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ABSTRAK 

SBE adalah bahan buangan dari loji penapisan minyak sawit dan kebiasannya di buang 

ke tapak pelupusan sampah. Etanol adalah bahan api alternatif dan mesti kering 

sebelum boleh digunakan dalam enjin petrol. Dalam kajian ini, penjerap air untuk 

penulinan campuran azeotrop etanol-air dihasilkan dari SBE mengunakan kaedah 

pelakuran terubahsuai. Pencirian penjerap air yang terhasil dilakukan menggunakan 

teknik XRD, FESEM-EDX, ICP-MS dan penganalisa luas permukaan dan keporosan 

bahan. Enam pembolehubah atau faktor (i.e. penambahan alumina, masa penuaan, suhu 

penuaan, penambahan KOH, penambahan air dan suhu pelakuran) mempengaruhi 

penjerapan air dikaji menggunakan teknik OVAT dan teknik faktor penuh berbilang 

aras DOE yang lebih berstruktur. Akhirnya, kedua-dua penjerap air yang dihasilkan dari 

SBE dan komersial di gunakan untuk penulinan campuran azeotrop ethanol air 

menggunakan radas penjerapan skala meja. Analisa XRD menunjukkan penjerap air 

yang dihasilkan dari SBE bukan dari jenis zeolit A. Walaubagaimanapun imej SEM, 

menunjukkan bahawa penjerap air tersebut terdiri dari beberapa fasa seperti zeolit A, X, 

MFI dan fasa amorfos. Tiada hubungkait diperhatikan dari keputusan analisa luas 

permukaan dan keporosan terhadap penjerapan air bahan penjerap tersebut. 

Menggunakan teknik OVAT, di dapati bahawa penambahan alumina terbaik adalah 

pada 80 g/g bahan, masa penuaan 5 hari, suhu penuaan 80
o
C, penambahan KOH adalah 

71% berat bahan, suhu pelakuran 550
o
C dan penambahan air pada 65% berat bahan 

terlakur. Analisa varian teknik DOE menunjukkan kesan utama penambahan alumina, 

penambahan air, suhu pelakuran dan masa penuaan adalah signifikan. Kesan dua hala 

suhu pelakuran-suhu penuaan dan suhu pelakuran-suhu penuaan juga di dapati 

signifikan. Kombinasi pembolehubah terbaik adalah pada suhu pelakuran 550
o
C, suhu 

penuaan 80
o
C, masa penuaan 3 hari, penambahan air 65% wt, penambahan KOH 56% 

berat bahan dan penambahan alumina 80 g/g bahan. Jangkaan air yang diserap adalah 

0.0343 g air/g penjerap. Model Yoon dan Nelson di dapati sesuai digunakan untuk data 

eksperimen lengkung dehidrasi kedua-dua bahan penjerap, untuk penganggaran masa 

terobos. Dianggarkan bahan penjerap dari SBE mempunyai keupayaan lebih kurang 

66%  keupayaan penjerap komersil dari segi masa terobos. Kajian ini menunjukkan 

penjerap berkos murah boleh dihasilkan dari SBE menggunakan kaedah pelakuran 

terubah suai dan berupaya untuk mengeringkan campuran etanol-air dengan ketulinan 

lebih 99% berat ethanol untuk digunakan sebagai bahan api bio di dalam enjin petrol. 
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ABSTRACT 

SBE is a waste from palm oil refinery it is normally dumped into landfill. Ethanol is an 

alternative fuel and it must be anhydrous to be used in petrol driven engine. In this 

study, water adsorbent to dehydrate the azeotrope mixture of ethanol-water was 

synthesised from SBE using modified fusion method. The synthesised water adsorbent 

was characterized using XRD, FESEM-EDX, ICP-MS and  surface area and porosity 

analyser. Six variables or factors  (i.e. added alumina, aging time, aging temperature, 

added KOH, added water and fusion temperature) affecting the water-uptake were 

studied using OVAT technique followed by structured full multilevel factorial DOE 

method. Lastly, the synthesised and commercial water adsorbent was used to dehydrate 

azeotrope mixture of ethanol-water in bench top adsorption apparatus to produce 

dehydrated ethanol. XRD analysis showed that the water adsorbent was not the type of 

zeolite A. However from SEM images, it was believed that the water adsorbent consist 

of several types of phases such as zeolite A, X, MFI plus amorphous phase. No 

relationship was found between results from surface area and porosity experiments to 

the water-uptake capacity of the water adsorbent. Using OVAT technique, the best 

added alumina was found to be 80 g/100 g material, aging time of 5 days, aging 

temperature of 80
o
C, added KOH of 71% of material mass, fusion temperature was 

550
o
C and the best added water was 65% of the weight of ground fused material. 

Analysis of variant of the DOE technique showed that the main effects of added 

alumina, added water, fusion temperature and aging time were significant. There were 

two way interaction effects between fusion temperature and aging temperature, and 

between fusion temperature and aging time. The best variables combinations were at 

fusion temperature of 550
o
C, 80

o
C aging temperature, 3 days of aging time, added 

water 65% wt, added KOH 56% of material mass and added alumina 80 g alumina/g 

material, with the expected water-uptake of 0.0343 g H2O/g adsorbent. Yoon and 

Nelson model can be used to model the experimental dehydration curve for prediction 

of breakthrough time. The performance of synthesised water adsorbent was 

approximately 66% of the commercial water adsorbent in terms of breakthrough time. 

This study showed that low cost water adsorbent can be produced from spent bleaching 

earth using modified fusion method and was able to dehydrate ethanol-water mixture 

more than 99% weight ethanol to be used as bio-fuel in petrol driven engine. 
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