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h i g h l i g h t s

" Novel heterogeneous palm oil mill boiler ash-based catalysts were developed.
" The optimum catalyst is 15 wt% calcined CaCO3 at 800 �C loaded onto fly ash.
" Fly ash exhibited fine morphology size (<5 lm) and high surface area (1.719 m2/g).
" Maximum crude palm oil conversion of 94.48% is achieved using the novel catalyst.
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a b s t r a c t

Novel heterogeneous catalysts from calcium oxide (CaO)/calcined calcium carbonate (CaCO3) loaded onto
different palm oil mill boiler ashes were synthesised and used in the transesterification of crude palm oil
(CPO) with methanol to yield biodiesel. Catalyst preparation parameters including the type of ash sup-
port, the weight percentage of CaO and calcined CaCO3 loadings, as well as the calcination temperature
of CaCO3 were optimised. The catalyst prepared by loading of 15 wt% calcined CaCO3 at a fixed temper-
ature of 800 �C on fly ash exhibited a maximum oil conversion of 94.48%. Thermogravimetric analysis
(TGA) revealed that the CaCO3 was transformed into CaO at 770 �C and interacted well with the ash sup-
port, whereas rich CaO, Al2O3 and SiO2 were identified in the composition using X-ray diffraction (XRD).
The fine morphology size (<5 lm) and high surface area (1.719 m2/g) of the fly ash-based catalyst ren-
dered it the highest catalytic activity.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Increasing worldwide energy demands in addition to depleting
fossil fuel reserves have necessitated the search for alternative
renewable fuels (Basha et al., 2009; Demirbas, 2007). Amongst
the promising alternatives fuels is biodiesel, a suitable replacement
for petroleum diesel because of its relatively lower cost, compati-
bility with existing diesel infrastructure and availability of produc-
tion technology (Ng et al., 2010a, 2010b). Moreover, biodiesel has
been demonstrated to have potential to reduce pollutant emissions
in both engines and oil burners (Ng and Gan, 2010; Ng et al., 2011,
2012).

Biodiesel is produced through transesterification in which tria-
cylglycerides of an oil or fat are converted into lower molecular
weight fatty acid monoalkyl esters using methanol in the presence
of a basic or acidic catalyst (Boro et al., 2012). The main hurdle in

the commercialisation of biodiesel is the cost of raw feedstocks.
One way to reduce the cost of biodiesel production is to employ
cheaper feedstocks such as waste cooking oils (Enweremadu and
Mbarawa, 2009; Lam et al., 2010; Math et al., 2010) or crude palm
oil (CPO) instead of neat or refined vegetable oils (Lou et al., 2008).
However, such a process is challenging due to the presence of con-
siderable undesirable components especially free fatty acids (FFAs)
and water (Aijaz and Flora, 2010; Gan et al., 2010). The use of
homogenous base catalysts for the transesterification of such feed-
stocks suffers from saponification whereby the catalyst reacts with
FFAs to form large amounts of unwanted soap as by-product which
inhibits the separation of biodiesel, glycerin and wash water
(Helwani et al., 2009). This ultimately reduces the yield of biodiesel
substantially (Lou et al., 2008). On the other hand, homogenous
acid catalysts are not sensitive to FFAs but they are difficult to re-
cycle and result in slower reaction rates as well as environmental
and corrosion problems. Both these homogeneous catalysts are
not reused hence they must be neutralised and discarded as aque-
ous salt waste streams (Helwani et al., 2009). Due to the problems
associated with the use of homogenous catalysts, there has been an
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