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Biodiesel was pre pared from the non-ed ible oil of Pongamia pinnata L. by
transesterification of the crude-oil with meth a nol in the pres ence of NAOH as cat a -
lyst. Veg e ta ble oils can be transesterified by heat ing them with a large ex cess of an -
hy drous meth a nol and an acidic or ba sic re agent as cat a lyst. Both the acid as well
as al ka line esterifications were sub se quently per formed to get the fi nal prod uct. A
cat a lyst is usu ally used to im prove the re ac tion rate and yield. NaOH was found to
be a better cat a lyst than KOH in terms of yield. In a transesterification re ac tion, a
larger amount of meth a nol was used to shift the re ac tion equi lib rium to the right
side and pro duce more methyl es ters as the pro posed prod uct. Sev eral as pects in -
clud ing the type of cat a lyst (al ka line, acid, or en zyme), al co hol/veg e ta ble oil mo lar
ra tio, tem per a ture, pu rity of the re ac tants (mainly wa ter con tent) and free fatty acid 
con tent have an in flu ence on the course of the transesterification. A max i mum con -
ver sion of 94% (oil to es ter) was achieved us ing a 1:10 mo lar ra tio of oil to meth a -
nol at 60 to 65 °C. Im por tant fuel prop er ties of methyl es ters of pongamia oil
(biodiesel) com pare well with ASTM stan dards.
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In tro duc tion

Pongamia oil is de rived from pongamia tree, found ev ery where in In dia up to an al ti -
tude of 1200 m with a max i mum height of 16 m. Each shell of the fruit con tains 1 to 2 kid ney
shaped brown ish red ker nels as shown in fig.1. It is a non-ed ible oil [1].The oil is squeezed from
the seeds (nuts) of pongamia con tains in a shell. The oil con tent of the ker nel is 30-40 %. In all
oils two sat u rated ac ids, palmitic and stearic, and two un sat u rated ac ids, oleic and linoleic, are
com monly pres ent. Pongamia oil con tains oleic acid (44.5-71.3%) as the ma jor fatty acid fol -
lowed by linoleic (10.8-18.3%), palmitic (3.7-7.9%), and stearic (2.4-8.9%) ac ids.

The most com monly used oils for the pro duc tion of biodiesel are soy bean, sun flower,
palm, rape seed, cot ton seed, and jatropha. Most of these oils are ed ible ex cept jatropha [2]. From 
the biginning of die sel en gines the var i ous pos si bil i ties of us ing pongamia oil as a fuel has been
invesigated [1, 3-8]. Pongamia oil is pop u lar due to its low cost and ready avail abil ity. How ever, 
as for other oils there are lim i ta tions in the use of this non-ed ible oil as fuel. Its high vis cos ity
and poor com bus tion char ac ter is tics can cause poor at om iza tion, fuel in jec tor block age, and ex -
ces sive en gine de posit, and en gine oil con tam i na tion. With the esterfication of oil we can get
better fuel prop er ties [9] rather than us ing straight veg e ta ble oil (SVO) as a fuel.

In In dia the ever in creas ing de mand of ed ible oils for the food pre vents their use in
biodiesel prep a ra tion. How ever, non-ed ible oils are af ford able for biodiesel pro duc tion. Biodiesel
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is syn the sized from oils and fats [9] by us ing ei ther
chem i cal or biocatalysts. Chem i cally, the re ac tion is 
cat a lyzed by ei ther an acid or a base. The
transesterification re ac tion of tri glyc er ides is known 
to be a three step pro cess. The ki netic stud ies of
transesterification of soy bean, sun flower [10], palm
[11], rape seed [12], and monoglycerides of
pongamia oil [13] have been re ported. More re -
cently re search on alcoholysis of oil has fo cused on
the use of het er o ge neous cat a lysts. Zeolites and
metal cat a lysts have also been used for the
transesterification of soy bean oil [14]. Even though
base cat a lyzed transesterification of oils is the
widely ac cepted method of pre par ing biodiesel, the
chem i cal prop er ties and pu rity of oil war rants com -
plete op ti mi za tion of the re ac tion con di tions. This

pa per re ports for the first time de tails of the pro cess of base cat a lyzed transesterification of crude
pongamia oil with meth a nol. The fuel prop er ties of pongamia oil methyl es ters (biodiesel) on com -
par i son with those of ac cepted biodiesel stan dards in di cate that esterification of oil does im prove
its prop er ties mak ing it sim i lar to die sel.

Meth ods

The pro duc tion pro cesses for biodiesel are well known. Dif fer ent ways to re duce vis -
cos ity in clude di lu tion, microemulsification, py rol y sis, cat a lytic crack ing, and transesterifica-
tion [15, 16]. Be cause of the sim ple pro cess and glyc erol ob tained as by prod uct, which has a
com mer cial value, transesterification is pre ferred over oth ers.

There are three ba sic routes to biodiesel pro duc tion from oils and fats:
– base catalyzed transesterification of the oil,
– direct acid catalyzed transesterification of the oil [17], and
– conversion of the oil to its fatty acids and then to biodiesel.

Most of the biodiesel pro duced to day is done with the base cat a lyzed re ac tion for sev -
eral rea sons:
– it is carried at low temperature and pressure,
– it yields high conversion (98%) with minimal side reactions and reaction time,
– it is a direct conversion to biodiesel with no intermediate compounds, and
– no exotic materials of construction are needed.

Base cat a lyzed transesterification

The chem i cal re ac tion for base cat a lyzed biodiesel pro duc tion is de picted be low. One
hun dred li ters of fat or oil (such as soy bean oil or pongamia oil) are re acted with 18-20 li ters of a
short chain al co hol in the pres ence of a cat a lyst to pro duce 18-20 li ters of glyc erin and 100 li ters
of biodiesel. The short chain al co hol, sig ni fied by ROH (usu ally, meth a nol, but some times eth a -
nol) is charged in ex cess to as sist in quick con ver sion. The cat a lyst is usu ally so dium or po tas -
sium hy drox ide that has al ready been mixed with the meth a nol (called as so dium methoxide).
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Fig ure 1. Shape of pongamia ker nels



R', R'', and R''' in di cate the fatty acid chains as so ci ated with the oil or fat which are largely
palmitic, stearic, oleic, and linoleic acids for naturally occurring oils and fats.

The biodiesel re ac tion

Transesterification of crude-oil of pongamia pinnata

Transesterification of crude pongamia oil us ing NAOH

To one litre of crude pongamia oil, a known amount of
cat a lyst NAOH, 8 to 10 g (1 wt. %) dis solved in the re quired
amount of meth a nol was added [13, 18]. The tem per a ture i.
e. 45 or 60 °C was main tained as de sired through out the ex -
per i ment. Sam ples were taken in to de cant and al lowed to
set tle down glyc erin at the bot tom as shown in fig. 2. The oil
from de cant is col lected af ter the re moval of glyc erin and
washed with wa ter (500-2000 ml) to re move unreactive
base, glyc erin, and trace amount of soap. The col lected
pongamia mehyl es ter may vary from 700 to 950 ml.

Wa ter Wash ing

The sam ple is col lected in to a glass cup and in to it 500 ml
of wa ter is added. An ortho-phos pho ric acid of 5 to 10 drops
are added into it to avoid soap for ma tion. With the help of air
bub bles the above mix ture is washed. This pro cess is re peated
till we can see clear wa ter in the mix ture, is sep a rated and
formed as a bot tom layer when it is again taken into de cant as
shown in fig. 3.

The amount of glyc erin col lected var ies from 200 to 350 ml
based on the meth a nol ra tio with re spect to pongamia oil. 

Re sults and dis cus sion

Ef fect of mo lar ra tio of oil: meth a nol and tem per a ture on
transesterification of pongamia oil

The stoichiometry of the transesterification re ac tion re quires 3 moles of al co hol per
mole of triglyceride to yield 3 mole of fatty es ters and 1 mole of glyc erol [19]. To es ti mate the
mo lar ra tio the mo lec u lar weight of crude-oil is taken as 887.5 [20] and the den sity is 0.925 kg/l.
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Figure 2. Settling of glycerin after
base treatment

Figure 3. Pongamia oil collected at
the top

            CH2OCOR'''                                              CH2OH          R’COOR

                                                        Cat a lyst
            CH2OCOR'' + 3ROH                                CH2OH    +   R''COOR

            CH2OCOR’                                               CH2OH         R'''COOR

            Oil or fat        Al co hol                              Glyc erin        Biodiesel



With two dif fer ent mo lar ra tios of pongamia 
oil to meth a nol (1:6 and 1:10) at 45 °C dur ing
transesterification of pongamia oil was stud ied
(fig. 4). At a mo lar ra tio of 1:6 a max i mum con -
ver sion 80% was ob served whereas at 1:10 mo -
lar ra tio the con ver sion was 85% with an ini tial
lag time.

The ini tial lag phase is usu ally at trib uted to
trans port ef fects re quired to trans fer the meth a -
nol into the oil phase. At a mo lar ra tio of 1:10
(oil: meth a nol), in creas ing the re ac tion tem per -
a ture from 45 to 60 °C re sulted in a sig nif i cant
in crease in con ver sion from 85 to 94% (fig. 5). 

It is im por tant to note that crude pongamia
oil was used in this study for biodiesel prep a ra -
tion. The de gree of re fine ment of the veg e ta ble
oil af fects the yield of es ter for ma tion [18, 21,
22]. The con ver sion can only be ex pected to im -
prove when re fined pongamia oil is used. Us ing
al ka line cat a lyst (0.5% of NaOH or methoxide)
at 60 °C and a mo lar ra tio of 1:6 (oil:meth a nol)
with fully re fined oils re sulted in com plete con -
ver sion to methyl es ters in 1 hour but at a mod -
er ate tem per a ture (32 °C) these oils were
transesterified up to 99% in 4 hours. Palm oil
was transesterified with 1 wt.% KOH at 60 °C
and a mo lar ra tio of 1:6 (oil:meth a nol), us ing a
con tin u ous stirred tank re ac tor [11, 21] to give a 
yield of 58.8% of methyl es ter at a re ac tor res i -
dence time of 40 minures which in creased to

97.3% at a res i dence time of 60 min utes. Biodiesel from rape seed oil [12] was pre pared in super -
criti cal meth a nol at a mo lar ra tio of 1:42 (oil:meth a nol) in the ab sence of cat a lyst where the tem -
per a ture was as high as 240 °C . The con ver sion was 95% af ter 240 s. Fatty acid methyl es ters
from jatropha oil were pre pared (92% yield) in a two step pro cess with an oil to meth a nol mo lar
ra tio of 1:4.5 at 30 °C  and re ac tion time of 10 hours. The op ti mized con di tions for
transesterification of heated re fined sun flower oil and used fry ing oils were reported re cently
[23-24]. The methanolysis of dif fer ent used fry ing oils were per formed at 25 °C with 0.5-1.5%
(KOH or NaOH) with a mo lar ra tio of oil to meth a nol as 1:4.5, 1:6, and 1:9 and 1% KOH, 25 °C,
1:6 mo lar ra tio was found to be op ti mum. 

Fuel prop er ties of fatty acid methyl es ters in
com par i son with pongamia oil and die sel

The two im por tant fuel prop er ties are vis cos ity and flash point of methyl es ters of
pongamia oil were found to be 4.71 Cst (40 °C) and 170 °C (tab. 1), re spec tively. Pongamia oil
it self has a high vis cos ity of 74.14 Cst (30 °C) which drops down dra mat i cally on
transesterification to 4.71 Cst (40 °C). Both these prop er ties meet the spec i fi ca tions of ASTM
and Ger man biodiesel stan dards.
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Figure 4. Conversion of pongamia oil to fatty
acid methyl esters at two different molar ratio of
1:10 and 1:6 (oil:methanol) at 45 °C)

Figure 5. Conversion of pongamia oil to fatty
acid methyl esters at two different temperatures
45 and 60 °C at 1:10 (oil:methanol) molar ratio



Ta ble 1. Fuel prop er ties ac cord ing to pongamia FAME, ASTM, and Ger man biodiesel stan dard

Pa ram e ters
Pongamia

FAME
ASTM stan dard for

100% biodiesel
Ger man biodiesel stan dard

DIN V51606

Vis cos ity [Cst]
4.71

(40 °C)
1.9 to 6.0

3.5 to 5.0
(40 °C)

Acid value [mg KOHg–1] 0.62 0.80 maximum 0.5

Flash point [°C] 170 130 minimum 100 minimum

Cetane num ber 57 48-65 >51

Den sity [gcm–3] 0.885 0.875-0.89 0.82-0.86 at 15 °C

Con clu sions

Crude pongamia oil was transesterified us ing NAOH as cat a lyst and meth a nol to form
biodiesel. The con ver sion  was 94%  at  60 °C with  1:10 mo lar  ra tio (oil:meth a nol) for NAOH (1 
wt.%) cat a lyzed transesterification. The fuel prop er ties es pe cially vis cos ity (4.71 Cst at 40 °C)
and flash point (170 °C) of the transesterified prod uct (biodiesel) com pare well with ac cepted
biodiesel stan dards i. e. ASTM and Ger man biodiesel stan dards.
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