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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
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FILLED-UNSATURATED POLYESTER COMPOSITES 
 

By 

 

MOHD SHUKRI BIN IBRAHIM 

 

January 2012 

 

Chairman : Mohd Sapuan Salit, PhD, P.Eng. 

 

Faculty : Institute of Advanced Technology 

 

The main advantages of the oil palm ash are its availability at abundance, no cost 

material, high aspect ratio and good performance in high thermal condition. This 

research investigates the physical characteristics of oil palm ash filler and the effects of 

filler contents on mechanical and thermal properties of oil palm ash filled unsaturated 

polyester composite (UP/OPA). The composite specimens made of different filler 

contents of 0, 10, 20 and 30% of oil palm ash were prepared. All of these composites 

were fabricated using a conventional hand lay up technique. The mechanical tests such 

as tensile and flexural were carried out in according with American Society of Testing 

Material D 5083 and American Society of Testing Material D 790 standards 

respectively. Scanning electron microscope was used to study the surface morphology of 

UP/OPA composites of the fractured surface for tensile and flexural tests. The results of 

the experiments showed that the increasing of filler contents i.e. 0, 10, 20 and 30% of oil 

palm ash had significant effects on reduction of tensile strength (26.8MPa, 21MPa, 

17MPa and 13MPa); flexural strength (88.48MPa, 78.17MPa, 71.70MPa and 62.5MPa) 

and elongation at break (5.55%, 3.11%, 2.52% and 2.36%); and increase of tensile 
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modulus (3.75MPa, 3.9MPa, 4.35MPa and 4.99MPa) and flexural modulus (200MPa, 

214MPa, 222MPa and 233MPa) of the UP/OPA composites respectively. Investigation 

on thermal properties of UP/OPA composite involved thermogravimetric analysis 

(TGA) and differential scanning calorimeter (DSC) in order to investigate temperatures 

at maximum mass loss and to determine glass transition temperature (Tg) of the UP/OPA 

composites. The results have shown that increasing of filler contents i.e. 0, 10, 20 and 

30% of oil palm ash for UP/OPA composites had improved their thermal stability 

because their initial decomposition of temperatures at 5% mass loss were increased 

293.55, 356.64, 375.59 and 401.72°C respectively, temperatures at maximum mass loss 

were also increased 436.64, 460.90, 468.01 and 476.23°C respectively and glass 

transition temperatures slightly increased from 185.4 to 191°C with the additions of 

fillers for up to 30%. 
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Januari 2012 

 

Pengerusi : Mohd Sapuan Salit, PhD, P.Eng. 

 

Fakulti  : Institut Teknologi Maju 

 

Antara manafaat yang utama serbuk abu kelapa sawit adalah mudah diperoleh secara 

pukal, tanpa kos, nisbah aspek yang tinggi dan berfungsi dengan baik pada keadaan 

termal yang tinggi. 

Penyelidikan ini bertujuan untuk mengkaji ciri-ciri fizikal serbuk abu kelapa sawit dan 

kesan-kesan kandungan pengisi ke atas sifat-sifat mekanikal dan termal bagi bahan 

komposit poliester tak tepu diiisi serbuk abu kelapa sawit (UP/OPA). Bahan ujikaji 

komposit yang disediakan menggunakan pengisi serbuk abu kelapa sawit pada peratusan 

kandungan berat yang berlainan iaitu 0, 10, 20 dan 30%. Semua bahan ujikaji disediakan 

menggunakan kaedah konvensional lapisan tangan. Ujian-ujian mekanikal seperti 

regangan dan lenturan dilakukan berpandukan kepada piawaian ASTM D 5083 dan 

ASTM D 790 mengikut turutan. Ujian pegesanan mikroskop adalah untuk mengkaji 

morfologi permukaan bahan komposit ujikaji yang telah melalui ujian regangan dan 

lenturan. Keputusan kajian menunjukkan peningkatan kandungan pengisi OPA iaitu 0%, 

10%, 20% dan 30% memberikan kesan yang signifikan terhadap penurunan kekuatan 

tegangan (26.8MPa, 21MPa, 17MPa dan 13MPa), kekuatan lenturan (88.48MPa, 
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78.17MPa, 71.70MPa dan 62.5MPa) dan pemanjangan pada takat putus (5.55%, 3.11%, 

2.52% dan 2.36%), serta meningkatkan modulus tegangan (3.75MPa, 3.9MPa, 4.35MPa 

dan 4.99MPa) dan modulus lenturan komposit (200MPa, 214MPa, 222MPa and 

233MPa) komposit UP/OPA mengikut turutan. Penelitian ke atas sifat-sifat termal 

bahan komposit UP/OPA adalah berkaitan analisis termogravimetri dan pengesanan 

perbezaan kalorimetri dalam menentukan suhu maksimum kehilangan berat termal dan 

juga untuk menentukan suhu peralihan kaca bahan komposit UP/OPA. Keputusan ujian 

menunjukkan bahawa peningkatan kandungan pengisi iaitu 0%, 10%, 20% and 30% 

bagi komposit UP/OPA telah meningkatkan kestabilan termal kerana suhu permulaan 

kehilangan berat 5% telah meningkat 293.55, 356.64, 375.59 dan 401.72°C mengikut 

turutan, suhu kehilangan berat maksimum juga meningkat 436.64, 460.90, 468.01 dan 

476.23°C mengikut turutan dan suhu peralihan kaca meningkat sedikit daripada 185.4 

hingga 191°C setiap penambahan pengisi hingga 30%. 
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