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ABSTRACT

Pithecellobium monadel phum Kosterm oil was extracted and transesterification was carried out using methanol as
the solvent in presence of a catalyst to produce biodiesel. Fatty acid methyl esters in biodiesel prepared from
Pithecell obium monadel phum seed oil was analyzed by IR, NMR and GC-MS. The biodiesel consists of 29.44 wt.%
of methyl palmitate (C16:0), 38.91 wt.% of methyl linoleate (C18:2), 18.77 wt.% of methyl oleate (C18:1), 6.85
wt.% of methyl stearate (18:0), 2.87 wt.% of methyl arachidate (C20:0) and 3.13 wt.% of methyl behenate (C22:0).
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INTRODUCTION

Because of the limited reserves of fossil fuelsreéasing prices of crude oils and environmentalceans,
researchers are working hard to find a new enezggurce that is renewable, clean, reliable anc&gehomically
feasible as a substitution to the current fossdlfuln this context, recently, biodiesel derivedni non-edible
vegetable oil has been shown to be a viable aligm#&o the conventional transport fuel, petrodidee diesel
engines and is receiving worldwide attention beeaafsits renewability, biodegradability, nontoxiciand carbon
neutrality [1-4]. Biodiesel, mixture of fatty acishethyl esters (FAME), is generally produced froialdgical
resources such as vegetable oils, animal fats en easte cooking oils by transesterification witkethanol in
presence of a catalyst [1, 5, 6].

The biodiesel is quite similar to conventional diefuel in its physical characteristics and canused alone or
mixed in any ratio with petroleum based diesel fneiost existing modern four-stroke combustionitign diesel

engines with very few technical adjustments or roalification. Biodiesel as a neat can be used aeatdubstitute
for petrodiesel and is technically called B100. Treferred ratio of mixture ranges between 5% (88) 20%

(B20). The blending ratio has been investigateddnjous authors on Cl engines. Up to 20% blendingiadiesel

with diesel has shown no problems in engine parg]]

Currently, more than 95% of the biodiesel is maaenf edible oil and biodiesel production from coniemal
sources (soybean, rapeseed, sunflower, palm, iatr@asingly has placed strain on food productipmice and
availability [5, 10-13]. Taking these factors intonsideration, non-edible oils definitely have #uantage over
edible oils as biodiesel feedstock. Therefore, deéor alternative biodiesel feedstocks like noibkdvegetable
oils should be an important objective.

Pithecellobium monadel phum Kosterm (calledMaj in Assamese, Fig. 1) is a huge woody tree which gray as
high as 50 metres or even more. The tree producagar and flat seeds (Fig. 2) which are smabize but large in
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number. The present study deals with the synthafsisiodiesel fromPithecellobium monadelphum seed oil by
transesterification with methanol and determinatiddrcomposition of the biodiesel formed by emplaywarious
instrumental techniques.

Fig. 1. Pithecellobium monadelphum tree

Fig. 2. Pithecellobium monadel phum seed
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MATERIALSAND METHODS

Materials

Pithecellobium monadelphum Kosterm seeds were collected from Bongaigaon Ristf Assam, India during its
availability of the season. The seeds were driedunlight and the kernel crushed using a grindergo oil
extraction. Methanol used was of analytical gradertk, Mumbai, India). All other solvents and cheais used
were of analytical grade, and they were procuresinfrommercial sources and used as such withoutefurt
treatment.

Oil Extraction

Extractability of oil was evaluated by solvent extion of the crushed kernel. Crushed kernel inopatm ether (bp
40-60 °C, 10 mL/g) was magnetically stirred at raemperature (22-23 °C) for 3 h, solvent was rerdate45 °C
using a rotary vacuum evaporator to yield the craifleThis process was repeated 2-3 times withsthed cake
using fresh solvent each time in order to extrassinof the oil. The oil was purified prior to trasserification done,
by column chromatography over silica gel (60-12@&meaising a mixture of petroleum ether and ethgtae (20:1)
as the eluent.

Transesterification of Seed Oil

The purified oil was transesterified to fatty aomthyl esters (FAME) using a heterogeneous catdistved from
the trunk ofMusa balbisiana Colla [14, 15]. A mixture of oil in methanol (10uty of oil) and the catalyst (20 wt.%
of oil) was magnetically stirred at room temperat82 °C) and the conversion was monitored by TLke
reaction mixture was filtered under vacuum pump tredresidue washed with petroleum ether and thebowed
filtrate was partitioned between water and petnolezther. The organic phase was washed with brined dver
anhydrous Ng50O, and the solvent was removed under vacuum to yiedtude product which was further purified
by column chromatography over silica gel using 28etroleum ether and ethyl acetate as the eluéw.plrified
product was further subjected to high vacuum toonanthe last traces of solvents to yield pure l@isei (FAME).

Analysisof FAME

Fatty acid methyl esters (FAME) in biodiesel preghfrom Pithecellobium monadel phum seed oil were estimated
using Perkin Elmer Clarus 600 GC-MS. The columndusas Elite 5 MS with dimension 30.0 m x 2p®. The
oven temperature was initially held at 140 °C faniy, increased to 240 °C at 4 °C/min, and themw fiet 5 min.
The injector, transfer and source temperatures 280e°C, 200 °C and 150 °C respectively. Carrier\gas helium
and total scan time 35 min. Gas Chromatogram ofbibdiesel is shown in Fig. 3. El mode of ionizatiwas
applied and mass scan was from 20 to 400 Da. Feottifitation of FAME library search was carried aiging
NIST, NBS and Wiley GC-MS library. Fatty acid piefiof biodiesel fronPithecellobium monadel phum seed oil is
reported in Table 1. ThiH and**C NMR spectra were recorded in CR@t 300 and 75 MHz respectively using
Bruker Avance Il 300 MHz/54 mm NMR spectrometd®.dpectrum was recorded with a Perkin EImer RX4IRT
spectrometer as a thin film on KBr platel NMR (300 MHz, CDC}): 5 0.85-0.88 (m), 1.24 (s), 1.30 (s), 1.59-1.63
(m), 1.99-2.05 (m), 2.29 (tJ37.5 Hz), 2.76 (t, 3=5.7 Hz), 3.65 (s), 5.31-5.36 (MJC NMR (75 MHz, CDC)): §
13.92, 13.96, 22.42, 22.54, 24.78, 25.45, 27.08488.96, 29.00, 29.11, 29.17, 29.19, 29.30,229.43, 29.54,
29.61, 30.77, 31.37, 31.77, 32.35, 33.93, 51.29,71®2 127.87, 129.58, 129.83, 129.87, 130.03, D/£2-IR (thin
film): 735, 880, 1018, 1171, 1197, 1245, 1362, 14B8%59, 1508, 1540, 1651, 1742, 2854, 2925, 3004 dine'H
and**C NMR spectra of biodiesel froRithecellobium monadelphum seed oil are depicted in Fig. 4 & 5.

RESULTSAND DISCUSSION

Pithecellobium monadel phum Kosterm is a huge woody tree which grows as higbametres or even more. The
seed had thin kernel covers which could not be sl easily. As the weight of the covers appeasegfigible, it
was considered appropriate to estimate their gitexdt without dehusking. The tree produces circafat flat seeds
which are small in size but large in number. Oitemt of the seeds with skiny cover is estimateabatut 10 wt.%
only. Free fatty acid from oil sample was removeg dblumn chromatography before transesterification.
Transesterification of seed oil to biodiesel wagied out using methanol as the solvent in preserice catalyst
derived from the trunk dflusa balbisiana Colla [14, 15]. The yield of biodiesel froRithecellobium monadel phum
seed oil was 93 wt.% at room temperature (32 °Gthimv3.5 h. The transesterified products were fiadi by
column chromatography and analyzed. THeand*C NMR spectra were recorded in CR@t 300 and 75 MHz
respectively using Bruker Avance Ill 300 MHz/54 MNMR spectrometer. IR spectra were recorded witleiR
Elmer RX | FT-IR spectrometer as a thin flm on Kiate. Composition of FAME mixture was estimatesing
Perkin Elmer Clarus 600 GC-MS.
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Analysis of FAME of biodiesel from Gmelina arborea seed oil
Fatty acid profile of the biodiesel prepared fr@ithecellobium monadelphum seed oil was determined by GC-MS
analysis. The individual peaks of the gas chronratogFig. 3 were analyzed and the fatty acids weeatified
using MS database. Relative percentage of fattg asiers was calculated from total ion chromatduyalpy
computerized integrator and results are presentethe Table 1. Biodiesel consists of 29.44 wt.%nudthyl
palmitate (C16:0), 38.91 wt.% of methyl linoleate1@:2), 18.77 wt.% of methyl oleate (C18:1), 6.86%v of
methyl stearate (18:0), 2.87 wt.% of methyl araated(C20:0) and 3.13 wt.% of methyl behenate (Q2Z@e
linoleic acid is the major fatty acid followed bwimitic acid and oleic acid. Stearic, arachidic aethienic acids are

present as minor constituents.

Table 1. Fatty acid profile of biodiesel from P. monadelphum seed oail

Retention time (min) FAME wt.%
18.37 Methyl palmitate 29.44
22.37 Methyl linoleate 38.91
22.52 Methyl oleate 18.77
23.09 Methyl stearate 06.85
27.46 Methyl arachidate 02.87
31.66 Methyl behenate 03.13
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Fig. 3. Gas chromatogram of biodiesel from P. monadel phum seed oil

The mass spectra of biodiesel frétnmonadelphum seed oil are shown in Figs. 3a to 3f. Molecular p@aks and
base peaks of the FAME are shown in Table 2 ang déine in the expected values. The molecular iorkpedh

methyl palmitate, methyl linoleate, methyl oleategthyl stearate, methyl arachidate and methyl bateewere
observed at 270, 294, 296, 298, 326 and 354 rdgplchs expected. It is interesting to note tHhthe saturated
FAMEs detected in the biodiesel frof monadelphum (methyl palmitate, methyl stearate, methyl araatédand
methyl behenate) show GEIC(=OH")CH, fragment and appears at m/z = 74 as the base(p@a@%) which is the
result of McLafferty rearrangement [16, 17] duritt,e MS analysis due to a six-member ring structfran

intermediate. Methyl linoleate shows [G#CHCH=CHCH]" fragment which appears at m/z = 67 as the bade pea

(100%). Methyl oleate shows [GHCHCH,CH,]" fragment which appears at m/z = 55 as the bade(16a%).

Table 2. Molecular ion and base peaks of FAME from P. monadel phum seed oil

FAME Molecular ion peak Base peak

(m/z) (m/z)
Methyl palmitate 270 74
Methyl linoleate 294 67
Methyl oleate 296 55
Methyl stearate 298 74
Methyl arachidate 326 74
Methyl behenate 354 74
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Fig. 3a. Mass spectrum of methyl palmitate
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Fig. 3b. Mass spectrum of methyl linoleate
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Fig. 3c. Mass spectrum of methyl oleate
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Fig. 3d. Mass spectrum of methyl stearate
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Fig. 3e. Mass spectrum of methyl arachidate
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Fig. 3f. Mass spectrum of methyl behenate
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Fig. 4. "H NMR spectrum of biodiesel from P. monadelphum seed oil
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Fig. 5. °C NMR spectrum of biodiesel from P. monadelphum seed il

The'H NMR spectrum of biodiesel from. monadelphum seed oil is shown in Fig. 4. The multipleta$.31-5.36
ppm represents the olefinic protons (-CH=CH-). Agéet signal ab 3.65 ppm is representing methoxy protons of
the ester functionality of the biodiesel. The Higlz proton signal of polyunsaturated fatty aglike linoleic acid)
indicates the bis-allylic
7.5 Hz) represents the
(LBEC-) appear as a

generally appears around&®.8 ppm [3, 18]. So, the triplet &t2.76 ppm (t3J=5.7 Hz)

protons (-C=C-Ch-C=C-) of the unsaturated fatty acid chain. Thelétiatd 2.29 ppm (t3J=

a-methylene protons to ester (-eB0O.Me). Thea-methylene protons to double bond
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multiplet até 1.99-2.05 ppm. Thp-methylene protons to ester (¢B8-CO,Me) also appear as a multipletsat.59-
1.63 ppm. The singlet signals &tl.24 and 1.30 ppm are expected for the protorizackbone methylenes of the
long fatty acid chain. The terminal methyl prot¢@sCHs) ats 0.85-0.88 ppm appear as a multiplet.
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Fig. 6. IR spectrum of biodiesel from P. monadelphum seed oil

The®*C NMR spectrum of biodiesel frof. monadelphum seed oil is shown in Fig. 5. The signaldat74.20 ppm
represents the carbonyl carbon of the ester maecof biodiesel and the olefinic carbons appeas 427.73,
127.87, 129.58, 129.83, 129.87 and 130.03 ppmsigral ats 51.29 ppm in thé’C NMR spectrum of biodiesel is
due to the methoxy carbons of esters. The methyern methyl carbons of fatty acid moiety appeaherange
from § 13.92 to 33.93 ppm.

The IR spectrum of biodiesel from monadelphum seed oil is shown in Fig. 6. IR spectrum of biodleshowed a
C=0 stretching band of methyl esters at 1742 amd C-O stretching bands at 1171, 1197 and 1245 The weak
signal at 1651 cihmay due to C=C stretching frequency. Strong ardpskignals at 2854 and 2925 tare due to
C-H stretching frequencies. The absorbance at 8808indicates the =C-H stretching frequency. The oketésn
of an absorption peak at 735 ¢suggested the GHocking.

CONCLUSION

The Pithecellobium monadelphum Kosterm seed oil biodiesel was synthesized by uaifgterogeneous catalyst
derived from the trunk oflusa balbisiana Colla with methanol and was characterized by FT*HRand**C NMR
analysis. The chemical composition of biodiesel watermined by GC-MS analysis. The six fatty acidtiml
esters were identified in the biodiesel frétithecellobium monadelphum seed oil and consists of 29.44 wt.% of
methyl palmitate (C16:0), 38.91 wt.% of methyl lieate (C18:2), 18.77 wt.% of methyl oleate (C186L35 wt.%
of methyl stearate (18:0), 2.87 wt.% of methyl aidate (C20:0) and 3.13 wt.% of methyl behenate2(@R2 The
linoleic acid is the major fatty acid followed bwimitic acid and oleic acid. Stearic, arachidic aethienic acids are
present as minor constituents. The oil may or n@ybe useful as a source for the production ofibs®l but it may
find application for other purposes. Therefore, enmsearch is needed to explore its potentialfutare industrial
oilseeds crop.
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