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ABSTRACT
Lipase immobilized on Santa Barbara Acid-15 (SBA 15) produced from
economic precursor obtained from sugarcane leaf ash was used as a catalyst
for methanolysis of used vegetable oil. Here, highly ordered mesoporous
silica has been prepared from sugarcane leaf ash by template assisted
method. BET surface area, primary pore size and pore volume of SBA – 15
were 587 m2/g, 7 nm and 0.8 cm3/g respectively. Mesoporous silica had
shown percentage immobilization of 48.92% and specific enzyme activity
of 8.6 U/ mg. The optimal conditions for processing 5 g of used vegetable
oil are: 100 mg of immobilized lipase, 8:1 molar methanol to oil ratio and a
temperature of 40 °C. 96.5 % yield of fatty acid methyl ester (FAME) was
obtained under optimized conditions.
 2014 Trade Science Inc. - INDIA
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over, pretreatment steps involved in chemical methods
add up to the cost of production. Enzymatic methanolysis
Fossil fuels which serve as the prime source of en- can be used as an effective alternate to the existing
ergy are expected to completely deplete in the near fu- methods[4]. Continuous operation, recovery and regenture since the rate at which they are formed is negligible eration of the catalyst can be accomplished by immobicompared to the rate at which they are consumed. More- lizing enzymes on inert support. Mesoporous silica as a
over the atmospheric emissions produced by burning credible support for enzyme immobilization has been
of fossil fuels have contributed to about 90 percent of studied[5]. Used vegetable oil as a source for biodiesel
the earth’s greenhouse gases[1]. This has generated the production by lipase immobilization on an economic host
need for a clean renewable fuel that could serve as a material goes a long way in reducing the biodiesel probetter replacement for the fossil based fuels and at the duction cost[6].
same time prolong their availability by decreasing their
Many methods were reported for SBA-15 syntheconsumption. Biodiesel can be defined as a fatty acid sis using different precursors which are costly and to
methyl ester (FAME) when produced by reduce the cost of the support, use of an economic premethonolysis[2]. Biodiesel has to be produced only from cursor is a prerequisite. Although some work has been
used vegetable oil, preferably available in abundant so reported on converting ash into mesoporous silica maas to minimize the food-versus-fuel debate[3]. More- terials, it is less explored. Sugarcane leaf ash has been
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used as a partial replacement of portland cement due
to its low cost and high SiO2 content. An alternative
silica source obtained from sugarcane leaf ash is a promising option.
Our study focuses on the methanolysis of used vegetable oil catalysed by lipase immobilised on
mesoporous SBA-15 in a batch process, wherein the
SBA-15 was prepared by condensation of sodium silicate, a low cost silica precursor obtained from sugarcane leaf ash. The optimum parameters such as temperature, methanol to oil molar ratio and reusability of
lipase immobilized on the support matrix were studied.

sizes by cutting. The size reduction of leaves facilitates
complete burning. Burning was carried out in a crucible
furnace (650°C). 1 g of finely ground ash was then fused
with sodium hydroxide in the ratio 1:1.2 by weight, at a
temperature of 400 °C for 1 h. The dilution of fused
mass with water in the ratio 1:4 by weight was done. It
was followed by sonication to disperse the particles
completely[8]. Lipase (20 mg) and pH 7.5 phosphate
buffers (10 ml) were added to 2 g of mesoporous material. The mixture was kept in a vial in a deep freezer
for 24 h[9,10].

MATERIALS AND METHODS

The reaction mixture containing methyl esters was
analyzed by Gas chromatography – Mass spectroscopy (CLARUS 500, PerkinElmer, USA). Surface
area, pore volume and pore diameter of the silica sample
were determined using BET analysis.

Materials
Synthesis of SBA-15 involves the use of sugarcane
leaf ash as the silica precursor. Used vegetable oil was
brought from a local restaurant. The chemical composition of the oil is given in TABLE 1. Pluronic P123 a
triblock
co-polymer,
(99%,
Aldrich)
(PEO20PPO70PEO20) was used as a template. Potassium dihydrogen phosphate, Dipotassium hydrogen
phosphate, Copper Sulphate Pentahydrate, Sodium
Potassium Tartarate were purchased from Himedia
Laboratories Pvt. Ltd. Lipase (97% pure) was purchased from Himedia Laboratories Pvt. Ltd.
TABLE 1 : Fatty acid composition of used vegetable oil (%)
Fatty acid
Palmitic acid
Stearic acid
Oleic acid
Linoleic acid
Linolenic acid
Myristic
Arachidic
Gadoleic
Others

Molecular formula
C16:1
C18:0
C18:1
C18:2
C18:3
C14:0
C20:0
C20:1

wt %
21.25
8.75
47.12
18.34
0.20
1.45
0.47
0.12
2.3

Preparation of mesoporous silica support and immobilization
Mesoporous SBA – 15 was synthesized using template assisted method[7]. Sugarcane leaves obtained from
the nearby fields and were sun dried till they loose all
the moisture. Leaves after drying, were reduced to small
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Characterization

Methanolysis
5 g of used vegetable oil (molecular weight 720 g/
mol), 0.4 g of water and 0.88 g of methanol (alcohol:
oil molar ratio 4:1), were mixed and a batch reaction
was carried out in 10mL screw-capped vials. By adding 100 mg of immobilized lipase to the substrate mixture, the reaction was carried out at 30°C for 8h. Vials
were incubated in a rotary water bath at 80 oscillations/min.
RESULTS AND DISCUSSION
Characterization
Immobilization of lipases was done on mesoporous
material and the specific enzyme activity of the immobilized lipase was 8.6 LU/ mg[11]. SBA-15 synthesized
had the typical wheat-like morphology and high porous
surface as reported earlier[11]. The surface area was
determined to be 573 m²g-1. Average pore volume and
pore diameter were found to be 0.8 cm³ g-1 and 7 nm
respectively. Presence of –OH and Si–O–Si bond in
SBA-15 had been shown earlier in our previous reports[12].
Effect of Methanol to oil ratio
Methanol to oil ratio is one of the important process variables affecting the yield of FAME. The results
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are shown in the Figure 1. Methanol to oil ratio 4:1
showed maximum FAME yield. From the Figure 2 it
can be seen that the percentage yield of FAME increased with increase in methanol to oil molar ratio and
reaches a maximum. Increase in concentration of methanol removes the water layer over the lipase hence leads
to enzyme deactivation. Beyond the certain ratio the
biodiesel production yield decreased. This might be due
to the resistance caused by the water layer to the diffusion of substrate into immobilized lipase[13].

was significant increase in yield. It was mainly due to
increase in enzyme activity with temperature. But at
higher temperatures i.e. temperature more than 40 °C,
the enzyme loses its activity resulting in low FAME
yield[14].
CONCLUSION
Mesoporous SBA-15 obtained from sugarcane leaf
ash. SBA-15 prepared Sugarcane leaf ash showed a
higher specific surface area and pore volume. The BET
surface area has been determined to be 573 m²g-1, pore
diameter 7 nm and pore volume 0.84 cm3/g. The optimum parameters were studied and identified with
methanol to oil molar ratio being 8:1, temperature 40ºC
and a high FAME yield of 96.5% was obtained.
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