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Abstract: Transesterification of yellow oleandéFhgvetia peruviana) seed oil to its fatty acid methyl esters
(FAME, biodiesel) was carried out in methanol bychareaction using a heterogeneous catalyst defioed
the rhizome oMusa balbisiana Colla (one variety of banana plant). The yield wfdiesel obtained is 95 wt.%
at room temperature (32 °C) in 3 h. The catalyshé&mally stable and better catalytic activityolsserved
when it is activated.
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Introduction

Consumption and demand of petroleum products haem lyrowing rapidly in recent years due to
increase in the number of automobiles and widely of diesel fuels in transportation, power genergti
agriculture vehiclegtc. Because of unavailability of petroleum crude oélgent increase in petroleum prices
and its non-renewability, there is renewed inteliesvegetable oil fuels for diesel engines. Biodles
becoming increasingly popular because of its rebénvand low environmental impact. Fatty acid me#sters
also known as biodiesel is accepted as a potegte#n alternative fuel for diesel endifieBiodiesel is
produced via transesterification of triglycerideggent in biological resources such as vegetalde amimal
fats or even used cooking oils by reacting withtrabl in the presence of a catalyst Transesterification is a
process for transformation of one ester to anatligran alcohol and the alcohols used in the trstesification
are generally methanol, ethanol, propanol, butand amyl alcohol. Methanol and ethanol are utilizeust
frequently, especially methanol because of its loast and its physical and chemical advantages.
Transesterification process has been widely emgldgereduce the high viscosity of triglycerides réisy
making the characteristics of biodiesel close &séli fuels to improve engine performaiicé

The conventional catalysts for transesterificatieaction are homogeneous strong bases (such dis alka
metal hydroxides and alkoxides) and homogeneous gsiich as ¥50,)"*'"*Y However, basic catalysts are
generally corrosive to equipment and also readt wee fatty acid to form unwanted soap as by-pctsithat
require expensive separation. Homogeneous acidysttaare difficult to recycle and operate at high
temperatures, and also give rise to serious enviemial and corrosion probleffi$’. Therefore, to overcome
all these problems and to reduce the present higuption cost of biodiesel, the development ofnexoically
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viable as well as cost-effective heterogeneousysttafor biodiesel industries is urgently neededcently,
several heterogeneous catalysts derived from waist@mass have been reported in various literatuoes f
biodiesel synthesi$ and these ardusa balbisiana Colla®!, waste shell off. striatula®™, waste freshwater
mussel shelf, turtle shefl’, waste eggshéfl waste cockle shéfl waste shells of mollusk and €ggvaste fish
scalé’, waste mud crab sh#| chicken eggsheff§ snail shef, industrial waste shells of egg, golden apple
snail and meretrix ventis waste animal borig shrimp shefl’, clamshell K1. meretrix)®, Pomacea sp. Shelf®,
and oyster shéfl. These catalysts have very high commercial prasgec biodiesel industries as the catalysts
are derived from waste materials making it costatife.

Yellow oleander Thevetia peruviana Schum.) is an evergreen ornamental plant which grmaabout
2-6 m in height. The plant belongs to tApocynaceae family and is widespread in American, Asian and
African continents. The plant starts flowering aftee and a half year from plantation and thererdftooms
thrice a yedY. The fruits are usually green in colour and bectiaek on ripening. The fruit contains between
one to four seeds in its kernel, and the plantdealky juice in all organs. Mature fruitig. 1) contain about
22-23% kernel and seeds have 60-65% oil cofftéfite chemical composition of biodiesel (FAME) eflpw
oleander Thevetia peruviana) seed oil determined by GC-MS analysis was repdtnd it consists of 23.28
wt.% of methyl palmitate (C16:0), 19.85 wt.% of imgtlinoleate (C18:2), 43.72 wt.% of methyl oleate
(C18:1), 10.71 wt.% of methyl stearate (18:0) ard 2vt.% of methyl arachidate (C20:0).

In this study, an environmentally benign highlyieeteterogeneous catalyst derived from the rhizome
of Musa balbisiana Colla (one variety of banana plant) for biodiesglthesis is reported. It is observed that the
catalyst can catalyze transesterificationTokvetia peruviana seed oil with methanol in a highly efficient
manner at room temperature (32 °C) into its cooedjng fatty acid methyl esters (biodiesel).

Fig. 1. Yellow oleander fruitswith seedsand kernels
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Experimental Section
Materials

The yellow oleanderThevetia peruviana) fruits were collected from Gauhati University Gaums,
Guwabhati, Assam, India. The pulps were removeddseied in sunlight, deshelled and the kernel heds
using a grinder prior to oil extraction. Solventsdaother chemicals used were of analytical gradd,they
were procured from commercial sources (Merck, Ramkgigma Aldrich, Qualigens) and used as such witho
further treatment.

Oil extraction

Crushed kernel in petroleum ether (bp 40-60 °GnlL@y) was magnetically stirred at room temperature
(22-23 °C) for 3 h, filtered and solvent was rentbat 45 °C using a rotary vacuum evaporator tadyileé
crude oil. The oil was purified prior to transesgteation done, by column chromatography over ailgel (60-
120 mesh) using a mixture of petroleum ether ahyl eicetate (20:1) as the eluent.

Catalyst preparation and characterization

The rhizome oMusa balbisiana Colla (one variety of banana plant) was cut iftim fpieces and air
dried under sun for several days. Dry material wgagted, and allowed to burn and cool down to ambie
temperature in its own. The ash was then preseirvegh air tight plastic container for use as ancemh
necessary. Burning is usually expected to compietiein half an hour, but cooling down process malet
hours.

BET surface area, pore volume and pore size ofdkaysts were determined using TriStar 3000 V6.08
A. TGA spectra of the catalysts were recorded WiBA/DSC-1,METTLER TOLEDO, STAR SW 9.10 from
room temperature to 900 °C at a scanning rate 8C1in under nitrogen atmosphere.

Composition of the catalyst

The chemical composition of the catalyst was edechdy chemical analysis, atomic absorption spectpy
and flame photometf§ Major components present aré, Ka', CO,> and Cl along with eleven other metals
viz. Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb, alniare present only in trace amounts (ppm levebtald
are present as their carbonates, chlorides or exieely divided carbon particles are also prééent

Activation of catalyst

The catalyst was activated by heating at 400 °C7&@d°C in a programmable muffle furnace (LAB
TECH). About 1.5-2.0 g of the catalyst was take@ igilica crucible (preheated and weighted) and treated
in a muffle furnace to either 400 °C for 2 h or PA0for 3.5 h, and kept at the temperature for abhduih. After
the heating was completed, the catalyst was allotwedool to room temperature inside a desiccatod a
preserved there until used.

Transesterification of seed oil

The purified yellow oleandeseed oil was transesterified to fatty acid mettsgees using the catalyst
derived from rhizome of/. balbisiana. A mixture of oil in methanol (10 mL/g of oil) aritle catalyst (20 wt.%
of oil) was magnetically stirred at room temperat(82 °C) and the conversion was monitored by TEi@. Q).
The reaction mixture was filtered under vacuum puwangd the residue washed with petroleum ether a@ad th
combined filtrate was partitioned between water gattoleum ether. The organic phase was washed with
brine, dried over anhydrous p&O, and the solvent was removed under vacuum to yleddctude product
which was further purified by column chromatograpwer silica gel using 20:1 petroleum ether and/leth
acetate as the eluent. The purified product wakdursubjected to high vacuum to remove the lastes of
solvents to yield pure biodiesel.

NMR data of the FAME mixture: '"H NMR (300 MHz; CDC}; Me,Si) 8= 0.87 (m, 3H: -C-El5), 1.24
(m, -(CHy),-), 1.60 (m, 2H: -El,-C-COOMe), 2.02 (m, 2H: 48,-C=C-), 2.29 (t, 2H3J = 7.5 Hz: -G,-
COOMe), 2.75 (t, 2H3J = 6.9 Hz: -C=C-E&l,-C=C-), 3.65 (s, 3H: -CO-O@;) and 5.33 (m, 2H, -B=CH-);
¥C NMR (75 MHz; CDC}; Me,Si) 8= 14.04-34.01 (€H,), , CHs), 51.36 (-QCHg), 127.8-130.1 (olefinic
carbons), 174.34 GO-OCH;).
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Results and Discussion
Transesterification of seed oil to fatty acid methyl esters

Biodiesel consists of methyl esters of long chaityfacids. Conversion of oil to biodiesel is avke
by reacting with methanol in the presence of algsttaln this paper, transesterification of yell@mleander
(Thevetia peruviana) seed oil to fatty acid methyl esters (FAME, bax#l) using a heterogeneous catalyst
derived from the rhizome d¥lusa balbisiana Colla is presentedT@ble 1). For transesterification reaction, a
mixture of oil in methanol (10 mL/g of oil) and tleatalyst (20 wt.% of oil) was taken in 250 mL R&sk and
magnetically stirred at room temperature (32 °@)e Tonversion of triglyceride to biodiesel was nar@d by
TLC (Fig. 2). Using the catalyst derived from rhizomeMisa balbisiana Colla, the yield of FAME (biodiesel)
from yellow oleander seed oil was 95 wt.% at roemgerature (32 °C ) within 3 A4ble 1, Entry 1). The'H
and™C NMR spectra of yellow oleander biodiesel (FAME) aresented iFigs. 3 & 4 respectively. IrFig. 3,

a singlet signal ab 3.65 ppm represents the methoxy protons (-CBHe)@f the ester functionality of the
yellow oleander biodiesel. IFC NMR spectrum of biodieseF{g. 4), the signal at 51.36 ppm is due to
methoxy carbon (-OH3) which is indicative enough for the desired transfation.
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Fig. 3. '"H NMR spectrum of the biodiesel from yellow oleander seed oil
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Fig. 4. ®*C NMR spectrum of the biodiesel from yellow oleander seed oil

Table 1. Activity of catalyst in transesterification of Thevetia peruviana seed oil to
itsFAME

Entry  Catalyst from Rhizome Reaction time (h) Yield (wt.%)
of M. balbisiana
1 Normal 3.0 95
2 Activated 2.50 95
at 400 °C
3 Activated 2.25 96
at 700 °C

Reaction conditionsthevetia peruviana seed oil 2 g; catalyst 20 wt.%; methanol 20
mL; reaction temperature 32 °C.

Effect of activation of the catalyst in transesterification of seed ail

The catalyst derived from rhizome bf. balbisana was activated at 400 °C and 700 °C in a muffle
furnace and transesterification reactiorbévetia peruviana seed oil was performed with the activated catalyst
under nitrogen atmosphere. The results are showabite 1. It is seen that a maximum of 96 wt.% conversion
could be achieved with both normal and activatethlgsts but activated catalysts demand slightlyeow
duration of reaction time. Activation temperatu$80 °Cvs. 700 °C practically makes no difference except tha
reaction time with the catalyst activated at 700s@arginally reduced. The increase in activitierheating
the catalyst at 400 °C may be due to more freeasarérea availability for catalytic activity. Asticatalyst is
hygroscopic, it absorbs moisture from the atmosplérich is easily removed by heating the catai@sily a
marginal increase in activity of the catalyst afterating at 700 °C reaffirms our hypothesis. Ther@o
substantial change either in physical state or atemstructure of the catalyst after heating eithie400 °C or
700 °C.
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Fig. 5. TGA spectrum of catalyst from the rhizome of M. balbisiana

Table 2. Weight loss of activated catalyst

Catalyst from rhizome d¥l. Initial wt. Wt. after heating Wt. loss Wt. loss
balbisiana ()] ()] @ (Wt.%)

Activated at 400 °C for 3.5 h 1.550 1.335 0.215 813.

Activated at 700 °C for 5 h 2.093 1.633 0.460 21.97

Thermal stability and characterization of catalyst

To observe the thermal stability of the catalygg TG measurement for the catalyst was conducted.
The TGA of the catalystg. 5) shows that the catalyst starts losing weight eating till about 200 °C. From
about 200 °C to about 400 °C, the catalyst is alratable as indicated by near constant weightigrémge of
temperature. Beyond 400 °C, the catalyst startadoseight again albeit at slow rate. Beyond 700 ¢&alyst
continues to lose weight at somewhat increased Taee loss of weight in the early part of heatirgyto about
400 °C is due to loss of physically adsorbed whtan the surface of the mass. Loss of weight bey&d@l °C
may be due to slow loss of water of crystallizatia& no chemical change is expected in this range of
temperature. Loss of weight due to chemical decaitipa is expected at a temperature beyond 700 °C.

The catalyst derived from rhizome M. balbisiana was activated at 400 °C and 700 °C. The results of
weight loss of the catalyst at those temperaturesammarized iff able 2. When the catalyst is activated at
400 °C, a weight loss of about 14% in 3.5 h is obesk Similarly, a weight loss of about 22% is alied on
heating at 700 °C for about 5 h.

The BET surface area, pore volume, and pore sizeéeotatalyst derived from the rhizome Mfisa
balbisiana Colla were determined using TriStar 3000 V6.08nd #ound to be 0.5790 %g, 0.010196 crig,
and 70.44064 nm respectively.

Conclusion

In this study, highly active and low-cost heterogmus catalyst derived from the rhizomeMiéisa
balbisiana Colla (one variety of banana plant) for conversibtyellow oleandeseed oil to biodiesel has been
established. Using this catalyst, 95 wt.% yieldmidiesel is achieved at room temperature (32 AQ3 . The
catalyst is thermally stable and better catalytitivély is observed when it is activated by heatinghe range
of 400 °C to 700 °C. The catalyst has very high m@rcial prospects, especially in biodiesel indastras the
catalyst can be prepared at nominal cost from th&tevof post-harvest banana plants and the discovesins a
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value addition to banana cultivation. The banarantplis an excellent raw material for the large ecal
preparation of the catalyst for biodiesel productidue to its easy availability. Biodegradability dan
environmental acceptability are other two factardavour of the catalyst as its large scale usé pase no
disposal problem.
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