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ABSTRACT

Excessive use of non-renewable fuel in transportation and industry leads to the twin 
crises of fossil fuel depletion and environmental degradation. As fossil fuels are limited 
and it takes millions of years to be produced, their availability may be prolonged by 
decreasing overall consumption. Following this issue, various renewable sources of 
energy have successfully been tested to replace the dependency on fossil fuel 
consumption. Since Malaysia is the largest exporter of palm oil, biodiesel derived from 
palm fatty acid distillate (PFAD) was produced via catalytic esterification using 
sulfonated tin oxide (HSO3 O2) as a superacid solid catalysts. In this work, the SnO2

catalysts were synthesized by different synthesis methods such as solid-state method, 
sol-gel method and self-propagating combustion method. After that, all the SnO2

catalysts was further integrated with HSO3

commercial SnO2 was also sulfonated and used for comparison. Among all the synthesis 
methods, sulfonated SnO2-SPC exhibited superior physicochemical properties in terms 
of  homogeneous nano-sized particles that covalently anchored greater HSO3

which is important criteria for the esterification of PFAD. All SnO2 based catalysts from 
non-sulfonated and sulfonated groups were preliminarily screened for the esterification 
of PFAD feedstock. Among them, the sulfonated SnO2-SPC catalyst showed 
remarkable esterification activity. The used of the SPC method produced nano-sized 
particles with homogenous size and shape, that anchored many HSO3 in 
greater acid properties that effectively esterified the PFAD feedstock into FAME (fatty 
acid methyl ester). At the optimized condition of 9:1 (methanol:PFAD molar ratio), 4 
wt.% (catalyst loading), 100 °C (reaction temperature) and 3 h (reaction time), the FFA 
conversion and FAME yield were 98.9% and 93.8%, respectively. Besides, the 
sulfonated SnO2-SPC catalyst could be reused up to five consecutive cycles with an 
acceptable esterification performance and minimal sulfur leaching. Additionally, the 
fuel properties of PFAD biodiesel were investigated and compared with both the 
American (ASTM D6751) and European (EN 14214) standards. Overall, the production 
of FAME from low value, cheaper, abundance, and non-edible PFAD feedstock assisted 
with non-transition metal oxide of sulfonated SnO2 catalyst met all the requirement 
standards proposed by ASTM D6751, EN 14214 and diesel. 
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