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ABSTRAK 

Penghasilan etena daripada dehidrasi etanol menawarkan suatu proses alternatif untuk 

mengurangkan kebergantungan proses semasa kepada bahan bakar minyak bumi yang 

terhad sumbernya. Kajian dalam bidang dehidrasi etanol sebelum ini lebih menjurus 

kepada masalah pembentukan karbon di dalam pemangkin. Untuk mengurangkan 

pembentukan karbon dan bagi mengkaji penggunaan pemangkin baru untuk dehidrasi 

etanol, serium oksida dan juga serium oksida yang telah diubah dengan H3PO4 telah 

diuji sebagai pemangkin dehidrasi berasaskan sifat kealkaliannya serta sifat anti-

karbon. Penghasilan pemangkin yang berasaskan CeO2 dan juga CeO2 diubah dengan 

H3PO4 adalah melalui kaedah pengisitepuan dengan formula 10, 20 dan 30 peratus berat 

H3PO4. Tujuan penyelidikan ini adalah untuk mengkaji pengaruh muatan H3PO4, suhu 

tindakbalas kimia dan tekanan separa etanol dalam dehidrasi etanol didalam kehadiran 

cerium oksida dan cerium oksida yang diubah dengan H3PO4. Beberapa analisa seperti 

BET, XRD, XPS, TGA, SEM dan EDX telah dijalankan untuk mengetahui sifat fizikal 

dan sifat kimia pemangkin. Tindakbalas dehidrasi etanol dengan pemangkin yang telah 

disediakan dilakukan di dalam reaktor pada julat suhu 673 – 773 K dan tekanan separa 

etanol daripada 16–67 kPa. Analisis XRD menunjukkan pencirian pemangkin mengecil 

di atas pengaruhi muatan H3PO4. Kajian BET mendapati luas permukaan pemangkin 

dan isipadu keseluruhan liang berkurangan dengan muatan H3PO4. Hampir 90% 

pengurangan dikesan untuk 30PA-CeO2. Di samping itu, analisis NH3-TPD 

menunjukkan bahawa 30PA-CeO2 mempunyai jumlah asid tertinggi, dimana 

majoritinya ialah asid jenis sederhana kuat. Kajian kinetik menunjukkan bahawa CeO2 

tulen menawarkan hasil pemangkinan yang paling rendah, manakala pemangkin H3PO4-

cerium oksida menawarkan hasil uji pemangkinan yang tinggi (12-65.8% penukaran) 

dan penghasilan etena yang tinggi (37-99%). Secara keseluruhan, kedudukan dari segi 

hasil uji katalitik adalah: 30PA-CeO2 > 20PA-CeO2 > 10PA-CeO2 > CeO2. Penukaran 

etanol dan penghasilan etena yang tertinggi adalah sejumlah 65.8% dan 99% untuk 

pemangkin 30PA-CeO2. Modifikasi H3PO4 terhadap pemangkin CeO2 berjaya 

meningkatkan aktiviti pemangkin CeO2 terhadap dehidrasi etanol. 
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ABSTRACT 

Ethylene production from ethanol dehydration offers an alternative synthesis route to 

the current synthesis route that is heavily dependent on the finite fossil fuel. Previous 

research works on ethanol catalytic dehydration focused the issue of catalyst coke 

formation. To minimize carbon deposition and to search for new ethanol dehydration 

catalyst, cerium oxide and H3PO4 were employed as dehydration catalysts owing to its 

coke-resistance as well as acidity properties. The objectives of this study are to 

investigate the effects of H3PO4 loading, reaction temperature and partial pressure on 

the catalytic performance on ethanol dehydration over cerium oxide and phosphorus-

modified cerium oxide catalysts. New catalysts were employed for this reaction. For the 

modified catalysts, the wet impregnation technique was employed to prepare 

phosphorus modified cerium oxides with 10, 20 and 30 wt% of H3PO4 loadings. 

Subsequently, physicochemical properties were obtained through BET, XRD, XPS, 

TGA, SEM dan EDX analysis. The ethanol catalytic dehydration over the as-

synthesized catalysts were carried out in a fixed-bed reactor at temperatures that ranged 

673 to 773 K and 16 to 67 kPa of ethanol partial pressure. The XRD profiles showed 

that as the phosphorus loading was increased, the crystallinity has reduced. Both the 

BET specific surface area and mesopore volume decreased with H3PO4 loading, to the 

tune of nearly 90% reduction for the 30wt%H3PO4 loading. Significantly, the acid 

strength from the NH3-TPD analysis showed that 30PA-CeO2 has the highest amount of 

acid site which were of predominantly moderate-strength. Activity evaluation showed 

that the pure CeO2 offered little activity, while the H3PO4-modified ceria catalysts 

offered high ethanol catalytic dehydration activity (12-65.8% conversion) and high 

selectivity to ethylene (37-99%). Overall, the ranking in terms of activity was: 30PA-

CeO2 > 20PA-CeO2 > 10PA-CeO2 > CeO2. The highest ethanol conversion and 

ethylene selectivity achieved were 65.8% and 99%, respectively, over the 30PA-CeO2 

catalysts. The introduction of H3PO4 onto CeO2 catalyst helps in improving the catalytic 

performance of CeO2 for ethylene production from ethanol dehydration. In addition 

there was no carbon found in the spent catalysts which showed that the phosphorus 

modified cerium oxide catalysts have high coke resistance. 
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