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.Abstract

An activated carbon-supported Mg-Zn catalyst (Mg-Zn/AC) was prepared by using co-precipitation combined with
incipient wetness impregnation methods. The catalyst structure was characterized by powder X-ray diffraction
(XRD), N, adsorption—desorption, Fourier transform infrared spectroscopy (FTIR), its microstructure was studied by
the use of scanning electron microscopy (SEM)and the catalytic performance toward synthesis of methyl esters from
waste frying oil (WFO) was investigated. The properties studied provided insight into the catalytic performance of
the catalyst whereby the large surface area and pore volume of the support facilitated the distribution of metal
particles and high dispersion of metals. The optimum reaction conditions were obtained by varying parameters such
as methanol to oil ratio, catalyst loading, temperature and time. Under the conditions of reaction time of 5 h,
temperature, 150 °C and catalyst dosage of 2.5 wt%, the methyl ester yield of >86% was achieved using 64 g of
WFO, 38 g of methanol. The results showed that Mg-Zn/AC catalyst presented efficient activity during the

transesterification reaction and is a promising heterogeneous catalyst for the production biodiesel fuel from vegetable

oil feedstock.
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1. INTRODUCTION

The dwindling reserves of fossil fuel and surging prices for
the petroleum-based fuels has triggered the pressing needs
for renewable energy as sustainable fuel substitute (Singh
and Singh, 2010). According to the statistical data reported
by the International Energy Agency, a 53% increase in the
global energy consumption is foreseen by 2030, The
energy consumption is mainly based on fossil fuels which
account for 88.1 %. At the current production rates, the
global proven reserves for crude oil and natural gas are
forecasted to last for the next 41.8 and 60,3 years (Ong et

al, 2011).Several researches on alternative renewable
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energy sources, namely solar, wind, hydrothermal,
geothermal and biofuels have been carried out extensively
(Cheng et al., 2010; Gnansounou and Dauriat, 2010; Yin et
al., 2010).

Biodiesel, produced by Transesterification of vegetable
oils, fats and fatty acids is recognized as a new emerging
sector in fuel industry, due to the similarity it possesses
with the conventional diesel in term of its chemical
structure and energy content. Several types of vegetable
oils which have been used for the preparation of biodiesel
includes palm (Zabeti et al., 2009), s'undowner‘(Granados

et al, 2007), rapeseed (MacLeod et al., 2008),
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with the WFO, 52 g oil was measured and charged into the
reactor with 17 g of methanol equivalent to a molar ratio of
methanol to oil of 9:1 was used with 2.5 wt% catalyst
(1.317 g) based on oil at a temperature of 120°C.

2.5 Catalyst stability
The possibility of reusing the catalyst was investigated to
check its capacity to provide the same performance during
Transesterification reaction. To achieve this, the supported
catalyst was recovered after first run, washed with n-
hexane to remove oil adhered to its surface, filtered and
oven dried 70°C for 12 h. It was then used in the second
experimental run and the procedure was repeated for the
third and fourth runs for methyl ester synthesis by

Transesterification reaction between methanol and WFO.

3. RESULTS AND DISCUSSIONS
3.1. Catalyst characterization

The textural properties of any catalyst are important
features that provide insights as concerns its performance.
To this effect, BET surface area, average pore size, and
pore volume of the catalyst were determined as 91.44
m?g, 8.52 nm, and 0.19 cm*/g, respectively. The external
surface area of the as-synthesized catalyst was observed to
favour its reactivity. In this study, AC support helped to
improve the surface area of the catalyst forming a
composite structure with Mg-Zn oxides. The surface of the
AC used is comprised of well pronounced and ordetly
pores developed over the surface after activation. A typical
SEM image for one of the synthesized catalyst is as shown
in Fig.1. It was observed that there was agglomeration of
particles on the surface over the AC support. The AC layer
seems to be embedded due to the precursor which
penetrates the support. It was also observed that the
penetration into the support was inhomogeneous and was

at least a few micrometers in depth with few porous
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opening. The exhibited nature is as a result of different
materials made up of AC and the precursors integrated
together consisting of particles that are not all of the same
degree or dimensions. It was also observed that for a fixed
concentration of the precursor, a continuous flat layer was
obtained. The layer, however, covered the rough AC
support yielding a thin film. It was also observed that the
agglomerates of particles consisting of the precursor
oxides synergized together in a composite matrix. The
presence of the metals is also confirmed by the XRD
measurements which revealed that the metals are dispersed
on the specific sites which could be responsible for the

high performance of the as-synthesized catalyst.

Fig.1Scanning electron micrograph (SEM) image of Mg-
Zn on AC support

The specific surface area and pore volume of the
catalyst was analyzed using nitrogen adsorption at
—197°C.As the

ofFig.2monolayer formation was usually complete when

shown in adsorption  isotherms
the relative pressure reached 0.3 because the radius
available for condensation was decreased by the thickness
of the monolayer or by approximately two molecular
diameters. Based on the results, the samples with relative

pressures above 0.3 had type IV hysteresis according to the
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