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Abstract
Silica-based heterogeneous catalyst derived from rice husk ash (RHA) was used for the transformation of palm fatty acid 
distillate (PFAD) into biodiesel. The production of the biodiesel from PFAD was conducted via esterification and transes-
terification employing Huskcatacid and Huskcatbase, respectively. The biodiesel was analyzed from different parameters, 
i.e., amount of catalyst, oil to methanol ratio, temperature, and reaction times. The outcomes depicted Huskcatacid was 
efficient for PFAD esterification to produce 91.6% ester with 5 wt% catalysts and 5:1 (MeOH:PFAD), followed by the trans-
esterification using 1 wt% Huskcatbase in 3:1 (MeOH:oil) to generate 99.73% biodiesel with a high percentage of methyl 
oleate (57.86%) and methyl palmitate (34.43%). Huskcatacid and Huskcatbase depicted a high surface area (7.362  m2/g and 
14.493  m2/g) and high porosity (2.726 ×  10−3  cm3/g and 4.985 ×  10−3  cm3/g), respectively, that contributed to the efficient 
esterification and the easy separation of glycerol. The PFAD-derived biodiesel was tested on the Megatech®-Mark III engine 
and confirmed the proportional torque (ɽ) increment with the loading of B100 biodiesel. Rice husk showed promising out-
comes as solid-support heterogeneous catalysts and the production of value-added products to reduce the agricultural waste 
management issues.
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Introduction

Catalyst plays a vital role in the transesterification reaction 
of free fatty acids (FFA) to form biodiesel. The synthesis 
of an ideal catalyst for biodiesel production has gained the 
attention of researchers in the recent decade. Sulfuric acid 
 (H2SO4) and hydrochloric acid (HCl) are common acid 
catalysts used to speed up the transesterification process for 
the formation of biodiesel with higher yield [1–4]. Major 
issues of acid catalysts are the corrosive effect on the reac-
tor and the high amount of alcohol required, which incur 
high production costs [5]. Homogeneous base catalyst such 
as sodium hydroxide (NaOH) and potassium hydroxide 
(KOH) exhibited faster and noncorrosive reactions during 

the production of biodiesel. However, homogeneous base 
catalyst suffers disadvantage due to saponification effect 
which reduces the yield of biodiesel [5, 6]. Heterogeneous 
catalysts like tungstate [7], angel wing shell [8], silica nano-
particles [9], and titanium dioxide [10] were then explored 
as alternatives available to homogenous biodiesel catalysts. 
However, the drawbacks of these catalysts are costly materi-
als, multistep synthesis, difficult processing, and low cata-
lytic activity [11].

Heterogeneous base catalysts such as calcium oxide and 
silica have been reported to produce a higher yield of bio-
diesel compared to homogeneous base catalysts [5]. Nev-
ertheless, the catalysts have difficulty diffusing into the 
product mixture to form oil, alcohol, and catalyst [12]. This 
limitation has led to the introduction of catalyst support for 
heterogeneous base catalysts to increase the reaction with 
triacylglycerol [13]. The catalyst support is a solid car-
rier impregnated with an active species [14]. For instance, 
NaOH/Al2O3, NaOH/SiO2, and ZS/Si have been used as 
catalyst supports in the production of biodiesel [15–17].

The use of biomass-based catalysts from agricultural 
waste in biodiesel production has reduced the overall cost 
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