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Abstract
Non-edible seeds are potential candidates for the production of biofuels and other value added products. The specific objective of
this work is to measure the dielectric properties (dielectric constant, loss factor, loss tangent and penetration depth) of karanja
seed. The data on dielectric properties of karanja seed will be helpful to understand its microwave absorbing capacity and heating
behaviour in the microwave pyrolysis process. In this work, the dielectric properties of karanja seed are determined at ambient
temperature and in the frequency range 0.1–3.0 GHz. The loss tangent values of karanja seed obtained at the two recognized
commercial frequencies of 915 MHz and 2.45 GHz are compared with those of some biomass available in the literature. Finally,
the karanja seed is pyrolyzed in a domestic microwave oven at four different power inputs of 500W, 600W, 700 W and 800 W.
The microwave pyrolysis characteristics of karanja seed is determined in terms of temperature variation inside the reactor and
pyrolysis products yields at different power inputs. The chemical composition and fuel properties of the produced bio-oil are
measured. The loss tangent of karanja seed at 2.45 GHz is 1.3, which is higher than lignocellulosic biomass like oil palm fibre
(0.08). The results of the dielectric properties of the present work shows that karanja seed has better microwave absorption
characteristics compared to lignocellulosic biomass. In the actual pyrolysis process in a domestic microwave oven at different
power inputs, the heating rate is found to range between 0.661 and 1.157°C/s which is considerably higher than that achieved
using electrical heating (0.16–0.33°C/s). The bio-oil yield increases as the power input is increased from 500 to 700 W. The
maximum bio-oil yield of 47% is obtained at 700W. The GC-MS analysis of bio-oil has shown the presence of larger amounts of
hydrocarbons, esters, alcohols, very little amount of aromatics and zero sulphur-containing compounds. The fuel properties of
bio-oil show that it is a non-acidic and safer fuel. The calorific value of bio-oil is 40% lower than diesel, and its viscosity is 8.5
times higher than diesel. The results reveal that the karanja seed could be pyrolyzed by microwave heating to produce bio-oil
which can be used as fuel for diesel engines by suitably upgrading it by blending with diesel fuel.
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1 Introduction

In the recent decades, the concern on converting biomass re-
sources into biofuels, bio-energy and other bio-based products
has increased due to their renewability, carbon neutrality and
availability. Pyrolysis is one of the biomass energy conversion
technologies adopted worldwide. In particular, the microwave

pyrolysis technique has received significant attention due its
number of benefits like (i) efficient heating characteristics
(non-contact, volumetric, faster and material selective
heating), (ii) operating characteristics (quick start-up and stop-
ping, safety and automation of the equipment) and (iii) im-
proved products’ characteristics [1, 2]. Non-contact heating
aids in uniform heat distribution among molecules. Higher
heating rate helps to achieve a rapid temperature rise of the
feedstock and quick release of volatiles. Selective heating
causes zero energy waste. Microwave pyrolysis produces
clean, crack-free char with larger specific surface area [3, 4].
It produces liquid product with greater energy value owing to
its higher carbon and lower oxygen contents [5–8].
Microwave pyrolysis also seems to be a favourable method
for the production of gas that is rich in H2 and CO [6, 9].
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Several researchers have reported the microwave pyrolysis
of biomass: larch wood blocks [3], pine wood sawdust [10],
corn cob and rice straw [11, 12], cellulose [13], wood sawdust
and corn stover [11, 12, 14, 15], algae [16], peanut shell, pine
sawdust [17, 18], palm kernel shell [19], Prosopis juliflora
[20], oil palm fibre [21], rice husk, sugarcane bagasse, sugar-
cane peel, coffee grounds, bamboo [11], soapnut seed [22]
and tamarind seed [23]. Solar energy is utilized to carry out
microwave pyrolysis of rice straw [24] and corn stover [25].

The ability of feedstock to absorb microwave energy and
convert it into heat energy depends on its dielectric properties
(dielectric constant, loss factor, loss tangent and penetration
depth). The microwave frequency and temperature largely
affect the dielectric properties [26, 27]. Therefore, it is essen-
tial to know the dielectric properties of the biomass feedstock
before using it for microwave pyrolysis. The dielectric prop-
erties of lignocellulosic biomass including wood and woody
biomass, herbaceous biomass and agricultural residues (oil
palm residues) are presented in the literature. Most of the
lignocellulosic biomass show inferior dielectric properties.
In the literature, the change in dielectric properties during
actual pyrolysis process is available for the two commercially
used microwave frequencies of 915 MHz and 2.45 GHz for
switch grass [2], hay [27], corn stover [28], oat and barley
straw [29] and oil palm shell [30]. Some authors have reported
the variation of dielectric properties of empty fruit bunch [31]
and oil palm [32] in the frequency range of 0.1–20 GHz at
ambient temperature.

Numerous non-edible seeds are processed via chemical or
thermochemical methods for deriving second-generation
biofuels like biodiesel, bio-oil and biochar. For instance,
karanja seed, mahua seed, neem seed and tamarind seed are
subjected to transesterification reaction for the production of
biodiesel [33–36]. These seeds are also considered as suitable
feedstock for conventional pyrolysis [37–40]. In particular,
karanja seed is extensively investigated for biodiesel [41]
and bio-oil production [42–44].

Though the dielectric properties of lignocellulosic bio-
mass are investigated widely, dielectric properties of the
seeds are investigated rarely. Generally, the dielectric
properties of seeds are examined for the purpose of deter-
mining their oil content, viability, moisture content, hydra-
tion and metabolic mechanisms [45–48] in the frequency
range of 5 kHz–10 MHz. Fennell et al. [48] investigated
the dielectric properties of the tallow tree seeds at
915 MHz and 2.45 GHz to determine its drying character-
istics for biodiesel production. So, no published paper is
available that reveals dielectric properties and microwave
heating characteristics of seeds.

Thus, the specific objective of this work is to measure the
dielectric properties (dielectric constant, loss factor, loss tan-
gent and penetration depth) of karanja seed. The data on loss
tangent and penetration depth of karanja seed will be helpful

to understand its microwave absorbing capacity and hence its
heating behaviour in the microwave pyrolysis process [25,
49]. In this work, the dielectric properties of karanja seed are
determined at ambient temperature and in the frequency range
of 0.1–3.0 GHz. The loss tangent values of karanja seed ob-
tained at the two recognized commercial frequencies of
915 MHz and 2.45 GHz are compared with those of some
biomass materials available in the literature. Finally, the
karanja seed is pyrolyzed in a domestic microwave oven at
four different power inputs of 500 W, 600 W, 700 W and 800
W. The microwave pyrolysis characteristics of karanja seed is
determined in terms of temperature variation inside the reactor
and pyrolysis products yields at different power inputs. The
chemical composition and fuel properties of the produced bio-
oil are measured.

2 Materials and methods

2.1 Materials

Well-matured karanja fruits are collected from the karanja
trees in Puducherry, India. The seeds (Fig. 1a) are separated
from the dried fruits. Feedstock particle size affects the
heating rate, maximum temperature and the bio-oil yield [5],
and generally smaller particle size is preferred for pyrolysis.
Therefore, in this investigation, the karanja seed powder is
milled and sieved to particle size of less than or equal to
2 mm (Fig. 1b).

The dielectric characterization experimentations are con-
ducted on pelletized karanja seed powder pellets. The purpose
of pelletizing is to decrease the air gap for getting accurate data
[28]. The karanja seed is found to have moisture, 15%; vola-
tile matter, 75%; ash, 3%; and fixed carbon, 7% in percentage
by weight on as received basis.

2.2 Methods

2.2.1 Dielectric properties

The karanja seed is characterized for its dielectric properties
using a dielectric probe kit 85070E connected with a
computer-controlled E4991A impedance analyser and vector
network analyser. The dielectric properties are frequency de-
pendant and are the basic parameters that determine the
microwave-absorbing characteristics of the material. The di-
electric property measurements are carried out in the frequen-
cy range of 0.1–3.0 GHz and at 25 ± 1°C. The measurements
are taken 3 times, and the average value is considered for the
analysis. The dielectric constant, loss factor, loss tangent and
penetration depth at different frequencies are determined from
the measured data.
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The parameter dielectric constant represents the ability of
the material to store electrical energy whereas loss factor
quantifies the ability of the material to absorb or dissipate
electrical energy [26, 28, 29, 50]. Loss tangent is the ratio
between loss factor and dielectric constant, and it gives the
ability of the material to convert microwaves into heat at a
specific frequency and temperature. The penetration depth is
the depth into the material at which the power flux has fallen
to 1/e (=0.368) of its surface value [4, 26].

2.2.2 Microwave pyrolysis: experimental setup

The microwave pyrolysis of karanja seed is carried out in a
customized domestic microwave (Make: LG India). The ex-
perimental setup (Fig. 2) consists of (1) three-neck quartz
round bottom reactor (250 mL capacity) that can withstand
temperature of around 1000°C, (2) microwave oven (800W,
2.45 GHz, cavity size 28 × 12 × 10 cm), (3) nitrogen gas
(99.99% purity) cylinder, (4) K-type thermocouple with
Arduino Uno microcontroller and (5) computer, (6) Allihn
condensers and (7) conical flasks. The thermocouple is placed
on the surface of the biomass. The Allihn condensers possess
series of bulbs that increase the surface area for effective va-
pour condensation.

2.2.3 Microwave pyrolysis: experimental procedure

The karanja seed powder sample (100 g) is placed in the
quartz reactor. Nitrogen gas is allowed into the reactor at a
constant flow rate of 100 mL/min to provide an inert atmo-
sphere in the reactor. The seed sample is heated at the desired
input power (500 W, 600 W, 700 W and 800 W). Since no
temperature change is evidenced after 15 min, the microwave
oven is switched off at 20 min. After the reactor attains room
temperature, the bio-oil and biochar are collected and
weighed. The non-condensable gas is not collected during
the experiments, and hence, its amount is calculated by differ-
ence. Each experiment is conducted three times and the mean
value of the results is considered.

2.2.4 Chemical composition and fuel properties of bio-oil

The chemical composition of the bio-oil is measured using an
Agilent make gas chromatography-mass spectroscopy
(GCMS) analyser having a HP Agilent capillary column.
Helium gas is used as the carrier gas at a flow rate of 0.90
mL/min. The sample of 5 μL is injected in split mode at a split
ratio of 1:25. The oven temperature is initially set at 60°C for
about 1 min. Then, it is increased at a rate of 10°C/min to

Fig. 1 a Karanja seed, b karanja
seed powder, and c Karanja seed
pellet

Fig. 2 Microwave pyrolysis
experimental setup: (1) three-neck
quartz reactor. (2) microwave ov-
en, (3) nitrogen gas cylinder, (4)
thermocouple coupled with
Arduino Uno microcontroller, (5)
computer with Arduino software,
(6) allihn condensers and (7)
conical flask
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320°C. The injector temperature is maintained at 250°C. For
MS, the temperature of the ion source and interface is set at
200°C and 300°C, respectively. The scan range is fixed to 50–
1000 m/z with a scan speed of 3333. The chemical com-
pounds present in the bio-oil are identified by comparing their
mass spectra with the WILEY data library.

Kinematic viscosity of bio-oil is measured using
Redwood viscometer at 40°C (ASTM D2270), flash point
using Cleveland open cup apparatus (ASTM D92) and cal-
orific value using a bomb calorimeter (ASTM E711-87).
The pH value of bio-oil is measured using pH meter

(Labman Digital PH Meter, Model No.: LMPH-10) as per
ASTM E70 standard.

3 Results and discussion

3.1 Dielectric properties of karanja seed

Figure 3 shows the variation of dielectric constant and loss
factor of karanja seed with respect to frequency at room tem-
perature. It is seen that the dielectric constant decreases with

Fig. 3 Dielectric constant and
loss factor of karanja seed as a
function of frequency

Fig. 4 Loss tangent of karanja
seed as a function of frequency
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increase in frequency from 0.1 to 3.0 GHz. Figure 3 shows
that there is a notable decrease in dielectric constant up to
1.2 GHz and thereafter remains almost constant up to 3.0
GHz. The similar tendency of decrease in dielectric constant
with frequency is noted for oil palm fibre and oil palm shell
[4]. The decrease in dielectric constant with frequency may be
due to the (i) decrease in the dipole moment, (ii) change in
orientation of molecules [25] and (iii) change in wavelength.
The reduction in dielectric constant is about 63% for karanja
seed, when the frequency is increased from 0.1 to 3.0 GHz.
Salema et al. [4] observed 16% reduction in dielectric constant
for oil palm fibre as the frequency is amplified from 0.2 to 10
GHz. Larger decrease in dielectric constant of karanja seed
with increase in frequency may be due to the differences in
physical and chemical composition between karanja seed and
oil palm fibre. Karanja seed is a lipid-based biomass (28% oil
content) whereas palm fibre is a lignocellulosic biomass (43–
65% cellulose and 13–25% lignin) [51].

Figure 3 shows that there is a rapid increase in loss factor
between 0.1 and 0.875 GHz. The cell walls and cell cavities of
karanja seed are partially filled with moisture. The water va-
pour molecules and cell walls have opposite polarity. An ac-
tive dipole moment is created on applying the electric field.
Now the free electrons and ions displace and polarize on the
cell walls [52] enabling increase in loss factor between 0.1 and
0.875 GHz. The loss factor at commercial microwave fre-
quencies of 915 MHz and 2.45 GHz is 2.62 and 2.46,
respectively.

Figure 4 shows the loss tangent of karanja seed at dif-
ferent frequencies. It can be observed that the loss tangent
increases gradually with frequency and at 2.45 GHz it at-
tains a maximum. Depending on the electric field, various
types of polarization takes place (ionic, orientation or in-
terfacial) in the material influencing the dielectric absorp-
tivity of the material [53]. The higher the loss tangent, the
higher will be the microwave absorptivity. Thus, higher
loss tangent of karanja seed at 2.45 GHz of the microwave
oven will be helpful to increase the conversion of micro-
wave energy into heat energy.

Table 1 shows the loss tangent values of karanja seed and
some lignocellulosic biomass and other biomass sources. The
lignocellulosic biomass like aspen bark, pine wood, pine bark,
oil-palm fibre, oil palm shell and empty fruit bunch show low
values of loss tangent due to greater cellulose and lignin con-
tents [56]. Compared to these lignocellulosic biomass, karanja
seed is found to be a good microwave absorber due to its
higher loss tangent value of 1.3. Higher loss tangent may be
attributed to the higher lipid content of karanja seed. Zhang
et al. [5] have shown that, generally, carbohydrates (tangent
loss = 0.035 for cellulose) and proteins (e.g. egg white powder
tangent loss = 0.068) are poor microwave absorbers whereas

Table 1 Loss tangent of various materials

Biomass Loss tangent Reference

Karanja seed 1.3 Present study

Wood 0.11 [25]

Fir plywood 0.01–0.05 [25]

Empty fruit bunch 0.30 [31]

Aspen bark 0.22 [54]

Pine bark 0.18 [54]

Pinewood 0.19 [55]

Oil palm shell 0.13 [56]

Oil palm fibre 0.08 [56]

Beef fat 0.105–0.424 [5]

Fig. 5 Penetration depth of
karanja seed as a function of
increasing frequency
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lipids (beef fat; tangent loss = 0.105–0.424) are good micro-
wave absorbers.

The penetration depth at different frequencies is shown
in Fig. 5. There is a rapid decrease in penetration depth
from 0.1 to 0.2 GHz, and subsequently it remains constant
up to 3.0 GHz. As microwave possess short wavelength
(1–1 mm), it cannot penetrate deeply into the materials.
Penetration may also vary with distinct parameters such
as temperature, type of the material and its microstructural
property [31, 32, 57]. The wavelength and penetration
depth of the biomass influence the kind of polarization that
takes place in the feedstock. It is observed that the pene-
tration depth of karanja seed is 1.26 cm at 2.45 GHZ fre-
quency, which is likely to be a good depth for microwaves
to penetrate [54].

3.2 Microwave pyrolysis characteristics of karanja
seed

3.2.1 Real-time temperature profiles, heating rate
and maximum temperature attained

Figure 6 shows the temperature distribution inside the re-
actor with respect to time during the microwave pyrolysis

of karanja seed at four different power inputs. The temper-
ature profiles show two zones: Zone 1 (≈ 0–12 min) indi-
cates a rapid increase in temperature of the feedstock with
respect to reaction time. Normally, the microwave heating
results in faster heating compared to electrical heating due
to its distinctive heating mechanism. Zone 2 (≈12–20 min)
shows that the temperature rise is nearly stable. The tem-
perature profiles are observed to be sinusoidal in nature,
which is attributed to the cyclic on/off working of the mag-
netron in the domestic oven [49]. Further, it is seen that as
the power input is increased, the average heating rate and
the maximum temperature is increased. Liu et al. [58] ob-
served similar temperature profiles in the microwave py-
rolysis of tobacco stem.

Table 2 shows the microwave pyrolysis characteristics
of karanja seed. It is seen that the heating rate ranges

Fig. 6 Temperature profile at
different microwave power inputs

Table 2 Microwave pyrolysis characteristics of karanja seed

Input power (W) Average heating rate
°C/s

Maximum temperature

500 0.661 354 ±1.0

600 0.876 391 ±1.5

700 0.812 448 ±0.5

800 1.157 552 ±0.5
Fig. 7 Product yield for various power inputs
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Table 3 Chemical composition of karanja seed bio-oil

Compound Name Area %

Aromatics

Benzene, ethyl 0.49

p-Xylene 0.25

Pyridine, 2-methyl- 0.30

Phenol, 2-methyl- 0.34

Phenol, 2,4-di-t-butyl-6-nitro- 0.48

Tris(2,4-di-tert-butylphenyl) phosphate 0.59

Alkanes

Octane 0.43

Decane 0.38

Undecane 0.22

Cyclopropane, nonyl- 0.32

Hexadecane 0.66

Pentadecane 0.42

Heptadecane 0.56

Hexadecane 0.32

Hexadecane 0.42

Hexadecane 0.47

3-(1,3-Dihydroxyisopropyl)-1,5,8,11,14,17-hexaoxacyclononadecane 0.50

Alcohols

2-Furanmethanol 0.69

9,12-Octadecadien-1-ol, (z,z)- 0.51

2-Hexadecen-1-ol, 3,7,11,15-tetramethyl- 0.69

2-Hexadecen-1-ol, 3,7,11,15-tetramethyl- 0.69

2-,2-Dibenzylethanol 0.61

9,12-Octadecadien-1-ol, (z,z)- 0.51

Olefins

1-Octene 0.55

1,3,5,7-Cyclooctatetraene 0.48

1-Decene 0.61

1-Undecene 0.44

1-Tetradecene 0.67

3-Hexadecene, (z)- 0.38

3-Hexadecene, (z)- 0.57

9-Octadecene, (e)- 1.07

8-Heptadecene 0.91

8-Heptadecene 0.60

9-Octadecene, (e)- 0.41

9-Eicosene, (e)- 0.75

Pyrrolidine, 1-(1-oxo-9-octadecenyl)- 0.9

Heptacos-1-ene 1.04

Methoprene 0.42

Aldehydes, ketones and acids

2-Coumaranone 0.50

5-Butyl-1,3-oxathiolan-2-one 0.87

Pentadecanoic acid, 14-methyl-, methyl ester 1.12

9,12-Octadecadienoic acid, methyl ester, (e,e) 1.56

9-Octadecenoic acid (z)-, methyl ester 5.58

Methyl stearate 0.86
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between 0.661 and 1.157°C/s, which is considerably
higher than that achieved using electrical heating (0.16–
0.33°C/s) [59]. The average heating rates for the lignocel-
lulosic biomass during microwave pyrolysis is reported as
0.85–1.16°C/s, and Table 2 shows that the heating rate of
karanja seed is closer to this range. Further, Table 2 shows
that the average heating rate and maximum temperature
increase with increase in power input. At 500 W, the aver-
age heating rate is 0.661°C/s and maximum temperature is
354°C. As the input power is amplified to 800 W, the
heating rate and the maximum temperature is increased
by 75% and 56%, respectively. This finding matches with
the research results of others [58].

The temperature required for the pyrolysis of karanja
seed is 200–400°C [37]. Figure 6 shows that karanja seed
is heated to ≈200°C within 2–6 min depending on the
power input. The seed powder then attains the respective
maximum temperature (Table 2) and remains almost at this
maximum temperature until the end of the reaction time.
These results reveal that karanja seed could be pyrolyzed at
all power inputs (500–800 W) and within 20 min.

3.2.2 Product yields at different microwave power inputs

Figure 7 shows the bio-oil, biochar and non-condensable gas-
es yields obtained by the microwave pyrolysis of karanja seed
at different power inputs. It is seen that the bio-oil yield in-
creases as the power input is increased from 500 to 700 W.
The maximum bio-oil yield of 47% is obtained at 700 W. The
increase in power input increases the microwave density in the
cavity and hence the microwave absorption capacity of the
karanja seed favouring the bio-oil yield. However, the bio-
oil yield is reduced to 45% at 800W. The extreme microwave
power causes higher temperature increase (550°C) which pro-
motes secondary pyrolysis reactions that helps in the forma-
tion of non-condensable gases and decrease in bio-oil yield [8,
15, 59, 60].

Figure 7 shows that the biochar yield increases with in-
crease in power input. However, an opposite trend is seen
for gas yield. Specifically, pyrolysis occurring at low temper-
ature favours biochar yield whereas high temperature favours
gas yield [58, 61]. The maximum biochar yield of 38% is
obtained at 500 W, and maximum gas yield of 40% is obtain-
ed at 800 W.

3.3 Chemical composition and fuel properties of bio-
oil

The highest bio-oil yield (47%) is obtained at 700 W, and
hence, the bio-oil produced at 700 W is taken for the analysis
of chemical composition and properties. Table 3 shows the
results of chemical composition of bio-oil measured by GC-
MS analysis. The karanja seed bio-oil is a combination of
several complex organic compounds. The compounds in the
bio-oil may be grouped into aromatics, alkanes, alcohols, ole-
fins, aldehydes, ketones and acids. The GC-MS analysis of

Table 3 (continued)

Compound Name Area %

(e)-9-Octadecenoic acid ethyl ester 2.99

Docosanoic acid, methyl ester 1.15

Eicosyl trifluoroacetate 1.15

Heneicosanoic acid, methyl ester 1.67

N-methylhexadecanamide 0.86

18,19-Secoyohimban-19-oic acid 0.53

Butylmalonic acid 1.34

Butyric acid, 4-phenyl-, isobutyl ester 0.80

9-Octadecenoic acid (z)-, methyl ester 0.41

9-Octadecenoic acid (z)-, 2-[(trimethylsilyl)oxy]-1-[[(trimethylsilyl)oxy]methyl]ethyl ester 0.31

6-Heptenoic acid, ethyl ester 0.11

Z-3-Octadecen-1-ol acetate 0.25

Z-11,13-Dimethyl-11-tetradecen-1-ol acetate 0.14

Acetic acid, chloro-, octadecyl ester 0.46

Table 4 Properties of bio-oil produced from the microwave pyrolysis

Properties Karanja seed bio-oil Diesel [37, 62]

Colour Dark brown Pale green

Odour Smoky odour -

Flashpoint, °C 90 ± 0.5 58

Fire point, °C 94 ± 1 62

pH 8.37 6.28

Calorific value, MJ/kg 28.75 ± 0.5 43.52

Viscosity, cSt @ 40°C 26.3 ± 0.15 3.5
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bio-oil has shown the presence of larger amounts of hydrocar-
bons, esters and alcohols; very little amount of aromatics; and
zero sulphur-containing compounds.

Table 4 shows the fuel properties of bio-oil produced by the
pyrolysis of karanja seed at 700 W. The bio-oil is dark brown
colour. It has distinct smoky odour due to the presence of
volatile organic compounds. The flash point of bio-oil is
higher than diesel, revealing that it is a safe fuel to store and
transport. The bio-oil is not acidic (pH>7) [60]. The calorific
value of the bio-oil seems to be low compared to diesel fuel
due to the presence of oxygen [63], and it is 40% lower than
that of diesel. The viscosity of karanja seed bio-oil is 8.5 times
higher than diesel. This may be due to the presence of heavier
organic compounds present in the bio-oil. The chemical com-
position (higher hydrocarbon and ester content, lower aromat-
ic and zero sulphur compounds) and fuel properties (non-
acidic and higher flash point) reveal that the bio-oil produced
by the microwave pyrolysis of karanja seed is a potential fuel
for CI engines. It can be upgraded by blending with diesel fuel
to reduce its viscosity and increase its energy content.

4 Conclusion

The results of the dielectric properties of karanja seed shows
that it has better microwave absorption characteristics com-
pared to lignocellulosic biomass and thus it is a potential feed-
stock for microwave pyrolysis. In the actual pyrolysis process
in a domestic microwave oven at different power inputs, the
heating rate is found to range between 0.661 and 1.157°C/s
which is considerably higher than that achieved using electri-
cal heating (0.16–0.33°C/s). The microwave pyrolysis of
karanja seed produces bio-oil yield of 47% by weight of
karanja seed. The chemical composition (higher hydrocarbon
and ester content, lower aromatic and zero sulphur com-
pounds) and fuel properties (non-acidic and higher flash
point) reveal that the bio-oil produced by the microwave py-
rolysis of karanja seed is a potential fuel for diesel engines. It
can be upgraded by blending with diesel fuel to reduce its
viscosity and increase its energy content
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