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Coal oxidation represents an unwanted phenomenon which appears due to the interaction of coal with the atmospheric
oxygen, phenomenon taking place during its life span, namely from the moment of its extraction until it is consumed. From an
economic point of view, coal oxidation causes considerable losses in quantity as well as in quality at the production units as well as at
the consumer ones, as the initial existent parameters were not found during its storage. In order to reduce this kind of phenomenon, it
is required to follow the behaviour of coal, in time, stored in technological storages, to check the temperature of the stock
periodically, to continuously monitor the zones liable to self-ignition, to methodically record all the factors involved in the oxidation of
coal. For this purpose, to study the evolution of the temperature of the stock of coal depending on its storage period, the used method
in managing the coal storages is the use of infrared thermography. Infrared thermography allows for the temperatures to be remotely
measured (from centimetres to a hundreds of meters) and without direct contact, which is indispensable, for example considering
electrical equipment found under tension or in the case of parts or materials with increased temperature or which are inaccessible.

The evolution of the measured temperature took into account the following steps: the initiation and appearance of
temperature areas, the development phase of the temperature areas and the phase during which the increased temperature cores
appear. The evolution of the temperature on steps is presented in data and in graphical mode. After the measurements the entire coal
quantity which was analysed was sent to be consumed.
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Coal deposits self-oxidation and self-heating tendency
The oxidation phenomenon produces a series of changes of the natural properties of coal, such as [2]:
The reduction of the calorific power;
The reduction of the burning properties;
The substantial change of the surface of the granules;
The change of carbonisation and pyrolysis properties.

Considering the lignite extracted from Oltenia quarry, it hasn’t still brought forward the problem of methodically following
its behaviour in time given the fact that the period the coal is being kept on stock was, in most of the cases, relatively reduced, namely
30 days, therefore there was a small number of self-heating or self-igniting cases. A new orientation is imposed concerning the
preliminary production of coal on a monthly and yearly level, by programming the operation of excavators during the uncovering
procedure with a proportion larger in relation to their operation during the extraction of coal.

The purpose of this action is constituted by the insurance of a larger flexibility of production correlated to the oscillating
demand of coal from the beneficiaries through a controlled storage which is comprised within the time limits in order not to affect the
quality parameters of coal. It is necessary for the price calculation of coal to also distinctively foresee the additional expenses arisen
with the management and conservation of coal stock-piles in own storage for a larger period of time, in order for the activity of the
mines to profitable

Coal deposits temperature measurements

Considering that the storage place of the two piles, namely A and B, is relatively small (60,000 tons), one of the conditions
for the realisation of the production scheduled at the quarry is related to the period during which the coal is stored in piles. The small
storage capacity of coal within the quarry is actually an advantage, because it implies a continuous dynamics of bringing in and
removing coal from storage. Any coal immobilisation for a period longer than 10 days leads to the obstruction of the excavation
process and consequently to the cease of the activity of the quarry.

Data resulted after the analysis
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In order to study the phenomenon of coal temperature increase from the interior of the stock of coal, it was required
to delimit a portion of the storage (width = 35m, length = 35m, height = 10m, quantity = 10,437 tons), as not to disturb the
coal layering and evacuation process from the rest of the storage.

After having set the coal inside the storage, a number of 50 samples from 3 different areas were collected: namely,
from the base, the middle and the superior area of the pile. After having analysed the laboratory sample reported as initial
state, resulted the data presented in Table 1
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JII. The appearance of increased self-heafing coraes phase

The evolution of the temperature on steps

The measurements were carried out every 5 days starting with the 1st of June 2014, distinguishing 3 phases.

In order to study the evolution of the temperature of the stock of coal depending on its storage period, one of the
methods most used around the world in managing the coal storages is the use of infrared thermography. Infrared
thermography allows for the temperatures to be remotely measured (from centimetres to a hundreds of meters) and without
direct contact, which is indispensable, for example considering electrical equipment found under tension or in the case of
parts or materials with increased temperature or which are inaccessible [6]. The measurements brought forward in the
present paper (temperature monitoring) were made with the Medium Pro, Flir Systems T200 thermal imager.

The evolution of the temperature is presented in Figure 1, distinguishing the following steps: the initiation and
appearance of temperature areas, the development phase of the temperature areas and the phase during which the increased
temperature cores appear.

The initiation and appearance of temperature areas phase

This phase is the characteristic of a 20 days period characterised by the appearance of areas with a more increased
temperature than the rest of the pile, found a depth of 0.70m from the sides of the eastern and western talus. The
phenomenon is due to the turbionary circulation of air on the line of separation of granulometric classes, ascending from the
base towards the superior part of the coal pile. The temperature increase is more prominent on the eastern talus than on the
western one, due to a larger granulometry of coal and the action of environmental factors (sun, wind, humidity, etc.). as the
storage period increases, the temperature cores unite as continuous belts leaving from the superior part of the pile towards
its base. The maximum temperature for this period is 38°C located in the superior part of the pile of coal, which appears as
an elongated loop.

Temperature area development phase

Compared to the first phase of the oxidation — self-heating process of coal, this phase manifests through an increase
of temperature at an increased intensity, also observed through the extent of the more increased temperature areas in the
interior of the pile as well from 26 to la 38°C. The pre-existing areas with temperature enhance their area in the following 40
days from their piling as to even reach 63°C in certain spots.

At the end of the 40 days period the collection and sampling of the pile operation was repeated resulting in a
decrease of the organic components in the detriment of inorganic composition (Table 2).
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Data resulted after the analysis
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Generally, the temperature increase leads to the decrease of the humidity of coal, the increase of ashes content and
consequently the decrease of calorific power with 58 Kcal/Kg, while the S', N', H' content represent a reduced variation.
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Evolution of temperature within the piles according to the period of storage of coal

The appearance of increased self-heating cores phase
The last 15 days are characterised by the appearance and development of a core with a temperature over 76°C
situated on the eastern side of the pile of coal at a height of approximately ¥ from the base. The phenomenon is
characterised by the appearance of vapours at the surface of the pile during the entire day and the change in colour of the
coal following the endothermic and exothermic reactions within the coal pile. Graphically materialising the evolution of
temperature during the analysed period (55 days) it is observed that the form of the tendency linear equation is: y = 1.176x +
13.34, while the square average deviation is: R2 = 0.977 (Figure 2).
Conclusions
- Quality depreciation is due to the oxidation phenomenon which is manifested by the interaction of coal grains
with the atmospheric oxygen under the action of environmental factors;
The self-heating cores appear on the separation line between coarse-grained coal and fine-grained one;
After 40 days from having piled the coal, its humidity decreases by 4.51%, the ashes content increases with
16.63 while the calorific power decreases with 58 Kcal/Kg;
According to the graphical representation of the evolution of the temperature depending on the storage period it
is observed the existence of 3 temperature thresholds:
- 1% threshold, characterised by a constant linear increase of temperature within the range 20+40°C during 30
days;
- 2" threshold, characterised by the increase of temperature within the range 40+63°C in 15 days;
- 3"threshold, characterised by an accentuated increase of temperature, namely in 10 days from 63 to 82°C.
After having recorded the temperature of 82°C, measures to locate and remove the area with increased
temperature (over 82°C) where undertaken and the entire coal quantity which was analysed was sent to be
consumed.
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