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Abstract:
A number of experiments on the non-thermal plasma gasification of Jordanian oil shale have
been carried out using a nitrogen plasma jet. Oil shale batches containing average moisture
of 2.5%, volatile 18%, fixed carbon 20%, and ash 59.5% were exposed to ion bombardment. This process converts part of the carbon and oxygen into the gas phase. This method
provides a main advantage that gasification of the oil shale can be performed without water
at low power of 300 W. The basic requirements for oil shale gasification include generating
plasma at low temperatures (200-550°C), using a pulsating high voltage (f=20 kHz). Additional rotation of the samples during process increases the surface exposed to the plasma
jet. Experimental study was conducted in order to investigate the influence of the main
process parameters such as nitrogen plasma gas mass flow (in the range of 7-10 l/min),
mean diameter (d) of the oil shale particles (in the range 4.5-10 mm) and distance of the
plasma nozzle from the oil shale (5-15 mm). It has been found that the maximum attainable gasification percentage using a nitrogen flow rate of 10 l/min is 23.0% of the original oil
shale weight.

Introduction
The gasification of oil shale is the process of
converting the solid organic matter into a
gas with a calorific value. Oil shale is an
important energy resource in Jordan. Much
work has been done in order to study the
characteristics of this carbonate-rich rock
(Hamarneh, 2006; Speers, 1969, Abu-Ajamieh, 1980). The oil shale contains inorganic constituents and organic matter. The
inorganic constituents are carbonates, clay
minerals, silica, phosphates, and sulphur.
Oil shale gasification can be achieved either
by heating the oil shale directly using a partial combustion, or indirectly by using an
external heat source or heat exchanger.
The thermal plasma or electric arc can be
used as a source of heat required to gasify
the organic matter (Kalinenko, et al., 1993).
In addition, microwaves or radio waves at
very high frequency can also be used in the

gasification process (Balanis, 1983). Usually, temperatures in excess of 800°C are
required to carry out the gasification process (Higman et al., 2008).
In the past few years new patents have
discussed the use of non-thermal plasmas
in the gasification of carbonates at low temperatures - 300 -700° C (Rabovitser et al.,
2007). In this method the electron temperature being several times higher than the
temperature of heavy particles induces a
plasma. Samples of oil shale were obtained
from the deposit El-Lajjun, located in the
west-central part of Jordan. The kinetics of
the thermal decomposition of these samples have been analysed by using a nonisothermal thermogravimetric analyser
(TGA). This apparatus heats the oil shale
sample at a constant rate and records the
weight changes. Also, a non-thermal nitrogen plasma jet, which consumes a low
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power (300W), was used to convert the organic matter (kerogen) within the oil shale
into a gas. The influence of some key factors such as the diameter of the particles,
the plasma mass flow rate in the range 710 l/min and the separation distance between the nozzle head and the sample have
been investigated.
Experimental Setup
A TGA was used to heat non-isothermally a
1 g oil shale sample at a heating rate of
15K/min with purge gas N2. The results
from this system provide general information about the overall reaction kinetics of oil
shale. TGA provides the differentiation of
the weight signal as a function of temperature. The pre-programmed control unit
regulates all the automatic functions of the
recorder. The tube furnace was raised up
to 1000 °C, and then the sample was allowed to cool to atmospheric temperature.
An atmospheric plasma jet shown in Figure
1 was used to create a non-thermal atmospheric plasma. The high voltage AC gen-

erator used is equipped with a voltage rectifier converting the line voltage of 230 V
AC at 50/60 Hz into a pulsed high voltage
(up to 10 kV at frequency f=20 kHz). The
plasma gas must be pressurized between 510 bar before it enters the plasma unit. A
mass flow controller (BRONKHORST) was
used to regulate the mass flow rate of
nitrogen in the range 7-10 l/min. A high
torque stepper motor (ASTROSYN) was
used to rotate the oil shale sample at a
specific rotation speed in order to expose a
higher sample area to the plasma jet.
About a 10g batch of oil shale was used in
the experiment. The oil shale sample was
milled followed by sieving at different mean
diameters in the range 4.5-10mm. The
sample rotates at constant rotational velocity ω, which was defined in a pre-programmed control. The required mass flow
rate is defined in the automatic mass flow
rate controller box. After rotating the oil
shale sample for a limited time t, in the
plasma, the sample of the oil shale is removed again to calculate the mass percent-
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Figure 1: Setup: 1) Dry, oil and dust free, cooling (7 bar) compressed air, 2) N2 pressure
regulator with manometer, 3) Mass flow controller (MFC), 4) Cooling air line, 5) High voltage
generator unit, 6) Gas outlets to ventilation 7) Protective hood, 8) Wire grid or perforated
plate, 9) Fixation ring, 10) Oil shale sample, 11) Stepper motor, 12) Moving base, 13) Motor
controller, 14) PC with LabView for process control, 15) MFC control box, 16) Atmospheric
pressure plasma jet .
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age released.
Results
The results of the TGA appear in
Figure 2, which shows the
percentage conversion as a
function of time. It is clear that
due to the conversion of the kerogen, the rate of weight loss increases with increasing temperature. Figure 2 also shows
three stages. The first stage is the
pre-heating stage i.e., temperature is less than 180°C. In this
stage 2% of the mass is lost due
to removal of water from the clay
minerals. In the second stage
(i.e., between 175°C and 560°C)
Figure 2: TGA results for two test at the same conditions.
the kerogen is converted into
bitumen (Burnham, et al., 1983;
rectangular pulsating voltage at 20 kHz
Williams and Nasir, 2000). About 18% of
with amplitude 10kV has been used. Figure
the total mass is lost during this stage from
3 shows the axial temperature profile. The
pyrolysis of the oil shale, and the sample
temperature decreases away from the root
color converts to black. In the third stage
of the arc plasma.
(i.e., temperatures exceeding 560°C) about
The influence of nitrogen mass flow rate on
20% of the rock mass is lost due to caroil shale gasification is presented in Figure
bonate decomposition. The carbonate
4. Oil shale samples with a particle size of 5
includes calcite, dolomite and ankerite
mm were subjected to atmospheric plasma
(Haddadin and Mizyed, 1974; Jaber and
at different N2 mass flow rates. The oil
Probert, 1999).
shale sample was placed 5 cm below the
Two parameters that are of utmost implasma nozzle. The motor rotating velocity
portance in the non-thermal plasma are the
is fixed at ω=3 rev/min. The rate of
temperature and the frequency. A
conversion of the organic content to gas is

Figure 3: Axial temperature profile measured for volume flow Q=10 l/min.
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high during the first six minutes. Then the
degree of gasification remains constant due
to the fact that no more organic content is
converted into gas. As indicated in this
figure the maximum value of gasification is
21%. The influence of the mass flow rate
on the gasification percentage in the range
7-10 l/min is very small.
The influence of the distance between head
of the plasma nozzle and the oil shale sample (h) is shown in Figure 5. It can be observed that increasing the distance between
head of the plasma nozzle and the oil shale
sample results in lower gasification
percentages. The effect of particle size on
gasification appears in figure 6. As shown,
the maximum percentage of gasification
was obtained when d = 4.5mm; reducing
the particle size increases the surface area
to volume ratio. This improves the gasification process.

Figure 4: Influence of the plasma gas mass flow
rate for h=5 mm, d=5 mm, f=20 kHz,
ω=3rev/min.

Conclusions
Atmospheric nitrogen non-thermal (cold)
plasma jet was successfully used for selective gasification of oil shale samples. Good
levels of evaporation were reached using a
low energy (300 W) plasma generator. Oil
shale gasification using cold plasma was
found to be fast, efficient and does not require water or steam. Influences of the
most important system and process parameters on the quality of the gasification
process were determined:
•

Gasification increases with increase of
the plasma temperature and (to a certain extent) treatment time.

•

Increase of the plasma gas mass flow
rate (in the test range of 7-10 l/min)
does not affect oil shale gasification significantly.

•

Best gasification results were achieved
with lower mean diameter of oil shale
particles.
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