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Characterization of bio-Oil produced by Microwave
Pyrolysis of Karanja Seed.
A. Mathiarasu, M. Pugazhvadivu
Abstract: Pyrolysis is one technique that produces three
products in a short span of time in which both conventional and
non-conventional method of heating (microwave irradiation) can
be done. Karanja seed powder is taken as the feedstock in this
microwave pyrolysis experiment. Proximate and Elemental
analysis of karanja seed powder resulting volatile content of
about 84.89% and moisture content of 10.11% whereas the
Carbon of 52.08%, Hydrogen of 8.26%, Sulphur of 0.21%,
Nitrogen of 4.02% and oxygen of 35.04%. Microwave pyrolysis
for karanja seed was conducted for two power inputs of 700W
and 800W in which bio-oil yield is high of 47% at 700W and noncondensable gases of 39% at 800W. The FT-IR results resembles
the presence of aliphatic compounds. The TGA analysis was also
taken for the produced bio-oil. The rheological study was made to
determine the dynamic viscosity of the produced bio-oil at 50 rpm
in room temperature which is averaged to 52 cP. The flash point
of 90°C and fire point of 94°C was also determined for the
produced bio-oil.
Keywords:Dynamic viscosity, FT-IR, Karanja seed, Microwave
pyrolysis.

I. INTRODUCTION
Majority of our energy and chemical source are mostly
based on fossil materials. Our dependence on fossil energy
is at its extinct condition right now. Reducing usage of such
energy resources reflects in reduction in greenhouse gas
emissions. On substituting fossil resources, biomass which
is a renewable energy resources can be used in production of
bio fuels and other chemical that are said to be an efficient
energy source. Biomass satisfies about 14% of world’s total
energy needs and the conversion of the biomass to fuel and
petrochemicals is one of the effective alternate to replace
other sources like the fossil fuel, oil and coal with less
damage to environment[1].
Pyrolysis is one among some of the techniques that is
used in energy recovering process. In absence of oxygen,
thermal decomposition of biomass resulting in production of
liquid product, gaseous products and char residue is called
pyrolysis[2], [3]. Various works done by thermal pyrolysis
using some biomass like Rice Straw[4], Barley biomass [5],
corn cobs and Stover[6]etc.
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Microwave pyrolysis is a technique in heat is generated
through the interaction of molecules or atoms using a
microwave irradiation powered by electricity using a
magnetron [7]. By interaction of molecules energy transfer
occurs within the material thus pyrolysis done using
microwave irradiation obtains more uniform distribution of
heat on comparing to conventionally heated pyrolysis.
This uniform distribution of heat enables the feedstock to
get completely decomposed resulting in higher yield of end
products[8].
Karanja seeds originates as Indian species which possess
vast application for all branches of the tree, the seeds are 10
to 20 mm long, fig oblong and light brown color. It is a tree
adaptable to various climatic conditions and soil type. This
has good application as biofuel[9], [10]. Usage of karanja
seed for production of an effective source of bio-fuel
production interests’ researchers to work on it. Nayan et
al[9]analyzed the effect of pyrolysis temperature on the slow
pyrolysis of karanja seed and reported that the yield of biooil was maximum (33% of the weight of karanja seed) at
550°C. Karanja seed is also used in production of
biodiesel[11]. On using catalyst, thermal pyrolysis of
karanja seed results in higher production of liquid fraction
[12].
II. MATERIALS
The karanja seeds were procured in Salem, India. The
seeds were extracted manually from the shell, milled and
sieved to the size of 2 mm. Fig 1 shows the karanja seed
with shell and the seed powder.

Figure 1: a) Karanja seed, b) seed powder
The proximate analysis is determined using a muffle
furnace. The moisture content, volatile matter, fixed carbon
and ash contents of the karanja seed. Elementar CHNS
analyser is used for elemental analysis i.e. to determine
Carbon, Hydrogen, Nitrogen, Sulphur and Oxygen contents.
The high heating value of the karanja seed powder is
calculated using [13],
HHV= 0.3491(Carbon%)+1.1783(Hydrogen % )+
0.1005(Sulphur %)+0.1034(Oxygen
%)+0.0151(Nitrogen %)+0.021(Ash content %).
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The hydrogen carbon ratio and nitrogen carbon ratio of
the karanja seed powder is calculated by Eq.1 & 2
respectively as follows[14].
H/C ratio = {

N/Cratio={

𝑾𝒕.% 𝒐𝒇 𝑯𝒚𝒅𝒓𝒐𝒈𝒆𝒏
𝑨𝒕𝒐𝒎𝒊𝒄 𝒘𝒕.𝒐𝒇 𝑯𝒚𝒅𝒓𝒐𝒈𝒆𝒏
𝑾𝒕.% 𝒐𝒇 𝑪𝒂𝒓𝒃𝒐𝒏
𝑨𝒕𝒐𝒎𝒊𝒄 𝒘𝒕.𝒐𝒇 𝑪𝒂𝒓𝒃𝒐𝒏

𝑾𝒕.% 𝒐𝒇 𝑵𝒊𝒕𝒓𝒐𝒈𝒆𝒏
𝑨𝒕𝒐𝒎𝒊𝒄 𝒘𝒕.𝒐𝒇 𝑵𝒊𝒕𝒓𝒐𝒈𝒆𝒏
𝑾𝒕.% 𝒐𝒇 𝑪𝒂𝒓𝒃𝒐𝒏
𝑨𝒕𝒐𝒎𝒊𝒄 𝒘𝒕.𝒐𝒇 𝑪𝒂𝒓𝒃𝒐𝒏

}----- (1)

}-------(2)

III. METHODODLOGY
A. Microwave pyrolysis experimental setup
A domestic microwave oven is used for microwave
pyrolysis of karanja seed which maximum input power of
800W. A triple- neck round bottom Quartz flask with a
volume capacity of 250 ml is used to hold the feedstock
because of its microwave resistivity nature. Left neck of the
round bottom flask with N2 cylinder. Middle neck of the
flask is connected to two allihn condensers. The ends of the
condensers are connected to two conical flask of 100 ml
capacity for collection of condensed liquid products. A Ktype thermocouple with temperature with indicator is
connected to the remaining neck of the flask. Essential holes
are made using drilling process on the top surface of the

ovenfor connecting the condenser, k-thermocouple and
nitrogen inlet as shown in figure 2 [15].
The quartz round bottom flask is filled with 100 gm of
karanja seed powder and placed inside the microwave
cavity. For about 7 minutes N2 gas is purged to the quartz
flask before the pyrolysis experiment gets started to make it
zero-oxygen zone. The nitrogen flow is nonstop until
microwave pyrolysis process gets completed. At a constant
rate water is circulated as coolant to the two alihn
condensers which are connected to the middle neck of the
flask were the volatiles passes through. The reaction
temperature is monitored using the k-type thermocouple and
the indicator. The produced pyrolytic bio-oil by microwave
pyrolysis is collected and weighed for every experiment
conducted. Once the quartz flask comes to room temperature
the bio- char is calculated by a weighing machine. The
uncondensed gas is left into atmosphere. The percentage
distribution for bio-oil product yields, char product yields
and gaseousproduct yields are calculated as shown in Eqn
(1), (2) and (3) respectively.
% Liquid yield= (Liquid yield/ weight of karanja
seed powder) x 100
--------(1)
% Char residue = (Char residue/ weight of karanja seed
powder 100 -------(2)
% Gas yield =100- (% Liquid yield + % Char residue)--(3)

Figure 2 Microwave Pyrolysis experimental setup
B. Thermogravimetric Analysis (TGA).
To determine its thermal decomposing behavior of
the karanja seed, Thermogravimetric Analysis (TGA) is
carried in N2 atmosphere. Simultaneous Thermal Analyzer
(STA) (Make: Netzsch - STA 449 F3 Jupiter) is used for
TGA analysis which is facilitated at Pondicherry university.
Temperature is regulated from 25° C ± to 300°C atheating
rate of 20°C/min in nitrogen gas atmosphere using 50 mg of
sample in Al2O3 crucible holder.
C. Fourier transform infrared spectroscopy(FT-IR).
Fourier transform infra-red (FT-IR) spectrometry is used in
determination of Functional group composition of karanja
seed powder. The infra-red spectrum of karanja seed powder
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was foundbetween5000 to 700 cm -1 and 700 to 50 cm -1
(Covering IR & FAR IR) with resolution of 0.1 cm -1.
D. Characterization of physical properties of the bio-oil
A
rheometer
(BROOKFIELD
R/S-CPS+
RHEOMETER) using measuring systems for Cone (Meas.
Cup (C50-1/30)) and Plate (P50) is used for rheology study
to determine the dynamic viscosity of the produced bio-oil.
The rheological data are documented at 25±0.05°C operated
at 50 rpm and the temperature was controlled accurately by
Peltier temperature control system. A series of rheological
data was collected and the average is taken as the viscosity
of the oil. Flash and fire point of the fuel was determined by
using Cleveland open-cup
apparatus.
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IV. RESULT AND DISCUSSION
A. Characterization of the seed powder
Table 1 shows the Proximate analysis, Ultimate analysis,
H/C ratio, N/C ratio and HHV of karanja seed powder. The
proximate analysis of the seeds shows prominent results of
moisture content 10.11% which is likely to be a suitable
feedstock for microwave pyrolysis by helping in increased
polarisation during microwave heating[16]. The volatiles
content of the karanja seed powder is 84.89% which seems
to be likely an efficient feedstock of for energy conversion
technique. The ash content of karanja seed powder is 25 and
fixed carbons of 3%. On comparing to statements of the
thermal pyrolysis of karanja seed[9], [12], the undried i.e. as
received karanja seed powder has appreciable moisture
content, which seems to be an essential character of the
feedstock during microwave heating. The ultimate analysis
results in presence of 53.04% of carbon,35.527% of oxygen,
7.32% of hydrogen,3.94% of nitrogen and 0.173% of
Sulphur in Karanja seed. For pyrolysis, the sulphur content
is to be minimum and karanja seed appear like to be an
efficient feedstock for pyrolysis based on presence of
sulphur content in it[17].The HHV of the karanja seed
powder is determined to be 31.85 whereas H/C ratio is 1.89
and N/C ratio is 0.06.
Table 1Properties of the karanja seed powder

C. Analysis of the produced bio-oil
Thermogravimetric analysis of pyrolytic karanja bio-oil
from room temperature to 300°C. There is a reduction in
mass loss curve between initial temperature and 100°C
which reveals the presence of 4% of moisture content in the
produced bio-oil and also presence of volatiles (74.5%) at
temperature between 50°C- 237°C and rest are fixed carbons
and ash present in the bio-oil.The TGA analysis thus reveals
that the produced pyrolytic karanja oil by microwave
pyrolysis possess higher volatile content in it and also to be
a potential alternate fuel for an engine in volumetric basis.

Fig 3 TGA analysis of produced karanja pyrolytic
bio-oil

B. Product yield of microwave pyrolysis of Karanja
seed.

To study the functional groups, FTIR analysis is applied.
From figure, it can be inferred that the microwave pyrolysed
karanja seed bio-oil has functional groups like O–H or N–H
(3340.1, 3181.6 and 3006.8 cm-1) which is attributed to the
stretching vibrations of aliphatic primary amine and alcohol
compounds, N–H (2923.8 and 2853.4 cm-1) attributed to the
stretching vibrations of amine salts compounds. The C=O,
C=Oand C=C(1719.0, 1672.3 and1566 cm-1) which
attributes to the stretching vibration of carboxylic acid,
conjucated acid and cyclic alkene compounds respectively.
The C–H and S=O (1461.9 and 1407.7 cm-1) attributes to the
bending and stretching vibrations of alkane whereas the
sulfonyl chloride and CO–O–CO (1047.7 cm-1) attributed to
the stretching vibration of anhydride. Corresponded to lignin
the maximuminfrared absorbance of OH stretching
(phenols) is found in karanja seed. Also, C=C stretching
(aromatic skeletal mode) isfound in karanja seed. The
spectra of the microwave pyrolytic bio-oil produced from
karanja seed indicates the typical vibration of the lignin unit
at (1281.4 cm-1) (C–O stretching) and (723.4 cm-1)
attributed to the bending vibration of alkene (C–C
bending).Therefore the functional groups in karanja seed
microwave pyrolytic bio-oil seems to be similar to those of
other liquid products produced using pyrolysis technique
[9].

Fig 2Product yield at two power inputs700W and 800W
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Table 2 FT-IR Spectrum Table

Fig4 FT-IR analysis of produced bio-oil
The measured value of its internal friction, which tends to
resist the flow of the bio-oil is viscosity. Viscosity of
produced bio-oil is determined to be 52 cP whereas
thermally pyrolysed karanja seed produces bio-oil of
viscosity 51.67cP[12]. The estimated flash point is 90 °C
and fire point is 94 °C. Based on these fuel properties the
microwave pyrolytic bio-oil of karanja seems to be efficient
alternate by making certain improvements in the quality of
the bio-oil.

10.11 %, carbon (53.04%) and hydrogen (7.32%) enables
the it be an essential feedstock for microwave pyrolysis. The
highest yield of bio-oil is noted at 700W with an end
temperature of 447.8 °C. The FT-IR results resembles chain
of Hydrogen and carbons in the bio-oil. The viscosity of the
produced oil is 52 cP and flash point is 90°C. Further
improvement on production of bio-oil by means of utilizing
any catalyst can also be done.

V. CONCLUSION
The proximate analysis and ultimate analysis of the karanja
seed powder shows volatiles of 84.89 %, moisture content of
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