

palm fibre (SPF) reinforced high impact polystyrene (HIPS) matrix have been 

produced by using melt mixing and compression moulding method. Tensile, flexural, 

and impact tests were performed to determine the mechanical properties, while 

dynamic mechanical analysis (DMA) and thermogravimetric analysis (TGA) were 

performed to determine the thermal properties of SPF-HIPS composites by varying 

the sugar palm fibre contents. It was found that the increase in fibre loading on HIPS 

matrix enhanced the tensile and flexural modulus of the composites. However, 

tensile strength decreased with the increase in fibre loading due to poor compatibility 

of interface between fibre and polymer surfaces. The flexural strength also increased. 
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However, all of the values of flexural strength of SPF-HIPS composites were lower 

than the pure HIPS matrix. The addition of short SPF decreased the impact strength 

of these composites. It was found that from the dynamic mechanical analysis (DMA) 

and thermogravimetric analysis (TGA) the SPF-HIPS composites showed better 

thermal stability than pure HIPS matrix. The moisture content of the SPF-HIPS 

composites increase and this behavior contribute to weakness in strength.  

 

The major barrier in utilising natural fibres in reinforcing polymer composites is 

compatibility issue. It is because the weak interfacial bonding between hydrophilic fibres 

and hydrophobic polymers. The alkali treatment and compatibilizing agent were 

performed to the SPF-HIPS composites at the fibre content of 40%. The alkali 

treatment was performed by immersing fibres in 4% and 6% alkali solution, and the 

incorporation of 2% and 3% polystyrene-block-poly(ethylene-ran-butylene)-block-

poly(styrene-graft-maleic-anhydride) were used as compatibilizing agent. Both alkali 

treatment and compatibilizing agent treatment increased the tensile strength of 

composites, while the alkali treatment at the 4% level showed the highest tensile 

strength, improvement of about 35% from untreated composites. Therefore, alkali 

treatment with 6% NaOH solution could improve the flexural strength, flexural 

modulus and impact strength of the composites from the untreated composites by 

12%, 19% and 34% respectively. Compatibilizing agent showed the improvement on 

the impact strength, i.e 6% and 16% improvement for 2% and 3% MAH 

respectively, meanwhile, no enhancement of the composites properties when 

subjected to flexural properties testing. Finally, modification of the SPF-HIPS 

composites, using the compatibilizing agent and the fibres treated with alkali has 

brought a slight improvement to the peak temperature of decomposition of 

composites. It can be stated that the the modification of composites with alkaline 
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treatment and compatibilizing agent on the high impact polystyrene composites 

resulted in higher thermal stability of the composites than the high impact 

polystyrene polymer alone. 
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Fakulti: Kejuruteraan 

 

Gentian ijuk adalah gentian semulajadi yang boleh digunakan dalam 

memperkukuhkan matriks polimer komposit. Gentian ini mempunyai sifat tegangan 

yang baik dan juga mungkin sesuai sebagai ejen untuk mengukuhkan dalam bahan 

komposit.  Kajian ini penting kerana tidak ada lagi kajian tentang penggunaan 

gentian ijuk yang dicampur dengan komposit polistirena impak tinggi. Komposit 

baharu semulajadi polistirena impak tinggi diperkuat gentian pendek ijuk telah 

dihasilkan dengan menggunakan kaedah pencampuran leleh dan pengacuan 

mampatan. Ujian tegangan, lenturan, dan impak yang telah dijalankan untuk 

menentukan sifat-sifat mekanik, manakala analisis dinamik mekanikal (DMA) dan 

analisis termogravimetri (TGA) telah dijalankan untuk menentukan sifat haba 

komposit dengan variasi kandungan gentian ijuk. Ia didapati bahawa peningkatan 

dalam kandungan gentian pada matriks HIPS mempertingkatkan modulus tegangan 

dan lenturan bagi komposit. Walau bagaimanapun, kekuatan tegangan menurun 

dengan peningkatan dalam kandungan gentian disebabkan keserasian lemah antara 

muka antara permukaan gentian dan polimer. Kekuatan lenturan juga 
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meningkat. Walau bagaimanapun, semua nilai kekuatan lenturan komposit adalah 

lebih rendah daripada matriks polistirena tulen. Penambahan gentian ijuk pendek 

mengurangkan kekuatan impak komposit. Didapati bahawa daripada analisis dinamik 

mekanikal (DMA) dan analisis termogravimetri (TGA) komposit menunjukkan 

kestabilan terma yang lebih baik daripada matriks tulen. Kandungan kelembapan 

komposit juga meningkat, dan tingkah laku ini menyumbang kepada kekuatan yang 

berkurangan.  

 

Halangan utama dalam penggunaan gentian semulajadi dalam polimer adalah isu 

keserasian. Ini kerana ikatan yang lemah pada antarmuka gentian yang bersifat 

hodrofilik dengan polimer yang bersifat hidrofobik. Rawatan alkali dan ejen 

penyepadu telah dijalankan kepada komposit pada kandungan gentian sebanyak 

40%. Rawatan alkali telah dilakukan oleh gentian dengan cara merendamkannya 

dalam 4% dan 6% larutan alkali; Manakala 2% dan 3% polystyrene-block-

poly(ethylene-ran-butylene)-block-poly(styrene-graft-maleic-anhydride telah diguna-

kan sebagai ejen penyepadu. Kedua-dua rawatan alkali dan rawatan ejen 

compatibilizing meningkatkan kekuatan tegangan komposit, manakala rawatan alkali 

di peringkat 4% menunjukkan tegangan yang tertinggi, peningkatan kira-kira 35% 

daripada komposit yang tidak dirawat. Oleh itu, rawatan alkali dengan larutan NaOH 

6% boleh meningkatkan kekuatan lenturan, modulus lenturan dan kekuatan impak 

komposit daripada komposit tidak dirawat sebagai jumlah masing-masing 12%, 19% 

dan 34%. Ejen compatibilizing menunjukkan peningkatan pada kekuatan impak, iaitu 

6% dan peningkatan 16% bagi masing-masing 2% dan MAH 3%, sementara itu, 

tiada peningkatan sifat komposit tertakluk kepada sifat-sifat ujian lenturan. Akhirnya, 

pengubahsuaian komposit, menggunakan ejen compatibilizing dan rawatan alkali 
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telah membawa sedikit peningkatan kepada suhu puncak penguraian komposit. Ia 

boleh dinyatakan bahawa pengubahsuaian komposit dengan rawatan alkali dan ejen 

penyepadu pada komposit polistirena tinggi kesan menyebabkan kestabilan terma 

yang lebih tinggi bagi komposit daripada polimer polistirena berimpak tinggi sahaja. 
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1 

 

CHAPTER 1 

 

INTRODUCTION 

 

 

 

1.1 Background 

 

 

Polymer composite materials mostly nowadays use well-established fibres such as 

glass, carbon and aramid as the reinforcement. The use of polymer composites has 

grown at a phenomenal rate since the 1960s, and these materials now have an 

impressive and diverse range of applications in aircraft, spacecraft, boats, ships, 

automobiles, civil infrastructure, sporting goods and consumer products.  The use of 

composites will continue to grow in future with emerging applications in large bridge 

structures, offshore platforms, engine machinery, computer hardware and biomedical 

devices.  The greatest increases are occurring in the transport and construction 

markets, although the use of composites is also substantial in the corrosion protection 

(eg. piping), marine, and electrical/electronic markets (Mouritz and Gibson, 2006).  

 

The use of composites in a broad of applications is due to their many excellent 

physical, thermal, chemical and mechanical properties. Key advantages of 

composites over many metal alloys include low density, high specific stiffness and 

specific strength, good fatigue endurance, excellent corrosion resistance, outstanding 

thermal insulation and low thermal expansion.  However, there are several 

disadvantages with composites in particular to challenge the environmental issues.  

These inorganic fibres present disadvantages like their non-biodegradability, 

expensive, abrasive and non-renewable. 
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Growing environmental awareness has resulted in a renewed interest in the use of 

natural material for many applications. This paradigm has forced industries like 

automotive, packaging and construction to search for new materials to make the 

conventional composite materials an environmentally friendly material. Natural fibre 

reinforced polymer composite materials have a number of benefits, including low 

density and bio-degradability, less abrasiveness, lower cost and renewable compare 

to inorganic fibres reinforced polymer composites. The substitution of the inorganic 

substances and synthetic fibres generally used as reinforcing fillers in plastics by 

natural fibres would be highly beneficial from the point of view of environmental 

protection, whereas inorganic materials such as glass fibre, carbon fibre, talc, clay 

and synthetic fibres do not have these benefits (Yang et al., 2007). 

 

Many types of natural fibres have been employed in reinforcing the polymeric 

composites, such as kenaf, hemp, jute, flax, pineapple leaf, sisal and many more. 

Sugar palm or Arenga pinnata fibre is a promising source of natural fibre from sugar 

palm plant, a member of Palmae family. Traditionally application of this fibre cover 

wide range field such as rope, broom, paintbrush, filter, doormat, chair/sofa cushion 

and for roof because of its strength and durability (Suwartapradja, 2003). 

Geographical distribution of sugar palm covers the Indo-Malay archipelago and 

spread in all of tropical Southeast Asia countries, from Myanmar to the Philipines 

(Mogea et al., 1991). Moreover, this plant can also produce the bioethanol. Sugar 

palm plant has a highest production capability of the alcohol compared with other 

sources such as sweet sorghum, sugarcane, and cassava. This plant will become a 

promising source of biofuel in the future (de Boer, 2010; Widodo et al., 2009). Once 
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the plantation of sugar palms is growing, there will be high availability of sugar palm 

fibres as the by-product. 

 

Some investigations about reinforcement the thermoset material by sugar palm fibre 

have been studied (Sastra et al., 2005; Sastra et al., 2006; Suriani et al., 2006; 

Bachtiar et al., 2008; Bachtiar et al., 2009; Leman et al, 2008a; Ali et al., 2010). 

However, the characterization of the role of sugar palm fibres in the reinforcing of 

thermoplastic composites has not been studied yet.  

 

One of the widely used thermoplastics is high impact polystyrene (HIPS). A study of 

residues from electrical and electronic equipment found that resin of high impact 

polystyrene (HIPS) accounts for 56% or more than half of all other plastic resin that 

were used (Fisher, et al., 2003). Major applications of HIPS include packaging, 

containers, appliance parts, house-wares and interior parts in household electronics. 

HIPS is a low cost plastic material, ease to machine and fabricate. HIPS usually 

specified for applications in particular for low strength structural with impact 

resistance, machinability and low cost are required. 

 

1.2 Significance of Study 

 

Mixing HIPS material with sugar palm fibres to form sugar palm fibre/HIPS composites 

is a promising alternative in optimization of good behaviors from both materials, fibres 

and matrix. Low cost, abundance and good mechanical properties of the sugar palm will 

contribute to the performance of composites with HIPS matrix. Characterization of sugar 

palm fibre reinforced HIPS composites also offer the new alternative in study on 

behavior of thermoplastic composites due to the limitation understanding about this 
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composites previously. Extensive investigation on the behavior of sugar palm fibre 

reinforced high impact polystyrene composites is important in adding the highly 

contribution on natural composites researches fields. 

 

1.3 Problem Statement 

 

Usually, the major barrier in utilising natural fibres in reinforcing polymer composites is 

compatibility issue. It is because the weak interfacial bonding between hydrophilic fibres 

and hydrophobic polymers. The presence of hydroxyl and other polar groups on the 

surface and throughout natural fibre, moisture absorption can be high. It leads to poor 

wettability by the polymers. These problems were also faced by sugar palm fibres and 

HIPS matrix when the composites are developed. Some treatments have to conducted to 

break these drawbacks, such physical and chemical treatment sucjected to the fibres and 

matrix. Alkali treatment is usually used in fibre treatment and compatibilizing agent is 

used as chemical agent to upgrade the capability of matrix polymers when interact with 

natural fibres. 

 

 

1.4 Objective of the Study 

 

The objectives of this study are as follows: 

1. To investigate the effect of fibre loading on the mechanical and thermal properties of 

sugar palm fibre reinforced high impact polystyrene composites.  

2. To determine the influence of alkali treatment and compatibilizing agents on the 

mechanical and thermal properties of sugar palm fibre reinforced high impact 

polystyrene composites.  
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3. To determine the influence of alkali treatment and compatibilizing agents on the 

moisture absorption behaviour of sugar palm fibre reinforced high impact polystyrene 

composites.  

 

1.5 Scope and Limitation of the Study 

 

The scope of present research is to study the potential of using a by- product of 

agriculture as a reinforcing of thermoplastic polymer. The fibre used in this study was 

sugar palm fibre obtained from tropical forest plant. High impact polystyrene (HIPS) 

resin was used to prepare composite in different amounts of sugar palm fibre (10%, 20%, 

30% , 40% and 50% by weight) by internal mixer and compression moulding technique. 

These specimens were tested for their mechanical and thermal properties, by means of 

tensile, flexural, impact, dynamic mechanical analysis (DMA) and thermogravimetric 

analysis (TGA). Alkali treatment and compatibilizing agent (maleic anhydride) are used 

as chemical treatments to enhance the mechanical and thermal properties of the 

composites. 
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