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Abstract

The purpose of this research is to perform an evaluation of the spontaneous combustion of coal (SCC) in Tabas Parvadeh
coal mines in Iran, by using the R7o test method based on a the correlation between intrinsic coal properties and the
occurrence of its combustion. Firstly, the coal samples were collected from Parvadeh I to 1V, and the intrinsic coal prop-
erties of the samples were tested. Then, the R7o test method, as the newest method for assessment of the SCC, was used.
In the last step, the correlation between intrinsic coal properties and R7o test values was carried out. The results showed
that the B1 seam in Parvadeh Il and the Ci1 seam in Parvadeh III have a high propensity of the SCC. The outcomes appear,
an expansion of moisture, pyrite, vitrinite, and liptinite contents enhance the SCC tendency in these mines. The results

obtained have major outcomes for the management of this phenomenon in Tabas Parvadeh coal mines.
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1. Introduction

Coal is a non-renewable natural resource that is the
most copious and economical fossil fuel resource in the
world and it contains almost 90% of fossil fuel energy.
Coal is a very affordable and reliable source of energy
and it has assumed a basic role in the steadiness and de-
velopment of the world’s economy (Thakur, 2016; Me-
duni¢ et al., 2018).

Regardless of all its benefits, coal mining, especially
underground coal mining, is a very complex system and
process. The harsh and unsafe working conditions are
the most vital parameters that influence a coal mining
process. The risks of underground mining are basic pa-
rameters, which ought to be considered in the structure
and arranging venture of coal mines. Some huge hazards
in underground coal mining can be outlined as subsid-
ence, outburst, SCC, roof instability, passing through
faulted and crushed zones, groundwater inflow, high
methane gas content of the coal seam, and the presence
of combustible coal dust. Along these lines, it is impor-
tant to precisely distinguish the dangers included and to
discover the approaches to estimate, avoid, and control
them (Saffari et al., 2013; Sereshki and Saffari, 2016;
Saffari et al., 2019a).

The SCC is a key safety issue in coal mining and has
threats to sustainable development aspects in all stages
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of coal mining (Song and Kuenzer, 2014). This phe-
nomenon is the major reason for mischances bringing
about the loss of lives, loss of profitable coal reserves,
blockage of resources and capital, a decrease in heating
qualities, coking properties, huge economic losses, and
massive environmental contamination (Lang and Fu-
Bao, 2010). Thus, the SCC is an urgent problem that
should be addressed and solved.

This process is an oxidation reaction that happens
without an outside warmth source due to various com-
plex exothermic reactions which, coal intrinsic charac-
teristics are consistently alluded to as affecting the SCC
(Saffari et al., 2017).

At the initial stage, the oxygen consumption of coal
oxidation is small due to the low temperature and the
insufficient contact between coal and oxygen. This stage
will last for a period and the small heat produced by coal
oxidation will constantly accumulate during this time.
The heat accumulation increases the environment tem-
perature and the higher temperature will accelerate the
coal oxidation process. During the SCC process, coal
oxidation will definitely produce some products such as
CO and CO,, and it will also generate lots of heat re-
leased from the physical adsorption and chemical reac-
tion in this oxidation process (see Figure 1).

The mechanism of low-temperature coal oxidation
has been explored by numerous examinations yet total
comprehension has never been acquired. Regardless of
the fragmented comprehension of the mechanism and
kinetics of coal oxidation, overall reaction paths have
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Figure 1: Fundamental phenomena occurring
in the SCC process
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reached a general consensus. Briefly, two parallel inter-
action sequences exist (Zhang et al., 2016 a):

* direct burn-off and

* adsorption sequence.

The burn-off step looks like the direct burning of solid
fuels which is firmly reliant on temperature. This results
in the direct formation of gaseous products including CO,
CO,, and H,0O (Karsner and Perlmutter, 1982).

The adsorption sequence incorporates: (i) reversible
physical adsorption ((see Equation 1); (ii) irreversible
chemisorption of oxygen on the surfaces of pores and
the formation of intermediate coal- oxygen complexes
including peroxygen, hydroperoxide and hydroxyl spe-
cies ((see Equation 2); (iii) the corruption of unsteady
solid coal- oxygen complexes to gaseous products and
the formation of stable solid compounds, e.g. carbonyl
or carboxyl-containing species ((see Equation 3); (iv)
the disintegration of stable mixes and the exposure of
new active sites for oxidation (Wang et al., 2002), (see
Figure 2) which is an extremely characteristic outline of
the cooperation between coal and oxygen at a low tem-
perature.

Coal + 0, —=—=0, Physical adsorption (1)
Coal+0, — O, Chemical absorption 2)

—C0,+CO+H,0

—Stable solid products,which tend to ®)
decompose at temperatures above70

Coal+O,

However, not all coals are susceptible to auto-oxida-
tion to a similar degree. Subsequently, the precise ap-
praisal of the oxidative inclination is fundamental to de-
sign the generation and capacity abilities in mines.
Awareness of the SCC potential before starting, during,
and after coal mining operations has a significant effect
on preventing the loss of sustainable development.

In this research, an attempt has been made to perform
an evaluation of the SCC by using the R70 test method in
Tabas Parvadeh coal mines (Iran). For this purpose, seven
coal samples were collected and the intrinsic properties of
these samples were determined and the R70 test method
was done. The correlation study between the intrinsic pa-
rameters and R70 values was studied.

On December 25", 2016, one complete block of the B1
seam in Parvadeh II was closed due to the SCC process in
this seam. Despite the importance of this issue, this hazard
is still not fully evaluated in Iran and there is no crisis
management program. Therefore, in this study, the SCC
propensity was measured experimentally using the R70
test method in Tabas Parvadeh coal mines. The results of
this research are helpful to the assessment and manage-
ment of the SCC issues in the Tabas Parvadeh coal mines.

This paper is outlined as follows: section 2 describes
the R70 test method and the testing system, the case
study is introduced in section 3, the experimental inves-
tigations are given in section 4, the relationship between
coal intrinsic characteristics and the R70 method are
conducted in section 5, and finally, this paper concludes
in section 6.

2. Materials and methods
2.1. Coal samples and preparation

For this study, seven coal samples (from Tabas Parva-
deh coal mines) were freshly collected directly from the
worked face of the mine. The conditions for collecting
samples and transferring them to the laboratory to avoid
the possibility of peroxidation, as well as the amount of
sample required for each experiment, were carried out in
accordance with the methods provided by Xuyao et al.
(2011), and Zhang et al. (2016 b).

Direct bum-off
Coal + O
[ CO, products J [ CO products }
13
2
;
Chemisorption Decomposition

Coal + 0y —8 —»

Carbon-oxygen complexes
(unstable intermediates)

Stable solid oxygenated
complexes

Figure 2: Two processes of low-temperature interaction of coal with oxygen (Wang et al., 2003)
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2.2. Experimental apparatus and method
2.2.1. R70 method

One of the most familiar testing procedures of coals
to indicate their propensity to the SCC is the adiabatic
heating test (Cliff et al., 1996). This method is generally
considered to simulate the in-situ condition whereby
heat losses are not permitted to disseminate from the re-
action vessel. Australian coalmine operations have been
using adiabatic oven testing since the early 1980s to rate
the propensity of coal to spontaneously combust (Hum-
phreys et al., 1981; Beamish et al., 2018). The R70 ini-
tial self-heating rate parameter normally obtained from
these tests is rated using a relative scale. Evaluation of
the resulting intrinsic SCC propensity rating enables a

Table 1: The Ryo Classification (based on Queensland
and New South Wales coal conditions)

general appraisal of the possible likelihood of an SCC
event to commence; however, it provides no indication
of the timeframe in which an event can occur under the
prevailing site conditions (Beamish et al., 2018).

The essence of the R70 method is as follows. The
ground (with particle sizes of <212 um) coal sample is
dried in an adiabatic oven at a temperature of 105-110 °C
for 16 hours under inert gas flow (nitrogen). At the same
time, still under nitrogen, the coal is cooled to 40 °C in
the same environment, and after that, it is stored in an
oxygen-rich airflow at a temperature of 40 °C. Under the
latter conditions, coal oxidation is being initiated and the
processes of self-heating are observed. The average rate
of coal heating from 40 to 70 °C is considered to be the
index R70 (°C/h). The higher the value of such an index,
the more prone the coal is to spontaneously combust (see
Table 1). Such a method is the most efficient one with
respect to the simple characterization of coals propensity
to oxidation and self-heating (Beamish et al., 2000, Ari-
soy and Beamish, 2015).

2.2.2. Testing system

Figure 3 shows a simplified diagram of the set uti-
lized for the oxidation of coal. Figure 4 shows a sche-
matic sample container (bomb) of the apparatus. The
instrument consists of the following, which shown in
Figure 5, and was made in the Shahrood University of
Technology in Iran (Faculty of Mining, Petroleum &
Geophysics Engineering).

* a temperature-programmed adiabatic oven (used to
control the temperature of the coal sample, whose
temperature ranges from room temperature to
400°C with a precision of 1°C in the control);

Queensland New South Propensit
Class |R70 value Wales R70 I“atiII:I) y
(°C/h) value (°C/h) &
I R70<0.5 R70<1 Low (L)
i 0.5< R70<1 1<R70<2 (LL‘)ﬁ;Medium
I |1<R70<2 2<R70<4 Medium (M)
v 2<R70<4 4<R70<8 High (H)
% 4<R70<8 8<R70<16 Very High (VH)
VI |8<R70<16 16< R70<32 %;rg High
Extremely High
VII R70>16 R70>32 (EH)
3
f 1) 1)
4
1 2

1- Nitrogen cylinder
2- Oxygen cylinder
3- Rubber tube

4- Flow meter

5- Power supply

6- Control panel (Data logger, Power controller, Temperature controller)

7- Computer

8- Adiabatic oven
9- Reaction vessel
10- Electric heater
11- Copper tube
12- Thermocouple

Flow lines

Electrical lines

Figure 3: A schematic outline of the device applied for the oxidation test system
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Figure 5: The testing system

* an electric heater;

* a fan;

 asample container (bomb) (made of pure aluminum
and is respectively connected with an inlet for air
supply path, thermocouple for temperature meas-
urement and an outlet for the air outlet path) (see
Figure 4);

* a 15 m gas preheating copper tube;

* two thermocouples (Thermocouple #1, used to
monitor the oven temperature, and thermocouple
#2, used to measure the coal sample temperature);

* JUMO Dicon touch (control panel), which consists
of:
* data logger (to record the temperature changes in
the coal sample over time);

* micro controller (the programmed adiabatic oven
was set to increase the temperature with a micro
controller);

* a computer;

* a 50 kg O, gas cylinder (the air supply system);

* a 50 kg N, gas cylinder (for drying the coal samples
in 105-110 °C for 16 hours);

* a pressure reducing valve;

* a flow meter.

3. Case study: Tabas Parvadeh coal mines

Two main basins of coal resources exist in Iran, one in
Northern Iran and the other in central Iran, and both are
well-known as the Alborz and Central basins, respec-
tively. The Tabas coalfield is a major contributor to Iran
metallurgical coking coal deposits, which is located in
the Tabas block in central Iran (Ahangaran et al., 2011).

The Tabas coalfield district is about 1200 square kilo-
meters, which is divided into different sub-zones, name-
ly Parvadeh, Mazinu, and Nayband (Yazdi and Shira-
vani, 2004).

The Parvadeh coal deposit in the middle of the Tabas
coalfield is located about 85 km SE of the city of Tabas
in the Southern Khorasan province in central Iran where
the climate is hot and dry (see Figure 6). This deposit is
structurally a long anticline which is oriented in an E-W
direction. The study area is one of the very active and
complicated areas from the viewpoint of tectonics and
seismicity in Iran.

The Parvadeh basin includes five coal seams, namely
Cl1, C2, B1, B2, and D; it is worth noting that the B and
C coal seams are minable based on their quality and
quantity, especially the C1 and B2 seams that have better
qualities. The Tabas coal basin stratigraphic column is
illustrated in Figure 7 (Sereshki et al., 2016; Afzal,
2018; Mohtasham Seyfi et al., 2018).

4. Experimental investigations

To evaluate the propensity of coals to the SCC, it is
important to determine the coal intrinsic characteristics
analysis to establish a relationship between these charac-
teristics and R70 values, and the results of experimental
investigations are given in Figure 8.

Each of the coal samples have been tested with R70
experimental setups. The R70 curves for Tabas Parvadeh
coal mines samples are shown in Figure 9. Their respec-
tive R70 values are contained in Table 2 and were clas-
sified based on Table 1. It can be seen that coal Samples
4 and 6 have a high potential for the SCC. This high
potential is due to high moisture content, high pyrite
content, high vitrinite content, high liptinite content, and
no inertinite content, in comparison to other samples.
These values and ratings are generally consistent with
the characteristics of differences between the samples.

5. Results and discussion
(Correlation between coal intrinsic
characteristics and R7o0 method)

Having an in-depth understanding of the correlation
between coal intrinsic characteristics and the SCC liabil-
ity is a very important issue in coal mine management.
This science is mandatory for detecting and preventing
the occurrence of the SCC phenomenon. Coal intrinsic
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Figure 6: Geographical location of the Tabas Parvadeh coal mine

characteristics can have an effect on this phenomenon,
some of which accelerate this process and other charac-
teristics decelerate this process. Hence, based on the re-
lationship regression between these characteristics and
R70 values, the correlation study was carried out. The
intrinsic parameters were determined and R70 was taken
as an independent variable; the results of the correlation
study are plotted in Figures 10-a to 10-h, the relation-
ships were described and their role was determined.

The R? values were utilized to measure the trends and
any noteworthy connections between the intrinsic prop-

erties and R70 index. The study interpreted the relation-
ship between the intrinsic properties and the SCC liabil-
ity index based on the set criterion, which are presented
in Table 3. The effect of coal intrinsic characteristics on
the SCC is described in the following sections.

5.1. The mutual effect of moisture
and pyrite contents

The tests performed show that moisture and pyrite
content play a very important role in the initiation of the
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SCC. So, the SCC accelerates with the combination of
pyrite and moisture at the same time. It acts as an impor-
tant foundation for the SCC (Figures 10-a and 10-b).

In Figures 10-a and 10-b, the correlation displays R?
01 0.913 and 0.9309 for moisture content and pyrite con-
tent with R70 values, respectively. Based on Table 3, the
correlation between moisture content and R70 values is
a strong relationship and the correlation between pyrite
content and R70 values is a perfect relationship.

Pyrite acts as an effect as its oxidized product acceler-
ates the rate of oxidation of natural mixes present in
coal. The pyrite oxidation prompts the formation of fer-
ric ions which catalyses the reaction, as shown in Equa-
tions 4 to 7, and Figure 11. Additionally, pyrite oxida-

100 (m)

Limestone

Siltstone

tion results in swelling which in turn causes breakage of
the coal particles expanding the surface area for en-
hanced oxidation.

The specific heat of pyrite is only one-third of that of
coal; but with the same heat absorption, the temperature
rise of pyrite is three times higher when compared to
coal (Deng et al., 2015). Moreover, pyrite does not react
effectively without the presence of moisture and in a dry
state does not contribute to the thermal runaway process
(Arisoy and Beamish, 2015).

Coal with increasingly reactive pyrite content does
not achieve thermal runaway any faster in a dry state,
but it does in a moist state. So, the key exothermic pyrite
reaction occurs with oxygen within the presence of
moisture.

Several equations for the reactions of pyrite, oxygen,
and moisture are available in the past researches. For ex-
ample, the reaction for pyrite oxidation has been given
in Equations 4 to 7.

FeS, +8H20+%O2 -
— FeSO,.7H,0+H,SO, (AH =-1465.49kJ) (4)
(Weise Jr et al., 1987)

FeS, +8H,0+ 70, — FeS0,.7H,0+S0,> +2H" (5)
(Beamish et al., 2012)

FeS, +70, +16H,0 —

— 2H,S0, +2FeSO,.7H,0+1321 kJ (6)
(Arisoy and Beamish, 2015)

J Mudstone
¥ 0,+H,0
) . . . FeS, —229 ;5 FesO, <2+:2Fe2 (SO,); (7)
Figure 7: Tabas coal basin stratigraphic column O, +H,0+FeS,
(Sereshki et al., 2016; Mohtasham Seyfi et al., 2018) (Deng et al., 2015)
Coal Properties Analysis
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Figure 8: The proximate and petrographic characterization analysis of Tabas Parvadeh coal mines
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Figure 9: Curves of R7o test results for Tabas Parvadeh coal mines samples
Table 2: Values of R70 (°C/h) test method in Tabas Parvadeh coal mines samples
Sample No. 1 2 3 4 5 6 7
Parvadeh No. Parvadeh 1 |Parvadeh 1 |Parvadeh2 |Parvadeh2 |Parvadeh2 |Parvadeh3 |Parvadeh4
Seam- Panel C1-W3 CI1-E3 Cl1-Block 4 |B1-Block 3 |B2-Block?2 |Cl1-Block 1 |Cl1-Block 1
R70 Values (°C/h) 427 492 5.65 7.74 4.20 8.34 5.00
Class (Queensland) v A% \% \% \Y VI A%
Class (New South Wales) |1V v v v v A% \Y

Table 3: Criterion set for factors affecting the SCC liability
(Glantz et al., 1990; Rumsey, 2015; Onifade and Genc,

2018)
Category | Criterion Remarks
1 R? between Variable indicates a perfect
0.95 and 1 relationship
) R? between Variable indicates a strong
0.51 and 0.94 | relationship
3 R? between Variable indicates a moderate
0.25 and 0.50 |relationship
4 R? between Variable indicates a weak
0.1 and 0.24 | relationship
5 R*<0.1 but | Variable indicates a very weak
not zero relationship
Variable indicates no
2
6 R*of zero relationship at all

The above equations suggest that oxygen and mois-
ture are two prime weathering parameters, which add to
the pyrite modification and additionally prompt the for-
mation of sulphuric acid as a by-product of the alteration
process. The presence of moisture doubles the reactivity
rate of coal and the presence of pyrite in dispersed form
10 fold the actual reaction rate.

These reactions can occur at low temperatures and
also, all of the reactions are exothermic reactions. The

heat generated from these reactions doubles that of coal
with similar oxygen (Garcia et al., 1999; Martinez et
al.,, 2009). As shown in Figure 12, the existence of
moisture and pyrite contents on coal can accelerate the
process and this is a big promoter for the occurrence of
the SCC, which is described based on Equations 4 to 7.

5.2. Effect of ash content

In Figure 10-c, the general trend effect of ash content
on the SCC using the R70 test method is shown. Based
on Table 3, the R? is moderate in this correlation (R? is
0.2901), based on literature, there is a decrease in the
R70 values and an increase in the time to reach the ther-
mal runaway as the ash content in the coal increases, and
the SCC potential decreases (Kaymakei and Didari,
2002; Beamish and Blazak, 2005). It is evident that
there is a negative relationship between ash content and
the SCC potential. This means that as ash content in-
creases, the SCC liability decreases. This relationship is
due to the ash content in the coal acting as a heat sink
and so it absorbs heat from oxidation reactions, and ash
content prevents coal temperature from rising.

5.3. Effect of volatile matter

In Figure 10-d, the effect of volatile matter on the
SCC using the R70 test method is shown. The R? value
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Figure 10-a: Results of correlation between moisture
content and Ryo values
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Figure 10-b: Results of correlation between pyrite content
and Ryo values
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Figure 10-c: Results of correlation between ash content
and Ryo values
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Figure 10-d: Results of correlation between volatile matter
and Ryo values

for volatile matter is considered 0.1734. Based on Table
3, this is an indication that volatile matter has a weak
effect size. Based on literature, as the volatile matter in-
creases, the oxidation capacity of coals is more likely to
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<
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Figure 10-e: Results of correlation between fixed carbon

and Ryo values
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Figure 10-f: Results of correlation between vitrinite
and Ryo values
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Figure 10-g: Results of correlation between liptinite
and Ryo values
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Figure 10-h: Results of correlation between inertinite
and Ryo values

increase in general (Raju, 1988; Chandra and Prasad,
1990). So, the R70 values are increased and the SCC
potential is enhanced. This relation is due to the volatile
matter acting as a fuel and this forms one of the sides of
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Figure 11: Effect of pyrite content on accelerating the SCC
mechanism
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Figure 12: Effect of moisture and pyrite on accelerating
the SCC mechanism (Saffari et al., 2019b)

the fire triangle. So, in coal samples with a high volatile
matter, the propensity of the SCC is increased.

5.4. Effect of fixed carbon

In Figure 10-e, the general trend effect of fixed car-
bon on the SCC using the R70 test method is shown. The
R? is moderate in this correlation (R? is 0.2925) and
based on literature, with an increase of fixed carbon on
coals, the R70 values are decreased and the SCC poten-
tial decreases (Beamish et al., 2001; Beamish, 2005).
It has been known that the low rank coals (low fixed
carbon) have a high propensity to spontaneously com-
bust because these coals will have high moisture and
high volatile matter contents in comparison to the high
rank coals.

5.5. Effect of macerals content

Coal macerals are classified into three major organic
groups, vitrinite, liptinite, and inertinite based on their
compounds. One of these classifications is given by Van
Krevelen (1961) and shown in Figure 13. The plot
shows the differences between macerals, the variation
within macerals and the changes in their composition
with increasing coalification (Saffari et al., 2019c¢, d).

As seen in Figure 13, liptinite, and vitrinite have a
higher H/C and O/C ratio in comparison to inertinite,
respectively. The existence of H and O in coal acceler-
ates the SCC potential (Michalski et al., 1990). So, the
existence of liptinite and vitrinite in coal samples causes
a higher SCC potential. The effect of macerals on the
SCC using the R70 test method is shown in Figures 10-f
to 10-h, which will be followed in more detail in further
subsections.

H/C
-

0.00 025 0.50
0/C

Figure 13: A Van Krevelen plot showing approximate bands
for the three main maceral groups (Van Krevelen, 1961)

5.5.1. Vitrinite Group

The main characteristics of the vitrinite group are de-
scribed by Stach (1982), and Chaudhuri (2016). The
most critical processes of vitrinite formation from pre-
cursors are humification and gelification. Humification
includes moderately dynamic oxidation, which might be
quickened by the expansion of oxygen. In the presence
of oxygen, the lignin is first assaulted by wood destroy-
ing fungi and then aerobic bacteria and is converted into
a humic substance. Moreover, these groups of macerals
have a higher H/C and O/C ratio (see Figure 13), thus
the existence of H and O in coal accelerates the SCC
potential. In Figure 10-f, the results of the vitrinite fit
R70 values are shown, and R? based on Table 3 is strong
in this correlation (R? is 0.8952). The results show that
with an increase in vitrinite in coal samples, the sustain-
ability of these coals to spontaneously combust is en-
hanced.
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5.5.2. Liptinite Group

The main characteristics of the liptinite group are de-
scribed by Stach (1982), and Chaudhuri (2016). It
originates from relatively hydrogen-rich plant material,
and generally, liptinite contents have high hydrogen
content, which influences the technological properties of
coal (Chaudhuri, 2016).

Also, this type of maceral has a higher H/C and O/C
ratio (see Figure 13), thus the existence of H and O in
coal accelerates the SCC potential. So, coal with a high
percentage of liptinite contents is sustainable to SCC. In
Figure 10-g, the results of liptinite fit R70 values are
shown, and R? based on Table 3 is perfect in this correla-
tion (R? is 0.9961). The results show that with an in-
crease of liptinite in a coal sample, the sustainability of
these coals to spontaneously combust is enhanced, and
R70 values are increased.

5.5.3. [nertinite Group

The main characteristics of the inertinite group are
described by Stach (1982), and Chaudhuri (2016). The
chemical composition of inertinite shows a higher car-
bon and lower oxygen and hydrogen content, in contrast
to vitrinite (Van Krevelen, 1993). So their rank is higher
in comparison to the macerals of the vitrinite and lipt-
inite groups (Chaudhuri, 2016).

Also, this type of maceral has a lower H/C and O/C
ratio in comparison to liptinite, and vitrinite (see Figure
13). So, coal with a high percentage of inertinite content
is not sustainable for the SCC. In Figure 10-h, the re-
sults of the inertinite fit R70 values are shown, and R?
based on Table 3 is strong in this correlation (R? is
0.9201). The results show that with an increase in the
inertinite content in a coal sample, the sustainability of
these coals to spontaneously combust is decreased, and
R70 values are also decreased.

6. Conclusions

The SCC is one of the worst hazards in coal indus-
tries. So, a better understanding of the tendency of the
SCC could be a great advantage in the schematization of
coal mining. Hence, in this study, the SCC propensity
was measured experimentally using the R70 test method
in Tabas Parvadeh coal mines, and statistical analysis
was done. The statistical analysis showed that the SCC
liability of coals can be determined by various intrinsic
factors.

The results show that the B1 seam in Parvadeh II and
C1 seam in Parvadeh III have a high potential of the
spontaneous combustion of coal, which is due to high
moisture content, high pyrite content, high vitrinite con-
tent, high liptinite content, and no inertinite content, in
comparison to the other seams in the other mines in
Tabas Parvadeh.

The following findings are drawn from the present in-
vestigations:

1. It has been discovered that a precise characteriza-
tion of the level of oxidation could be a helpful instru-
ment to quantify the relative liability of coals toward the
SCC.

2. Statistical analysis reveals that R70 and coal char-
acteristics analysis have a coefficient of determination
(moisture (R*=0.913), pyrite (R*=0.9309), ash (R*=
0.2901), volatile matter (R>=0.1734), fixed carbon (R*=
0.2925), vitrinite (R>=0.8952), liptinite (R>=0.9961), in-
ertinite (R>=0.9201)); and can be used to predict the
SCC of coal, but moisture, pyrite, vitrinite, liptinite, and
inertinite contents have a high influence on the liability
of coal to spontaneously combust in this coalfield.

3. An increase in moisture, pyrite, vitrinite, liptinite,
and volatile matter contents enhances the SCC potential
in Tabas Parvadeh coal mines.

4. From the statistical analysis, the results show that
the propensity of Tabas Parvadeh coals to spontaneously
combust decreases with an increase in the content of ash,
fixed carbon, and inertinite.

5. The outcomes achieved in this investigation might
be utilized as a reliable tool to support previous work on
the role of inherent properties on the SCC.
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SAZETAK

Procjena spontanoga izgaranja ugljena uporabom metoda testiranja R7o
na temelju korelacije konstitucijskih svojstava ugljena
(primjer rudnika ugljena Tabas Parvadeh, Iran)

Spontano izgaranje ugljena prirodni je fenomen i glavna opasnost industrije ugljena. Taj fenomen utjece na razne aspek-
te odrzivoga razvoja (gubitak Zivota, veliki ekonomski gubitci i onec¢i§c¢enje okoli$a). Svrha je ovoga istrazivanja procjena
toga fenomena u rudniku ugljena Tabas Parvadeh u Iranu primjenom metode R7o koja se temelji na korelaciji izmedu
unutarnjih konstitucijskih znacajki ugljena pri postanku. Najprije je ugljen uzorkovan iz lezista Parvadeh [ do IV i odre-
dene su konstitucijske znacajke ugljena. Zatim je provedena procjena spontanoga izgaranja ugljena upotrebom R7o
metode. U posljednjoj fazi odredena je korelacija izmedu konstitucijskih znacajki ugljena i vrijednosti dobivenih meto-
dom Ryo. Rezultati su pokazali da uzorci B1 iz Parvadeh Il i C1 iz Parvadeh III imaju visoku sklonost spontanomu izga-
ranju. ZabiljeZzeno je da povecanje sadrzaja vlage, pirita, vitrinita i liptinita povecava tendenciju spontanoga izgaranja
ugljena. Dobiveni rezultati imaju velik utjecaj na upravljanje ovim fenomenom u rudnicima Tabas Parvadeh.

Kljuéne rijedi:
odrzivi razvoj, spontano izgaranje ugljena, rudnici ugljena Tabas Parvadeh, konstitucijske znacajke ugljena, R70 metoda
testiranja
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