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Palm biodiesel (methyl ester) was successfully synthesized from refined bleached 

deodorized palm oil (RBDPO) by transesterification reaction. The alkali catalyst was 

selected for this reaction, and the effects of operating variables such as molar ratio, 

reaction temperature, reaction time, and quantity of catalyst were investigated. The 

reaction was carried out under atmospheric pressure. The reaction temperatures were 

varied among 55, 60, 65 and 70°C, while the reaction times were between 50, 60, 70, 

80 and 90 min respectively.  The effects of two alkali catalysts namely sodium 

methoxide (NaOCH3) and sodium hydroxide (NaOH) at catalyst amounts of 1.0% 

w/w and molar ratios of methanol to RBDPO at 3:1, 4:1, 5:1, and 6:1 were 

investigated on reaction yield.  The optimum conditions for NaOCH3 catalyst are as 

follows: reaction temperature is 65°C, reaction time is 60 minutes, molar ratio is 6:1, 

and catalyst amount, 1.0% w/w. The reaction conversion was almost 99%. While 

using NaOH catalyst, the conversion was 94%. The low pour point palm biodiesel 

was produced through winterization and vacuum distillation process. The vacuum 



distillation operated under pressure and temperature were between 5.2-6.0 mbar and 

156-158°C. Basically, the lower the content of saturated components in a biodiesel, a 

better pour point biodiesel would be produced. However, in this experiment, the 

lowest of saturated component achievable was 16% w/w, and the lowest pour point 

attainable for palm biodiesel was at 3°C. Besides that, the kinetics study on 

transesterification of RBDPO with methanol established that the reaction occurred via 

two stepwise and irreversible elementary reactions. The rate constants for the 

formation of intermediate diglycerides and the final product palm oil methyl esters 

were determined at various temperatures. The conversion of triglycerides (TG) and 

diglycerides (DG) appeared to be following the second order reaction. The values of 

kTG were between 0.005 – 0.013 and the values of kDG were between 0.019 – 0.027. 

The activation energies for stepwise reaction in transesterification of palm based oils 

with methanol ranged from 6.87 to 11.45 kcal/mol.  

 

 

 

 

 

 

 

 

 

 

 

 



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk ijazah Master Sains 

 

 

 

SINTESIS BIODIESEL KELAPA SAWIT MENGGUNAKAN APLIKASI 

LANGSUNG NATRIUM METOKSIDA TULIN SEBAGAI PEMANGKIN  

 

 

  

Oleh 

 

AZHARI 

 

September  2006 

 

 

 

 

Pengerusi : Profesor Madya Robiah Yunus, PhD 

 

Fakulti : Kejuruteraan 
 

 

 

 

Sintesis bahan bakar diesel (biodiesel) kelapa sawit telah berjaya dijalankan melalui 

tindakbalas transesterifikasi kimia minyak kelapa sawit yang telah ditapis, diluntur 

dan dienyahbau (RBDPO)  Pemangkin alkali dipilih pada tindakbalas ini, dan kesan 

pembolehubah kendali iaitu: nisbah mol, suhu tindakbalas, masa tindakbalas, dan 

kuantiti pemangkin dikaji. Tindakbalas dijalankan dibawah tekanan atmosfera. Suhu 

tindakbalas diubah antara 55, 60, 65 dan 70°C, sedangkan masa tindakbalas antara 50, 

60, 70, 80 dan 90 minit. Kesan dua pemangkin alkali iaitu natrium metoksida 

(NaOCH3) dan natrium hidroksida (NaOH) pada kuantiti pemangkin 1% w/w dan 

nisbah mol metanol kepada minyak RBDPO pada 3:1, 4:1, 5:1, dan 6:1 dikaji 

terhadap hasil tindakbalas. Keadaan optimum dengan menggunakan pemangkin 

NaOCH3 adalah seperti berikut:  suhu tindakbalas  65°C, masa tindakbalas 60 minit, 

nisbah mol  6:1, dan  kuantiti pemangkin yang digunakan adalah 1% w/w. Penukaran 



tindakbalas juga hampir 99%. Sedangkan dengan menggunakan pemangkin NaOH 

tindakbalas adalah 94%. Takat tuang yang rendah diperolehi melalui kaedah 

“winterisasi” dan kaedah penyulingan vakum. Penyulingan vakum beroperasi pada 

tekanan 5.2-6.0 mbar dan suhu 156-158°C. Pada asasnya, semakin rendah kandungan 

komponen tepu di dalam biodiesel, semakin baik takat tuang biodiesel yang 

diperolehi. Walaubagaimanapun, pada  ujikaji ini  kandungan tepu terendah yang 

dihasilkan adalah 16% w/w, dan nilai takat tuang terendah  yang diperolehi  adalah 

3°C. Disamping itu juga, kajian kinetik keatas transesterifikasi minyak RBDPO 

dengan metanol menunjukkan tindakbalas berlaku secara turutan dan melibatkan dua 

tindakbalas asas tak berbalik. Kadar pemalar untuk pembentukan digliserida 

perantaraan dan produk akhir metil ester minyak kelapa sawit (bioidesel) dikaji pada 

beberapa suhu. Penukaran trigliserida (TG) dan  digliserida (DG) didapati berada pada 

kadar kedua pada keseluruhan masa tindakbalas. Nilai-nilai kTG berada pada julat 

0.005–0.013 dan kDG adalah diantara 0.014–0.027. Tenaga keaktivifan bagi 

tindakbalas sintesis transesterifikasi tersebut berada diantara 6.87–11.45 kcal/mol.  
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