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Abstract - Biodiesel isfound to be theideal replacement for petroleumdiesel among the alter native fuels. Bio-diesel is
aclean burning fuel, produced from renewabl e resour ces (vegetabl e oils both edibl e and non-edible). It can be used in
Cl engines as a subgtitute for diesel oil with least modifications. It is completely miscible with diesel oil and it can be
blended with diesel oil in any proportion. It isnon-toxic and devoid of sulphur. It is obtained by the transesterification
of vegetable ail. In the present investigation, Pungam (Pongamia Glabra) oil was taken up as the raw material. The
most important process variables affecting the yield of the processare the percentage of excess alcohol required above
the stochiometric requirement, the amount of catalyst used in the reaction and the temperature maintained during the
reaction process. In this work, a parametric analysis was done to determine the optimum conditions, which would
result in maximumyield of esters. These conditionsin turn can be applied for mass production. Fromthisanalysis, it was
concluded that the optimized conditionsare 6: 1 molar ratio of methanol to Pungamail, 1.92 weight percent of volume

of Pungam oil as catalyst (KOH) and 55°C reaction temperature.

Keywords - Biodiesel, catalyst, methyl esters, molar ratio, Reaction temperature, Transesterification.

1. INTRODUCTION

Biodiesel isadomesticrenewablefuel derived from natural
substances like vegetable oils. Vegetable oils have been
tried as an aternative for conventional diesel in diese
engines. The neat vegetable oils have shown good
performance for short-term operation [1]. The major
drawbacks associated in using raw vegetable oil as diesdl
fud for longer operationsare(i). Fue lineand filter clogging
duetofine particles, gumsand waxes, (ii). Polymerization
and partial oxidation during storage of theoil causing an
increasein viscosity, (iii). Polymerization in the combustion
chamber caused by heat and (iv). Improper atomization of
fuel causing poor ignition and combustion characteristics.
These problems occur due to the higher viscosity of
vegetableoils[2].

Modification of vegetabledilsisrequired to eliminate
the above-mentioned drawbacks. Transesterification
process is one of the popular methods, which is widely
used [2, 3]. Generally transesterification processis used to
convert the straight vegetabl e oil to the desired estersand
toremovethefreefatty acids. After thisprocessing, unlike
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straight vegetable oil, methyl esters have physical and
combustion propertiesclosetodiesd ail, and can replaceit
in most current applications. However, it ismost often used
as an additiveto petroleum diesel, improving itslubricity.
Methyl esters operated engines have less metal wear
compared to the petroleum diesel operated engines[4]. Itis
one of the possible candidates to replace fossil fuel as the
world’s primary transport energy source, because of its
renewability and also because it can be transported and
sold using thecurrent infrastructure.

Among the vegetable oils, the non-edible oils would
be less expensive and also would not put pressure on
cooking ail prices. Therefore, wesdlected Pungam ail, which
isnon-edible ail. Thisoil generally used in Soap, Candle,
Fertilizers, Pesticidesand medicinespreparation.

For the past few years much work has been done on
producing methyl esters from various types of vegetable
oils (both edible and non-edible). Thewaste edibleoilsare
also used for producing biodiesd by transesterification
process [5 - 8]. But Pungam ail, which is indigenous to
India, has not been given much attention and even less
research hasbeen involved in analyzing the parameterson
which thereaction is dependent. ThisParametricanalysis
of the transesterification process of Pungam ail isvital in
order to determine the best conditions that result in the
highest yield of ester (biodiesel), without sacrificing
combustion quality.

Our objective is to optimize the process parameters,
which can then be applied for mass production of biodiesel
to reduce the cost.

Pungam-Background

The commonly found avenuetree, Pungam is asmall
tomedium sized fast growing treewith ashort trunk and a
spreading umbrd lalike shady crown with slightly drooping
branches. Common namesfor thisplant areKaranja, Honge
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and Pongamiain India. The leaves are lopped for fodder
and are also popular as green manure for rice sugarcane
fields, areca gardens and coffee plantations. The seeds
yield bitter, reddish brown, thick non-drying, non-edible
oil. Theseed oil isbeing tried asasubstitutefor diesd ail in
eectricity generationin rural Karnataka, India. Thisform of
fuel is used in a project called SUTRA (sustainable
transformation of rural areas) funded by the Indian Ministry
of non-conventional energy and thelocal government. Fatty
acid compaosition of pungam il ispalmitic: 3.7—7.9%, Searic:
2.4-8.9, arachidic: 2.2-4.7, behenic: 4.2-5.3, ignoceric: 1.1—
3.5, dleic: 44.5-71.3, linoleic: 10.8-18.3, and eicosenoic: 9.5
124%[9].

Transesterification Process

Methyl esters are made through a chemical process
called transesterification in which the vegetable oil
containing triglyceride esters of long chain fatty acidsis
converted into mono-alkyl esters of alcohol (generally
ethanol or methanol) along with glycerol asa bi-product.
Diesd has a chain length of 11-13 carbons and vegetable
oilshaveachain length of 18 and wastevegetableoil hasa
chain length of upto 32. Toburnin an enginethechain has
tobebrokentobesimilar in chain length to diesd molecules.

Transesterification works by cracking the vegetable
oil molecules splitting the triglycerides from the
hydrocarbons and shortening the carbon chain. Thechain
reaction equation given is bel ow.

Triglyceri de + Methanol < Glycerol + Fatty acid esters (1)

It breaksthe bond holding thefatty acid chainsto the
glycerin, the glycerin falls away and the fatty acid chains
bond with the methanaol. Thishappensin three stages. First
thefatty acid chain breaksoff the triglyceride moleculeand
bonds with methanaol to form a methyl ester molecule,
leaving adiglyceride moleculei.e. two chains of fatty acids
bound by glycerin. Then a fatty acid chain breaks off the
diglyceride molecule and bonds with methanol to form
another methyl ester molecule leaving a monoglyceride.
Finally the monoglycerides are converted to methyl esters
thus completing the process. Thefirst part of the process
occurs rapidly. But the process proceeds more and more
dowly as it nears completion and never reaches 100%
completion[10].

The methyl esters molecule thus obtained is smaller
and less complex since the triple chain triglyceride
vegetable oil molecule is converted to three single chain
methyl ester molecules. But the chain length of the fatty
acids themselves remains the same. If the reaction is
incomplete dueto inadequatereagent or catalyst or agitation
temperature or processing timethen diglycerides may lead
to coking problems and monoglycerides can lead to
corrosion problems.

Inthe production of biodiesd, itisimportant to optimize
the parametersto get better yield. Freedman. B et al. [10]
studied the effect of reaction variables on the quality of
fatty esters. Antolin G, et al. [11] optimized reaction
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temperature and proportions of reactantsin production of
sunflower methyl esters. Prasad.L et al. [12] carried out the
optimization of transesterification process for biodiesel
production from Jatrophaail. Freedman B., et a. [10] studied
theeffect of catalyst amount, al cohol molar ratioand reaction
temperature on biodiesel production.

Important Parameters

Themost important parametersthat we have taken up
for consideration in the current work, which affect the
transesterification process are:

e  Amount of catalyst

e  Percentage of excess acohal

e  Reactiontemperature

(i) Catalyst

Two types of catalyst are normally employed for the
transesterification process namely acidic catalyst and basic
catalyst [13]. Acidic catalyst hasa slower reaction rate but
can handle large amount of free fatty acids that might be
presentintheoil [14].

Basic Catalyst has faster reaction and al so keeps the
whole process dightly alkaline for neutralizing free fatty
acids. It can beeither NaOH or KOH. TheKOH iseasier to
use as it dissolves easily in methanol and thisis used in
thiswork. This solution, obtai ned by dissolving thecatalyst
in methanol, istermed as methoxide solution and will be
referred to soin thefollowing text. It al so provides apotash
glycerate as a bi-product, which can be used as manure.
Too much catalyst will makeextra soap in the reaction and
the product very alkalinethat isdifficult towash resulting
in thelossof yield or it can ruin thereaction.

After the catalyst attacks the ester bonds breaking
them and leaving an open-ended fatty acid chain the affinity
of thereplacement methanol for the resulting open bond is
strong enough to prevent the glycerin resttaching to the
fatty acid. Excess catalyst will continueto attack ester bonds
even those of product esters. Some of the broken bonds
will mate with the catalyst and form excesssoap. When the
amount of catalystissmall, some of theail isleft unreacted.
The stoichiometric requirement of catalyst wasfound to be
21.315 g/litreand was prepared by the procedure given by
Tickdl J[15].

(ii) Alcohal

Thealcohal that isused for transesterification process
should be inexpensive, should be anhydrous and most
importantly it should not absorb moisture so that
experiments can be conducted in ambient conditions
without much difficulty. Thelast property mentioned above
is extremely important considering the fact that batch
processing isto be carried out where preparations for the
experiments are done in the open. Methanol was chosen
for this work because it can be commercially obtained in
anhydrousform.

The amount of methanol needed will also vary but the
ideal isto use the least amount of methanol necessary in
order to get the highest yield. Excess methanal is needed
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to push the conversion process towardscompletion or else
the processrunsout i.e. reaches equilibrium before al the
triglycerides are converted to esters. The excess methanol
thus acts like a catalyst as it encourages the process and
does not become a part of the final product and can be
recovered afterwards.

(iii) Reaction temperature

Temperature values must be chosen in such away that
the higher end is less than the boiling point of methanal
(=70°C) and the lower end isaround room temperature. The
yield is expected toincrease with increase in temperature
and also the reaction is faster.

Determination of Parameter Values

In this work, the impact of various parameters on the
yield of methyl esters was studied. As mentioned earlier,
the parameters chosen were the amount of catalyst, molar
ratio of methanol and oil and the reaction temperature. By
keeping one parameter constant, the effects of other two
parameterswere studied. To optimizethe parameter values
atotal of 27 experimentsneed to be conducted. The quantity
of ail chosen was 200 ml for a batch. The three catalyst
amounts considered for this work are 1.92%, 2.13% and
2.34% weight by volumeof oil. For methanol the standard
molar ratio of methanol and vegetable oil taken are4.5:1, 6:1
and 9:1. The threetemperatures chosen were40°C, 55°C,
and 65°C. It was observed that about 90% conversion of
oil to ester wascomplete within 30 minutesand thereaction
becomes dower afterwards. The duration of reaction time
was taken as two hours to ensure complete reaction. Thus
the time for the reactions was standardized as two hours
for all thesamples.

2. PROCEDURE FOR EXPERIMENTS
Experimental Setup

The experimental setup consists of a three-necked
round-bottom flask. Theflask iskept in an oil bath heated
by an dectrical heater. Themotor driven stirrer isinserted
into the flask through the center neck. The stirrer passes
through an airtight gland, which prevents the methanol
from escaping out of theflask. A thermocouple isinserted
through the other neck for measuring the temperature of
the oil inside the flask. The thermocouple in turn is
connected to a temperature controller relay, which turns
the heater on / off to maintain constant temperature of the
oil. A variable voltage regulator was also used to regul ate
the voltage applied to the heating coil. The third neck is
used for pouring the oil and methoxide (mixture of catalyst
and methanol) into theflask.

Experimental Process

Theail isheated tothe desired temperature. Thegtirrer
enables uniform mixing of the ail to ensure both uniform
temperature and also better contact with methanol
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molecules. The Potassium Hydroxiderequired isprecisely
weighed and dissolved in the methanol to form the
methoxide solution. This methoxide solution prepared is
poured into the flask. The Pungam Oil on reaction with
methoxide sol ution undergoes a col our change from brown
tobright red indi cating the progressof thetransesterification
process. Thereaction isallowed to continue for two hours.
The reaction mixture is then taken out and is allowed to
separatein aseparating funne. The cloudy |ooking part of
the product is glycerin, which sinks to the bottom, and
methyl ester, whichisatranducent liquid, will remain on
top. The mixture should be allowed to settlefor at least 8
hours. The separation of methyl estersand glycerol occurs
due to the density variation between methyl esters and
glyceral.

Separation and Bubbling Process

The methyl esters obtained is separated and water is
added to the methyl esters gently over the sides so that
tracesof glycerol present along with the methyl estersmixes
with water to form soap and settles down. The processis
repeated until all the impurities are removed completely.
The biodiesdl is then mixed with water and it is gently
agitated through a bubbling processinwhich air ispumped
intothe methyl ester-water mixture. The bubbling process
isdonefor about 30 minutes. Thus, thebio-diesel obtained
after thebubbling processiscompletely devoid of glyceral.
Theyieldisnow measured using agraduated flask.

3. RESULTS AND DISCUSSION

Thepercentagesof yield of methyl esters are presented
as graphs for the different conditions of molar ratios of
methanol to vegetable oil, reaction temperatures and
catalyst amounts. The reaction temperature was indicated
as Tr in the following figures and it isin degree Celsius.
The percentage of yield of methyl esters is calcul ated by
using equation (2).

methyl esters(in ml)
vegetableoil (in ml) usedin thereaction

% of yield:( )xlOO @

Effect of Temperature
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Fig. 1. The Variation of yield of methyl esterswith temperature

[methanol 4.5:1]
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The variation in percentage of the yields of methyl
ederswith thereaction temperaturefor the different amount
of catalyst for amethanol molar ratio of 4.5:1isshown in
Fig.1. Itisobservedthat, theyield of methyl estersreduces
with increasesin temperature and falIsto zero at 65°C for
low catalyst amount. Thisismay bedueto reversereaction
occurring at higher temperatures and less molar ratio of
methanol tovegetable oil inthereaction. It isalso observed
that the % of yield is dightly varied with temperature for
2.13 % and 2.34 % of catalyst amounts.
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Fig. 2. The Variation of yield of methyl esterswith temperature
[methanol 6:1]

Figure 2 shows, the variation in the yields of methyl
esters with reaction temperature at different amounts of
catalyst at a molar ratio of 6:1. It is observed that the
percentage of yield slightly varies with the reaction
temperature. It is also observed that the yidd is dightly
higher for lower catalyst amounts irrespective of
temperature.
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Fig. 3. The Variation of yield of methyl esterswith temperature
[methanol 9:1]

Figure 3 showsthe variation of percentage of yield of
methyl esters with temperature for different amounts of
catalyst at a9:1 molar ratio of methanol to vegetableail. It
is found that the yield of methyl esters increases with
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increase in temperature. Thismay be due to theinfluence
of temperatureon thereaction at higher catalyst amounts.
Small variations in percentage yield of methyl esters are
observed in the case of low amounts of catalyst. It isalso
observed that the yield of the esters reduces with increase
in the amount of catalyst in thereaction.

It is observed that, more yields of methyl esters are
higher at 55°C for most of the experiments.

Effect of Molar Ratio of Methanol
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Fig. 4. The Variation of yidd of methyl esters with methanol
[1.92% of catalyst]

Figure 4 shows the yield of methyl esters variation
with methanal and reaction temperaturefor 1.92% catalyst.
It is observed that the percentage of yield is higher at a
molar ratio of 6:1 compared to other molar ratios. Also, at
40°C, theyield of methyl estersishigh at amolar ratio 6:1
compared lower methanol molar ratiosfor al temperatures.
It isasofound that, thereis no reaction at a temperature
65°C be ow molar ratioof 4.5:1 methanal to vegetableail.
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Fig. 5. The Variation of yidd of methyl esters with methanol
[2.13% of catalyt]

Figure5 showstheyield of methyl estersfor different
amounts of methanol and different reaction temperatures
at 2.13% of catalyst. Theyields of methyl estersaredightly
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lower at lower molar ratio of methanol for all reaction
temperatures. This may be due to insufficient methanol
which isunable completethereaction. Theyield of esters
is observed to be ailmost constant at all molar ratios. The
effect of reaction temperature al S0 seemsto beinsignificant.
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Fig. 6. The Variation of yield of methyl esters with methanol
[2.34% of catalys]

Yields of methyl esters for different molar ratio of
methanol and different reaction temperatures at 2.34% of
catalyst are shown in Fig. 6. The percentage yield of me-
thyl estersdecreases with increasein molar ratio of metha-
nol at temperature 40°C. It may be dueto insufficient tem-
peratures for the reaction to proceed. It is also observed
that thereisa

dight decrease in percentage yield with increase in
molar ratio of methanal .

From this analysis, we conclude that the percentage
yidd of methyl estersishigh at molar ratioof 6:1 compared

to other molar ratioswith a1.92% catal yst amount.

Effect of Catalyst Amount
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Figure 7 shows the variation of yield with different
amounts of catalyst and different reaction temperatures at
methanol molar ratio of 4.5:1. It isobserved that, thereisno
reaction for low catalyst amount and this increases with
increasein catalyst amount at 65°C temperature. Thismay
be due to insufficient catalyst for reaction at that
temperature. It is also observed that maximum yield of
methyl estersfound is at 40°C with low amount of catalyst.
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Fig. 8. The Variation of yield of methyl esters with Catalyst
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1.95%

The variation in yields of methyl esters for different
catalyst amounts and different reaction temperatures is
shown in Fig. 8 for molar ratio of 6:1. It shows that, the
percentageyield ishigh at low catalyst amount for all the
temperatures. It is also observed that maximum yield of
methyl esters occurs at 55°C and low amount of catalyst.
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Fig. 9. The Variation of yield of methyl esters with Catalyst
[methanol molar ratio of 9:1]

Thevariations of yields of methyl esterswith catalyst
amount and thereaction temperatureare asshown in Fig 9.
It observed that thereisnoreaction at atemperate of 40°C
at high amount of catalyst. This may be duetoinsufficient
temperaturefor thereaction.

The percentage yield was found to reduce on further
reduction of catalyst amount from 1.92%. The percentage
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of methyl estersyield for 1.8% of catalyst amount is 62%
and it is less than the corresponding value for 1.92% of
catalyst.

The low yidd of methyl esters is due to the crude
vegetableail taken for thiswork. Generally, yield of Methyl
ester is67%- 87%from crude vegetabl eoils when compared
with the refined vegetable oils which gives yied of 92 -
98% [16, 17]. From the economical point of view, the crude
oil cost is half of that of refined dils. The refining process
increases the cost of vegetable ails.

The properties of Pungam oil and its methyl ester at
maximum yield conditions aregivenin Table 1. Fromthis
table, it is observed that the viscosity of Pungam methyl
esterswas less compared to its origina oil. The calorific
valueishigher for Pungam methyl esters compared to neat
al.

Table 1. Properties of Pungam, its methyl ester and diesd fuel

Propert Pungam| Pungam Fossil

perty oil  |Methyl estersldiesel fuel
Density g/cc 0.934 0892 | 0.821
Viscosity Cst 23.16 5405 | 3.522
Flash point °C 270 250 48
Fire point in °C 220 184 59
Calorificvalue |556,g 30149 | 44310
kJ/kg

4. CONCLUSON

The yield variations for change in acohol volume,
catalyst concentration and temperature have been studied
and the optimal conditionsfor the parameters arefound to
be

Molar ratio of methanol to vegetableoil

Temperature—55°C

Amount of Catalyst — 1.92% by weight of voumedf al.

The properties of methyl esters satisfied the standards
of ASTM specified inliterature[15].
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