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Possibilities of Determining Coal Combustion and Burning
at Low Temperatures Without Thermic Energy
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The present study is trying to demonstrate that the heat transfer it is not the only possibility to insure the
continuity of the burning process. Analyzing the probable causes that start the fire it is necessary to take into
consideration all these aspects. The present study demonstrates that the combustion temperature
measurements and the thermal loading to insure the burning process are particular cases which apply only
when the process is started by the transfer of thermal energy. It has been studied the possibility of combustion
and burning of coal in different degrees at low temperatures in order to prove that the plasma energy  can be
a probable cause of  ignition and burning. The obtaining data applied on coals can be extended on other
inflammable materials as well as on other types of energies. The final results have proved that any kind of
transferred energy could be the cause of burning processes.
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Plasma is a group of charged particles (positive ions,
negative ions, and electrons), null particles and photons
(electromagnetic radiation). The maintenance of plasma
requires a constant equilibrium between the formation and
the disappearance of charge carriers. Generally, plasma
particles can be subject to the following interactions:

- they can interact themselves, when one particle is
crossing another particle’s territory;

- interactions of particles with metal / non-metal surfaces
which are in contact with the plasma;

- interactions with the electric, magnetic and
gravitational   fields  applied  on the plasma by exterior
reactions.

As an example, the plasma situated   between the
electrodes of a discharging tube is continuously interacting
with the electric field between the electrodes which is
produced by the maintaining generator of that plasma.

Once the plasma is stopped (electrically or otherwise),
the first two processes are becoming the most important.
We shall classify these processes as elementary at the
interface plasma-solid. They contain interactions with the
plasma reactor walls or with the electrons. So, there can
take place the following processes:

- elastic processes, if as a result of the interaction, the
intern energy does not change after colliding. In such a
process the quantum estate of each particle remains
unchanged;

- inelastic processes, if as a result of the interaction, the
intern energy of one particle at least does change.

Plasma is an energy source which can be transferred
and can determine combustion and burning at lower
temperatures than in case of thermal transfer.

Previous burning studies have been realized in closed
spaces with powerful thermal charge. In the burning
process are included both the transformation of organic
and inorganic mass.

Experimental part
Method and equipment

The present study, realized under 4000 C follows the
transformations of the organic mass because the inorganic
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mass does not suffer essential changes at low
temperatures.

The purpose of this study was to realize a perfect
observation of the organic mass behaviour in the oxidation
process and of the probabilities to regularize the
combustion and burning processes.

For carbon plasma burning it has been utilized a plasma
reactor connected by induction (fig. 1). Induction connected
plasmas have the advantage that their ignition is made
directly with the coil. The absence of the electrodes allows
the appearance of a continuous contact base between the
discharge wall of the tube and the plasma volume [1-3].

After applying the electric field, the instauration of the
thermal equilibrium in plasma favorites the ionization
processes and the excitement of particles as well as the
reverse process of their recombining.

By chemical point of view, the free radicals are the most
important species in plasma because they are responsible
for most of the occurring chemical reactions.

The plasma made of radicals, ions excited specie, and
photons can be considered as a radiation source which
can initiate different plasma processes. Most of the active
species are formed in plasma volume where different
reactions can occur.

 The furnace type of plasma reactor is working at 2.4
MHz. The reactor has an entrance which allows the access
of the gas transport and it has a connection with the vacuum
pump.

The coal samples have been stamped at 10t force and
then introduced on glass discs into the plasma furnace.
The measurements have been made at 10, respectively, at
40 min. There have been studied two coal samples (brown
coal from Berbesti and coal from Petrila).

Results and discussions
The coal samples have been analyzed according to ISO

and STAS, the results can be seen in tables 1 and 2.
The samples have been under plasma action for 10,

respectively for 40 min 1and they have been analyzed by
spectroscopy SEM. The results are presented in tables 3, 4,
5 and 6.
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Table 2
THE STANDARD COAL

ANALYSIS FROM PETRILA

Table 1
THE COAL ANALYSIS

FROM BERBESTI

Table  3
 ELEMENTAL ANALYSIS IN MASS

PERCENTAGE AND ATOMIC
PROCESSES OF THE SAMPLE FROM
THE PETRILA COAL BURNT FOR 10

MIN IN OXYGEN PLASMA.

Fig. 1 The chart of the
experimental installation with
the plasma reactor for burning
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The plasma burning process is different from the classic
one, because the temperature is under 400oC. It maintains
the coal tailings mostly unchanged, the other reactions
appear at this temperature.

Table 4
ELEMENTAL ANALYSIS IN MASS

PERCENTAGE AND ATOMIC PROCESSES OF
THE SAMPLE FROM THE PETRILA COAL
BURNT FOR 40 MIN IN OXYGEN PLASMA

Table  5
ELEMENTAL ANALYSIS IN MASS

PERCENTAGE AND ATOMIC PROCESSES
OF THE SAMPLE FROM THE BERBEªTI
COAL BURNT FOR 10 MIN IN OXYGEN

PLASMA

Volatile outbursts and the agglutination process seem
to be influential at lower temperatures when plasma
burning takes place.
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Table 6
ELEMENTAL ANALYSIS IN MASS

PERCENTAGE AND ATOMIC PROCESSES
OF THE SAMPLE FROM THE BERBEªTI
COAL BURNT FOR 40 MIN IN OXYGEN

PLASMA

The variation of carbon waste related to burning time
and carbonization degree is shown in the diagrams.

The intensity of carbon burning is inversely related to
the carbonization degree. There are visible changes in the
burning process of coal from Petrila, which can show
agglutination features. The lignite from Berbesti behaves
completely different by having lower rates of carbon
content which are probably due to the appearance of the
coking coal.

Conclusions
Plasma is an energy source, different from thermal

energy, which can initiate and generate burning processes
at low temperatures.

Plasma burning indicates the behaviour of the organic
mass, respectively of the coal tailings, during the oxidation
process.

Plasma burning indicates that in the first 10 min the
burning speed is very high due to the lower degree of coal
carbonization. (consequently, the volatile compounds are
lower).

10  min after plasma burning we can state that the
volatile compounds are finished and the burning speed is
related to the coking coal burning speed, which are almost
equal.

The carbon content of coal decreases during the burning
process, the decrease differs because of the carbonization
degree. Generally, coal has a smaller part of carbon after
10 min of burning than lignite due to shale carbonates;
lignite has mostly argillaceous tailing coal.

After 40 min of burning, the water from the clay coal is
still there, because it takes 500oC  to evaporate, so the
water does not evaporate, consequently, the coal tailings
do not suffer any major transformation.

The oxygen content determined as such, not by
difference, increases in the burning process; this
demonstrates that it does not take part in the process
because it is related to the coal tailings.

Ulterior to this research, we have to modify the classic
method of burning calculus because it considers that the
entire coal oxygen takes active part in the burning process.

Diagrams justify the fact that, in practice, mostly when
solid fuels are burnt it is necessary an air overflow (Φ=1.2-
1.3) to realize the process in optimum conditions.

It is necessary to avoid any energy transfer towards
flammable organic substances which can cause ignition
or explosion.

 It is necessary to know all kinds of constant or energies
existing in the areas of flammable material processing
plants.
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