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ABSTRACT

Lipase immobilized on Santa Barbara Acid-15 (SBA 15) produced from
economic precursor obtained from sugarcane | eaf ash wasused asacatalyst
for methanolysis of used vegetable oil. Here, highly ordered mesoporous
silica has been prepared from sugarcane leaf ash by template assisted
method. BET surfacearea, primary pore size and porevolume of SBA — 15
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were 587 m?g, 7 nm and 0.8 cm?®/g respectively. Mesoporous silica had
shown percentage immobilization of 48.92% and specific enzyme activity
of 8.6 U/ mg. The optimal conditionsfor 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 ScienceInc. - INDIA

INTRODUCTION

Fossi| fuelswhich serve asthe prime source of en-
ergy areexpected to completely depleteinthe near fu-
turesincetherateat which they areformedisnegligible
comparedtotherateat which they are consumed. More-
over the atmospheric emissions produced by burning
of fossil fuelshave contributed to about 90 percent of
theearth’s greenhouse gases!Y. Thishasgenerated the
need for aclean renewablefuel that could serveasa
better replacement for thefossil based fuelsand at the
sametimeprolong their availability by decreasing their
consumption. Biodiesdl can be defined asafatty acid
methyl ester (FAME) when produced by
methonolysis?. Biodiesd hasto be produced only from
used vegetableail, preferably availablein abundant so
astominimize thefood-versus-fuel debate’®. More-

over, pretreatment stepsinvolved in chemica methods
add uptothecod of production. Enzymetic methanolys's
can be used as an effective alternate to the existing
methods“. Continuous operetion, recovery and regen-
eration of the catalyst can beaccomplished by immoabi-
lizing enzymeson inert support. Mesoporousslicaasa
credible support for enzymeimmobilization hasbeen
studied®. Used vegetable oil asasourcefor biodiese
production by lipaseimmobilization on aneconomic host
material goesalongway inreducing thebiodiesd pro-
duction cost®®.

Many methodswerereported for SBA-15 synthe-
sisusing different precursorswhich are costly and to
reducethe cost of the support, use of an economic pre-
cursor isaprerequisite. Although somework hasbeen
reported on converting ash into mesoporoussilicama:
terias, itislessexplored. Sugarcaneleaf ash hasbeen
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used asapartial replacement of portland cement due
toitslow cost and high SIO, content. An alternative
slicasourceobtained from sugarcanelesf ashisaprom-
iSngoption.

Our study focuseson themethanolysi sof used veg-
etable oil catalysed by lipase immobilised on
mesoporous SBA-15 in abatch process, wherein the
SBA-15 was prepared by condensation of sodiumsili-
cate, alow cost silicaprecursor obtai ned from sugar-
caneleaf ash. The optimum parameters such astem-
perature, methanol to oil molar ratio and reusability of
lipaseimmobilized on the support matrix were studied.

MATERIALSAND METHODS

Materials

Synthesisof SBA-15involvesthe useof sugarcane
leaf ash asthesilicaprecursor. Used vegetable oil was
brought from aloca restaurant. The chemical compo-
gition of theoil isgivenin TABLE 1. PluronicP123 a
triblock  co-polymer, (99%, Aldrich)
(PEO,,PPO, PEO,) was used as atemplate. Potas-
sium dihydrogen phosphate, Dipotassium hydrogen
phosphate, Copper Sul phate Pentahydrate, Sodium
Potassium Tartarate were purchased from Himedia
Laboratories Pvt. Ltd. Lipase (97% pure) was pur-
chased from HimediaL aboratories Pvt. Ltd.

TABLE 1: Fatty acid composition of used vegetableoil (%)

Fatty acid Molecular formula wt %
Palmitic acid Ci16:1 21.25
Stearic acid C18.0 8.75
Oleic acid ci18:1 47.12
Linoleic acid C18:2 18.34
Linolenic acid C18:3 0.20
Myristic C14.0 1.45
Arachidic C20:.0 0.47
Gadoleic C20:1 0.12
Others 2.3

Prepar ation of mesoporoussilicasupport and im-
mobilization

Mesoporous SBA — 15 was synthesized using tem-
plateass sted method™ Sugarcaneleavesobtained from
thenearby fieldsand weresun driedtill they looseall
themoisture. Leavesafter drying, werereduced to small
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sizesby cutting. Theszereduction of leavesfacilitates
completeburning. Burningwascarried outinacrucible
furnace (650°C). 1 gof finely ground ashwasthenfused
with sodium hydroxideintheratio 1:1.2 by weight, at a
temperature of 400 °C for 1 h. The dilution of fused
masswith water in theratio 1:4 by weight wasdone. It
was followed by sonication to disperse the particles
completely®. Lipase (20 mg) and pH 7.5 phosphate
buffers (10 ml) were added to 2 g of mesoporous ma-
terid. Themixturewaskept inavia inadeep freezer
for 24 hi®19,

Characterization

The reaction mixture contai ning methyl esterswas
analyzed by Gas chromatography — Mass spectros-
copy (CLARUS 500, PerkinElmer, USA). Surface
areg, porevolumeand porediameter of thesllicasample
weredetermined usng BET andysis.

Methanolysis

5 g of used vegetableoil (molecular weight 720 g/
mol), 0.4 g of water and 0.88 g of methanal (alcohol:
oil molar ratio 4:1), were mixed and abatch reaction
was carried out in 10mL screw-capped vids. By add-
ing 100 mg of immobilized lipaseto the substrate mix-
ture, thereactionwascarried out at 30°C for 8h. Vials
were incubated in arotary water bath at 80 oscilla-
tiongmin.

RESULTSAND DISCUSSION

Characterization

Immobilization of lipaseswas done on mesoporous
materid and the Specific enzymeactivity of theimmobi-
lized lipase was 8.6 LU/ mg!*. SBA-15 synthesized
had thetypical whest-like morphol ogy and high porous
surface as reported earlier™V, The surface areawas
determined to be 573 m?g*. Average porevolumeand
pore diameter werefound to be 0.8 cnm® g*and 7 nm
respectively. Presence of -OH and Si—O-Si bond in
SBA-15 had been shown earlier in our previous re-
portg*2,

Effect of Methanol tooil ratio

Methanol to oil ratio isone of theimportant pro-
cessvariablesaffectingtheyield of FAME. Theresults
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areshowninthe Figure 1. Methanol to oil ratio 4:1
showed maximum FAME yield. FromtheFigure2 it
can be seen that the percentage yield of FAME in-
creased withincreasein methanol to oil molar ratioand
reachesamaximum. Increasein concentration of metha:
nol removesthewater layer over thelipasehenceleads
to enzyme deactivation. Beyond the certainratio the
biodiesd productionyied decreased. Thismight bedue
to theres stance caused by thewater layer to the diffu-
sion of substrateinto immobilized lipasg™.
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Figurel: Effect of M ethanal to oil molar ratioonimmobilized
lipase catalyzed methanolysis of used vegetable oil for
Temperature40°C, 4% v/v water content and reaction time
of 8h
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Figure2: Effect of temper atureonimmoabilized lipasecatalyzed
methanolysis of used vegetable oil for 8: 1 molar ratio of
methanol tooil, 4% v/v water content and reaction timeof 8h.

Effect of temperature

For temperatures 30 °C, 35 °C, 40 °C and 45 °C
methanolysiswas carried out keeping other parameters
fixed. Thepercentageyidd of FAME wasmaximum at
40°C (Figure 2). With increase in temperature there

wassignificant increaseinyield. It wasmainly dueto
Increasein enzyme activity with temperature. But at
higher temperaturesi.e. temperature morethan 40 °C,
theenzymelosesitsactivity resultinginlow FAME
yield4,

CONCLUSION

M esoporous SBA-15 obtai ned from sugarcane | esf
ash. SBA-15 prepared Sugarcane |eaf ash showed a
higher specific surfaceareaand porevolume. TheBET
surface areahas been determined to be 573 ng™, pore
diameter 7 nm and pore volume 0.84 cm?®/g. The opti-
mum parameters were studied and identified with
methanol tooil molar ratio being 8:1, temperature40°C
and ahigh FAME yield of 96.5% was obtai ned.
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