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Abstract

In this study, Pithraj (Aphanamixis polystachya) seed (PS) oil was used to produce biodiesel via trans-
esterification process. The PS oil was extracted from seed using a soxhlet solvent extraction technique and the
effect of temperature and heating rate on product distribution was investigated. The PS oil was pretreated
(esterified) to combat the saponification reaction and other associated problems e.g., phase separation. The
transesterification reactions were carried out and the optimum biodiesel yield was found 93.87%, when the
reaction condition was as follows: addition of 50 wt.% methanol, 0.8 wt.% NaOH (both are on the basis of wt.%
of PS oil addition), 60 °C reaction temperature and 90 min reaction time. Biodiesel produced from PS oil was
characterized by various physico-chemical means and compared with international standards. The use of the
produced biodiesel in blend with commercial diesel will bring a remarkable change in fuel economy of the

country, will ensure a clean and safe environment and will demonstrate a way for ‘Waste to Energy’.
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1. Introduction

The global scarcity of fossil fuel, its increasing
cost and pollution associated with conventional fuel
make biomass as an attractive source for renewable
fuel production. Currently, about 86% of the world
energy consumption is met by fossil fuels [1]. Bio-
fuel, produced from biomass, can resolve the issues
of defensible development, energy security and
reduction of greenhouse gas emissions [2]. Among
the biofuel (e.g., biodiesel, bio-oil, bio-ethanol,
biogas etc.), biodiesel can decrease the net carbon-
dioxide (CO2) emissions by 78% on a lifecycle basis
when compared to conventional diesel fuel [3].
Biofuels, predominantly produced from different
biomass in solid, liquid or gaseous forms, have been
increasingly attracting attention as alternative sources
of fuels and chemicals [4]. Among liquid biofuels
e.g., bio-alcohols, vegetable oils, biodiesels, bio-
crude and synthetic oils, biodiesel offers promising
alternative [5]. The use of biofuels decreases the
external energy dependence, promotes regional
engineering, increases research & development,
decreases impact of electricity production and
transformation; increases the level of services for the
rural population, creates employment and so on.
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Biodiesel, mainly fatty acid methyl esters, can
derived from a renewable lipid feedstock. Non-edible
oil from various plant seeds is known as second-
generation feedstock for the production of biodiesel.
Vegetable oil from Jatropha, Rubber, Mahua and
Karanja seeds are the most commonly used for
biodiesel production [6]. Although, the second-
generation biodiesel production focused mainly on
the utilization of oil from seed without much
consideration to residue from the seed after oil
extraction, the proper utilization of these residue as
well as other parts of source plant will reduce solid
waste generation and will lower the total investment
costs.

Vegetable oils (edible/ non-edible), extracted from
seeds, have high viscosity (may be due to presence of
higher molecular weight free fatty acid substances)
which causes major problems in their direct use as
fuels in Internal Combustion (IC) engines. Among
various processes (e.g., trans-esterification, pyrolysis,
micro-emulsification and dilution) to split the oil into
simpler molecules to achieve required viscosity and
other properties comparable to standard diesel oils,
trans-esterification is the most commonly used
commercial process to produce light vegetable oil
fuel i.e., biodiesel [7].
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The process proceeds well in the presence of
homogenous catalysts e.g., NaOH, KOH, H,SO.
etc.[8]. A simplified transesterification process is
shown in Figure- 1. Biodiesel production from -
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Fig. 1: An illustration of trans-esterification reaction for biodiesel
production
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were of analytical grades (Merck, Germany),
purchased from Hatkhola, Dhaka, Bangladesh.

The oil extraction from the seeds can be carried
out through mechanical press or chemical solvent
extraction [8]. In this study, soxhlet solvent
extraction process using n-hexane as solvent was
carried out. The extraction period was 4 hours and
the temperature was maintained at 60 °C. After the
extraction process, a rotary evaporator (Boeco,
Germany) was used to evaporate and collect the used
solvent. The overall steps from seed collection to oil
extraction is illustrated in Figure-2 and a details of
the description is reported in the oil extraction section
of our previous study by Hasan et al. [14] and also
reported by Setapar et al. [15].

Fig. 2: An overall process illustration from seed collection to raw oil extraction system

Jatropha oil [9], Pongamia oil [10], Cornus wisoniana
oil [11], Cerbera oil [12], Rubber seed oil [13] etc.
had been reported and the yield was found 85-96%.
Although non-edible renewable pithraj (Aphanamixis
polystacya) seed and oil from it is accessible in many
parts of Bangladesh, so far, no study on the
production of biodiesel from it has been reported.
The oil content in the pithraj seed is about 43-46%
which is comparable to other non-edible seeds like
Jatropha seed, rubber seed and the weather and soil
conditions of Bangladesh is suitable for the
cultivation of this plant around the country. Hence,
biodiesel from pithraj seed oil will be a cheap and
marginal substitute to diesel fuel. Hence, this study
aims to produce biodiesel from pithraj seed oil, to
evaluate its physico-chemical properties and to
compare it with international standards.

2. Materials and Methods

2.1. Collection and Processing of Seeds for Oil
Extraction

The mature Pithraj Seeds (PSs) were collect from
the local area of Badargonj Upazila of Rangpur
District of Bangladesh. Raw PSs were de-hulled
manually to separate the kernels from its shell. Then,
the outer layer was removed from the kernels and the
cleaned seeds were sundried, grinded, and sieved to a
uniform size of < 0.4 mm. The grinded seeds were re-
dried in oven at 105 °C for four hours and then kept
in a desiccator until use. Chemicals including n-
hexane, NaOH, H,SO,, methanol used in this study

2.2. Acid Catalyzed Esterification

The raw oil extracted from seeds generally
contain certain amount of free fatty acids (FFA),
however, if the oil or fat feedstock has a FFA content
of over 3 wt. %, a pre-treatment step is necessary
before the transesterification process (alkali-
catalyzed) for biodiesel production. Higher acid value
i.e., higher percentage of FFA content in raw oil is
one of the major drawbacks for biodiesel production
directly from vegetable oil. The acid value of PS oil
was found 5282 mg KOH/g, which was
unfavourable for direct base-catalyzed
transesterification. Hence, a two-step process
compromising acid esterification process (acid-
catalyzed) followed by alkali-catalyzed
transesterification was used. An acid catalyzed
esterification process can reduces the FFA content
(i.e., minimize the acid value) of the crude oil below
3%. To do this, a round bottom flask with a
condenser attached to the neck of the flask was taken.
Methanol and H,SO4 were used as esterifying agent
and catalyst, respectively.

To carry out the acid-catalyzed esterification
process, our previously studied optimum condition
for esterification of Jatropha seed oil [16] were
implemented which was as follows: oil to methanol
ratio of 1: 0.9 (wt.% basis), oil to H,SOy ratio of 1:
0.023 (wt.% basis), reaction temperature of 60°C,
reaction time for 90 min and maintain continuous
magnetic stirring of 400 rpm. After allowing the
mixture to settle for 12 hr, two distinct layers formed
where the bottom layer contained the esterified oil,
which were collected (using a separating funnel), for
transesterification process.
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2.3. Base catalyzed transesterification

For base-catalyzed transesterification process, a
three-necked round bottom flask (one neck was for
charging raw materials e.g., esterified oil, catalyst
and methanol and the other two of these necks were
fitted with a condenser and a thermometer,
respectively) was used and for uniform heating, the
whole arrangement was kept in an oil bath. In the
flask, required amount of esterified oil, methanol and
catalyst were taken and the mixing (at 400 rpm using
magnetic stirrer) were carried out at 60 °C for 90 min.
Methanol and NaOH were added in the following
ratio: 50 wt.% methanol, 0.8 wt.% NaOH (both are
on the basis of wt.% of PS oil addition) [16] and the
biodiesel yield was found 93.87%.

The produced methyl esters and glycerin via
transesterification process were allowed to settle in a
separating funnel for 8 hours. The upper layer in the
separating funnel (biodiesel part) were separated out
from bottom layer (glycerin, gums etc.) and was
purified by distilling the residual methanol at 60°C.

The produced biodiesel was then washed with
distilled water to remove remaining catalysts and to
neutralize the pH of the biodiesel. Finally, the
produced biodiesel was dried using a rotary
evaporator and then stored and characterization and
related experiments were carried out.

2.4. Characterization of oil and biodiesel from
Pithraj Seeds

The PS Oil as well as produced biodiesel were
characterized to evaluate the quality of oil and
feasibility to use as a fuel. Viscosity (both of raw oil
and biodiesel) at 40°C and 100°C was measured
using a capillary U-tube viscometer (COMECTA,
Spain) keeping in a heating bath (Selecta VB-1423,
Spain) following the procedure of ASTM D445-65
method.

For flash point determination, ASTM D64-50
method was followed with a flash point tester
(Eralytics, Austria). Pour point and acid value were
determined following ASTM D97-57 and D974-02
methods, respectively. Density of the oil and
biodiesel was measured using a pycnometer (25 mL)
at 15°C. A bomb calorimeter (Model-NW 21, Julius
Peter, Berlin, Germany) was employed to measure
the calorific value.

2.5. FTIR Spectra of PS oil

Different functional groups present in the PS oil
and biodiesel were measured with a FTIR
Spectrophotometer (Shimadzu, Japan). The IR light
passed through the sample within the web number
range of 400 cm™ to 4000 cm™™.
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3. Results and Discussions

3.1. Effect of Extraction Time on PS Oil Yield from
Seed

Oil from the PS was extracted with solvent
extraction technique (using n-hexane) as solvent.
Among various solvents for oil extraction, n-hexane
gives relatively higher oil yield [17]. Here the oil
extraction was carried out for three different periods
of time: 2 hr, 4 hr and 6 hr. The oil yield was 33.5 %,
44.12% and 46.03% for 2 hr, 4 hr and 6 hr extraction
period. An increase in 2.04% oil yield occurred for
six hr extraction period in comparison to 4 hr
extraction time, which was not significant. Hence,
four hours extraction time was used for further oil
extraction in this work.

3.2. Physicochemical Characterization of Extracted
PS Qil

The physicochemical parameters of PS oil have
been listed in Table-1. The color of the oil was pale
yellow. The kinematic viscosity of the oil was found
28.57 cSt at 40 °C, which was high enough to restrict
direct engine application. Therefore, it was required
to transform vegetable oil into corresponding methyl
esters to reduce the viscosity in desired level [14].
For biodiesel production from PS oil, acid catalyzed
esterification was required prior to base-catalyzed
transesterification as due to higher acid value as well
as Free Fatty Acid (FFA) content. The FFA content
was found 28.84%, which was needed to be
minimized below 3% as high FFA could cause

saponification during base catalyzed

transesterification [18].

Table-1:

Physicochemical parameters of Pithraj seed (PS) oil
Parameters Units Values
Color - Amber /

pale yellow
Density at 15 °C gm/cc 0.85
Kinematic 40°C cSt 28.57
Viscosity 100 °C cSt 6.74
Pour point °C <-18
Flash point °C 31
Acid Value mg KOH/g | 52.82
Free Fatty Acid (FFA) % 28.84
(0.546 times of acid value)
Calorific Value MJ/kg 39.50

3.3. FT-IR Spectra Analysis of PS Qil and Produced
Biodiesel

To determine the functional groups presence in
the extracted pithraj seed oil as well as biodiesel
produced from the oil by transesterification process,
the FTIR Spectroscopic analysis method was
employed. Appropriate quantities of KBr and pithraj



46

seed oil (in the ratio of 100:0.1) were mixed by
grinding in an agate mortar and pellets were made
with about 100 mg mixture. FTIR relies on the fact
that the most molecules absorb light in the IR-region
of the electromagnetic spectrum. This absorption
corresponds specifically to the bonds present in the
molecule.

Figure-3 represents the FT-IR spectrum of the PS
oil where the most dominant peak was observed at
2916.37 cmtindicates the C-H stretching vibration of
fatty acids carbon chains. As this type of bonding is
prominent in oil, the area covered by this peak is also
larger than other peaks. The second dominant peak is
at 1782.23 cm, which basically denotes the C=0
stretching vibration of fatty acids present in the oil
[14]. Peak at 1620.21 cm* confirms the existence of
unsaturated fatty acid in the oil as peak at that point
is present due to C=C stretching vibration of alkene.
All peaks below 600 cm are basically from the trace
amount of inorganic compounds present in the oil
mixture [19].
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Fig.3: FTIR spectra of Pithraj seed oil

Table-2:
Analysis of FT-IR peaks of PS oil
Peak (cm™?) Functional group
632.7, 682.8 Inorganic Compounds
956.69, C-C(0)-C stretching vibration of alcohol,
1041.56, ester
1149.57,
1161.15
1361.74, C-H bending vibration of alkanes
1373.32
1620.21 C=C stretching vibration of alkene
1782.23 C=0 stretching vibration of ester,
aldehyde, carboxylic acid, o, B-unsaturated
ketone
2916.37 C-H stretching vibration of fatty acids
carbon chains
3178.69 O-H stretching vibration of strong broad
carboxylic acid
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Figure-4 illustrates the FT-IR spectrum of the PS
oil where the major dominant peaks were observed at
1762.94 cm? and 2920.12 cm? indicate the ester
(C=0) of PS oil biodiesel and C-H stretching
vibration of medium alkane (SP® absorption),
respectively.
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Fig. 4: FTIR spectrum of produced biodiesel from PS oil

Table 3:
Analysis of peak obtained in FTIR of Pithraj seed oil Biodiesel:

Peak Functional group

(cm™)

601.79 C-Br stretching vibration of strong halo
compound

995.27 C=C bending vibration of strong alkene

1465.9 C-H bending vibration of medium alkane (-CH,-)

1670.35 C=C stretching vibration of weak alkene

1762.94 C=0 stretching vibration of carbonyl group of
triglyceride

2920.12 C-H stretching vibration of medium alkane (SP*
absorption)

3221.12 C-H stretching vibration of medium alkane

3471.87 O-H (Hydrogen bonded)

The FT-IR spectra of the PS oil and biodiesel
produced from it are comparable to each other
because of the presence of triglycerides and esters.
However, some differences were observed where the
peaks appeared at 956.69, 1620.21, 1782.23 and
2916.37 cm* in the PS oil were shifted to 995.27,
1670.75, 1762.94 and 2920.12 cm? in the biodiesel
respectively. Furthermore, the disappearance of the
peaks from the spectrum of the PS oil at 1041.56,
1149.57, 1161.15, 1361.74 and 1373.32 cm™ and the
formation of new peaks at 1465.9, 1670.35 and
3221.12 cm? in the produced biodiesel evidently
confirm the conversion of PS oil into biodiesel.
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3.4.  Physico-chemical

Produced Biodiesel

Table 4:

Characterization

of

Competitive physico-chemical properties of bio-diesel produced from PS oil

Properties Unit Bio-Diesel from PS oil Bio- diefgg]Standard Comme[rzc(i)zill diesel
Kinematic 40°C cSt 2.48

Viscosity 100°C st e 1.9-6 6.06

Pour point °C °C -9.0 -15~16 -10

Flash point °C °C 145 100-170 70
Density at 15 °C glcc 0.895 0.86~0.90 0.8445

Acid value mg KOH/g 0.63 0.80 (max.) 0.34
Calorific value MJ/Kg 38.90 40.20 44.50

The physico-chemical properties of the
produced biodiesel differ from raw PS oil from
various aspects. For instance, the Kkinematic
viscosity of PS oil was 28.57 ¢St and 6.74 cSt at
40°C and 100°C,

Pour point, the fluidity behaviour of a fuel at
low temperature, of the produced biodiesel was
found -9°C, which is in the range of the standard
set for biodiesel as well as almost close to the pour
point value of commercial diesel (-10°C). Flash
point, the temperature at which the fuel starts to
ignite, of the produced biodiesel was found 145 °C.
Higher flash point of a fuel is considered as safe
fuel and indicates that the fuel contains lower
volatile components.

The presence of free acid in the fuel can affects
the lubrication system and promotes corrosion in
the engine [21]. Some unreacted fatty acids from
the oil may stay in biodiesel mixture. The
maximum acid value allowed is 0.80 mg KOH/g to
inject in an engine. Here, the produced biodiesel
showed 0.63 mg KOH/g as the acid value, which
was satisfactorily lower than the maximum value.

The calorific value, a measure of energy
produced by burning a unit mass of a fuel, of the
produced biodiesel was found 38.90 MJ/Kg, which
is very close to the biodiesel standard and lower
than the commercial diesel. One of the reasons for
lower calorific value of biodiesel compared to
standard bio-diesel and commercial diesel may
presence of the higher oxygen in the composition.
However, higher oxygen content leads to complete
combustion in the engine [22].

4. Conclusion

In this study, biodiesel was produced from
locally available Pitharj seed. The findings are-

1. Well-known trans-esterification process was
employed for biodiesel from pithraj seed oil -
and the maximum vyield was found 93.87% at
60°C reaction temperature.

2. The physico-chemical properties of PS oil and
produced biodiesel from this oil were
determined and compared with those of typical
diesel fuel. The properties of produced biodiesel
were on the brink of commercial diesel fuel and
in some cases (e.g., flash point), produced
biodiesel has better characteristics than those of
diesel.

However, commercialization of the produced
biodiesel requires more intensive study including
pilot scale production and techno-economic
feasibility study. Moreover, engine performance
and emission characteristics of the produced
biodiesel are yet to explore. Facing these
challenges, PS oil biodiesel can be a competitive
source of fuel in Bangladesh.
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