
Perm Journal of Petroleum and Mining Engineering. 2017. Vol.16, no.4. P.350-356. DOI: 10.15593/2224-9923/2017.4.6 

PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 
ВЕСТНИК ПНИПУ. ГЕОЛОГИЯ. НЕФТЕГАЗОВОЕ И ГОРНОЕ ДЕЛО 
ISSN 2224-9923 
Volume / Том 16 №4 2017 
http://vestnik.pstu.ru/geo/ 

 

Вестник ПНИПУ. Геология. Нефтегазовое и горное дело. 2017. Т.16, №4. С.350–356. DOI: 10.15593/2224-9923/2017.4.6 

УДК 662.749.319:539.215.4:620.193.94 

Article / Статья                                                                                                                               PNRPU / ПНИПУ, 2017 

DISPERSION OF THE G-TYPE COAL DUST OF THE VORGASHORSKOE FIELD  
AND ITS INFLUENCE ON THE THERMAL DESTRUCTION PROCESS 

Vladimir A. Rodionov, Leonid V. Pikhkonen, Sergey Ya. Zhikharev1  
Saint Petersburg University of State Fire Service of EMERCOM of Russia (149 Moskovskiy av., Saint Petersburg, 199105, Russian Federation) 
1Mining Institute of the Ural Branch of the Russian Academy of Sciences (78 Sibirskaya st., Building A, Perm, 614007, Russian Federation) 

ДИСПЕРСНОСТЬ КАМЕННОУГОЛЬНОЙ ПЫЛИ МАРКИ Ж ВОРГАШОРСКОГО  
МЕСТОРОЖДЕНИЯ И ЕЁ ВЛИЯНИЕ НА ПРОЦЕСС ТЕРМИЧЕСКОЙ ДЕСТРУКЦИИ 

В.А. Родионов, Л.В. Пихконен, С.Я. Жихарев1  
Санкт-Петербургский университет государственной противопожарной службы МЧС РФ (196105, Россия,  
г. Санкт-Петербург, Московский пр., 149) 
1Горный институт Уральского отделения Российской академии наук (614007, Россия, г. Пермь, ул. Сибирская, 78а) 

Received / Получена: 31.08.2017. Accepted / Принята: 12.10.2017. Published / Опубликована: 01.12.2017 
 

Key words: 
granulometric analysis, technical 
analysis, dispersion composition, 
pyrolysis of coal, explosive dust, 
coal dust, differential thermal 
analysis, thermogravimetry. 
 

 Results of a comprehensive study of coal dust obtained from the G-type coal of Vorgashorskoe field are presented. The 
main research methods used in the work are granulometric, thermogravimetric and differential thermal analysis. 
The granulometric sieving carried out confirmed the heterogeneity of the sample with size of 0-200 μm fraction for a 
technical analysis. It is established that fractions of less than 100 μm size account for more than 50 % of the total sample 
mass. The results obtained suggested that result can be different depending on the content of a fraction in the overall
technical sample sent for an analysis. However, this is probably acceptable in a technical analysis of coal dust samples but 
not for determination of explosive and fire hazard indicators. In order to study the effect of the dispersion composition of 
dust on a pyrolysis process in the air (oxidizing) medium for each of the fractions of 0-200 μm and additionally for larger 
fractions studies were carried out using thermogravimetry and a differential thermal analysis 
The thermogravimetric analysis confirmed the hypothesis about the ambiguous behavior of coal dust during its pyrolysis depending 
on the dispersion composition. Two fractions showed the same behaviont during the thermal pyrolysis. The fraction of 63-94 μm is 
the boundary one between 0-45 and 45-63 μm and remaining fractions of larger than 94 μm in size. That fact indicates that during 
determination of the explosive fire hazard properties it is necessary to investigate dust samples of dispersive composition from 0 to 
100 μm, i.е. a narrower fraction than in the technical analysis of samples from 0 to 200 μm. Express analysis of the obtained data of
differential thermal analysis showed a difference in thermal degradation between the fractions of interest at the initial stage 
(250-330 °C). The results obtained allowed to draw a conclusion about the expediency of the study of coal dust of dispersive 
composition from 0-100 μm. It also showed the necessity of using methods considered in the paper for a detailed study of physical
and chemical parameters of coal dust and an assessment of its explosive and fire hazard properties. 
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 Изложены результаты комплексного исследования каменноугольной пыли, полученной из каменного угля марки Ж
Воргашорского месторождения. Основными методами исследования, примененными в работе, были методы
гранулометрического, термогравиметрического и дифференциально-термического анализа.  
Проведенный гранулометрический рассев подтвердил неоднородность пробы размером фракции 0–200 мкм для технического 
анализа. Установлено, что на долю фракций размером менее 100 мкм приходится более 50 % от общей массы пробы. 
Полученные результаты позволили предположить, что в зависимости от содержания той или иной фракции в общей
технической пробе, направленной на анализ, результат может быть различным. Однако при выполнении технического анализа
пробы каменноугольной пыли, возможно, это и допустимо, а при определении взрывопожароопасных показателей нет.
С целью изучения влияния дисперсионного состава пыли на процесс пиролиза в воздушной (окислительной) среде для
каждой из фракций 0–200 мкм и дополнительно для более крупных фракций были выполнены исследования методами 
термогравиметрии и проведен дифференциально-термический анализ. Данные термогравиметрического анализа подтвердили 
предположение о неоднозначном поведении каменноугольной пыли при ее пиролизе в зависимости от дисперсионного 
состава. Две фракции показали одинаковое поведение при термическом разложении, фракция 63–94 мкм является 
пограничной фракцией между 0–45 и 45–63 мкм и остальными фракциями большего, чем 94 мкм, размера. Данный факт 
свидетельствует о том, что при определении взрывопожароопасных свойств необходимо исследовать пробы пыли
дисперсионного состава от 0 до 100 мкм, т.е. более узкую фракцию, чем при проведении технического анализа проб от 0 до
200 мкм. Экспресс-анализ полученных данных дифференциально-термического анализа показал разницу при термической 
деструкции между рассматриваемыми фракциями на начальном этапе (250–330 °С). Полученные результаты позволили 
сделать вывод о целесообразности исследования каменноугольной пыли дисперсионного состава от 0–100 мкм, а также 
показали необходимость применения рассмотренных в статье методов для детального изучения физико-химических 
параметров угольной пыли и оценки ее взрывопожароопасных свойств.
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Introduction 

In order to assess the quality of coal  
a technical analysis is carried out using known 
standard techniques. The study object is not the 
coal itself but samples dispersed to a fraction of  
0-200 (212) μm [1-7].  

Such a wide range where technical parameters 
and explosive & fire hazard properties are 
recommended to determine is defined in the 
current standards. Many researchers have studied 
the influence of the dispersion composition of coal 
on its fire-fighting properties well enough. Most 
papers prove that the lowest the fractions the 
highest the explosion hazard [8-10]. However, 
only with use of modern instruments and 
equipment that allow to use thermogravimetric 
(TG) and differential-thermal (DTA) analysis it 
has become possible to identify new quantitative 
and qualitative dependencies of the effect of the 
dispersion composition of coal dust on the 
pyrolysis process. The experimental data obtained 
by us indicate that the localization of the 
dispersion composition of coal dust changes its 
explosive and fire hazard properties [8-15]. 

Over the past few years coal mining has 
grown, which led to an increase in emergency 
situations, including fatal (mass death of miners) 
[16-19]. These circumstances indicate the need to 
find new approaches to solving industrial and fire 
safety issues related to ensuring security at the 
facilities of the mineral and raw materials 
complex [20-26]. 

One of the solutions aimed at improving fire 
and industrial safety is the application of modern 
scientific methods for determining technical 
indicators of coal as raw materials, as well as its 
explosive and fire hazard properties [27-31]. 
Taking into account that studies were not 
conducted to determine the explosive and fire 
hazard properties aimed at studying the behavior of 
coal dust of different fractions (from 0 to 200 μm), 
we attempted to investigate the pyrolysis of 
individual fractions in an oxidizing medium.  

Objective  

Carry out the dispersion analysis of standard 
samples prepared for technical analysis and 
evaluate the impact on the process of pyrolysis in 
the oxidizing environment of each fraction of coal 
dust of G-type coal. 

 

 

Object of study 

The object of the study were samples of G-type 
coal from the Vorgashorskoe field, dispersed and 
scattered into fractions. Fractional compositions 
are 0-45, 45-63, 63-94, 94-125, 125-140, 140-200, 
200-250 and 250-315 μm. 

Methods and procedures of study 

In order to achieve the goals we applied 
methods of analysis of variance, dry granulometric 
sieving and methods of thermogravimetry and 
differential thermal analysis. 

G-type coal from Vorgashorskoe field was 
sampled for the study. A selected sample of coal 
was prepared for grinding on the vibratory cone 
mill-crusher VKMD-10. After grinding, the 
obtained dispersed mass of coal was directed to 
dry sieving. 

The Fig. 1 shows the appearance of the analytical 
sieve machine series AS 200 produced by Retsch.  

 
a                                     b 

Fig. 1. The look of the sieving machine with a  
ground electrode for the static electricity generated:  
1 – vibration shifter; 2 – adjustment of sieving time (a);  
     an enlarged set of sieves indicating the sieve cell (b) 

This type of scattering machine provides a 
smooth, unstressed way of sieving. With an 
unstressed sieving method, the cells are practically 
not clogged and are easily cleaned of residues. 
Since there is no effect of "punching" of particles 
in the impact sieving method, fractions are 
obtained in more rigorous forms with respect to the 
dispersion parameters. 

Results of granulometric sieving of the selected 
sample of G-type coal, ground by VKMD-10, are 
given in the table. 

It can be seen from the table that fractional 
composition is not homogeneous. There are 32.77 % 
for share of the fraction 63-94 and more than 55 % 

 Pan 
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for fractions less than 94 microns. The data obtained 
confirm the need to study the explosive-fire hazard 
properties of smaller dust fractions but not just those 
of dispersion less than 212 μm. 

Results of the screening of a sample  
of G-type coal from Vorgashorskoe field 

Dispersion of fraction, μm Fraction output, % 
0–45 3.78 
45–63 18.56 
63–94 32.77 

94–125 14.58 
125–140 9.74 
140–200 20.55 

 

Further studies of the pyrolysis process were 
carried out on the STA 449 F3 Jupiter unit. Air 
(oxidizer-oxygen of air) is chosen as the oxidizing 
medium. Experimental conditions are chosen 
taking into account results of previous researchers 
and available techniques for the thermogravimetric 
analysis. The installation represents a combined 
TGA/DSC/CTA-analyzer, STA 449 F3 Jupiter, 
running under the NETZSCH Proteus Termal 
Analysis software package. During the experiments, 
thermogravimetric, differential-thermal analysis and 
software express processing of the obtained data 
were used. 

The choice of test conditions and applied 
methods is based on the analysis of papers and 
regulatory data [32-41]. 

Test conditions: thermocouple (module) – type S; 
mass of sample – 10 mg; heating rate is 20 °C/min; 
gas flow rate (air) – 40/60 ml/min; final heating 
temperature – 900 °C; thermostating for 10 min at 
900 °C and cooling; oxidizing medium – air. 

The Fig. 2 presents the result of the 
thermogravimetric study of the pyrolysis process 
of fractions 0-45, 45-63, 63-94, 94-125, 125-140, 
140-200. In addition, larger dust fractions, in 
particular 200-250 and 250-315 μm, are also 
shown in the Fig. 2. 

It can be seen from the data shown in Fig. 2, 
that the TG curves divided into three groups and 
DTA curves also formed three groups with a 
fractional composition similar to the TG groups.  

The first group included fractions of 0-45 μm 
(black curve) and 45-63 μm (lilac curve). The 
second curve, which is the "boundary" between the 
first and third groups, is represented only by the 
fraction 63-94 μm (red curve). The third large 
group of coincided (overlapping) curves is made 
up of the remaining fractions: 94-125, 125-140, 

140-200, 200-250 and 250-315 μm (lower in Fig. 3 
and 4, the third group is represented by fraction 
250-315 μm of blue color). To be clear and have 
possibility of comparing the results of the TG and 
DTA analyzes in Fig. 3 and 4, the curves of the 
same fraction have the same color as in Fig. 1. The 
black color corresponds to a coal dust fraction with 
a dispersion of 0-45 μm, a red color of 63-94 μm 
and a blue color of 250-315 μm.  

 
Fig. 2. Graphs of thermogravimetric and  
differential-thermal analysis of samples  

of coal dust of different dispersity 

 
Fig. 3. Graphical display of thermogravimetric analysis 

 data for coal dust samples with a dispersion  
of 0-45 (black), 63-94 (red) and 250-315 (blue curve) μm 

 
Fig. 4. The results of program express processing  
of the dDTA curves using the NETZSCH Proteus  

Termal Analysis software package: 0-45 μm – black,  
63-94 μm – red and 250-315 μm – blue curve 

The results obtained confirmed the assumption of 
ambiguity of the behavior of coal dust as a function 
of its dispersity under heating conditions in an air 
(oxidizing) medium. In addition, results of TG and 
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DTA analysis have shown the need to study narrow 
fractions, rather than the fraction 0-212 μm, as 
prescribed by regulatory documents [3-7, 13]. 

The results of program express processing of 
TG curves using the NETZSCH Proteus Termal 
Analysis software are shown in the Fig. 3. 

According to the express data of the software 
analysis, shown in the Fig. 3, it can be seen that the 
beginning of the thermal destruction of samples 
of fraction 0-45 and 63-94 μm completely 
coincides. The set of mass in the temperature range 
250-350 °C indicates a possible appearance of a 
focus of smoldering. The exact temperature of 
smoldering can be determined by comparing the 
data of thermogravimetric (TG), differential-
thermogravimetric (DTG) and/or differential-
thermal analysis by the first derivative (dTA)  
[34-36]. For all other fractions, an increase in mass 
and heating of the sample is not observed, but the 
decrease in mass begins at a temperature  
of 400 °C, i.е. at least 50 °C later. In addition, 
some papers suggest that the inflection point 
corresponds to the maximum yield of volatiles and 
the autoignition temperature of the substance 
[32, 34-36]. Consequently, if we rely on fractional 
composition data without knowledge of the 
proportional relationship between the fractions and 
thermal characteristics of each fraction, the 
reliability of evaluation of explosive-fire properties 
of coal dust is underestimated significantly.  

The Fig. 4 shows results of differential-thermal 
analysis for the first derivative. They also confirm 
our assumptions about the predominant role of finely 
dispersed fractions in the initiation of oxidation-
reduction processes, which lead to the appearance of 
focus of smoldering at lower temperatures. 

The Fig. 4 shows dTA curves, in which, in 
contrast to DTA curves presented in the Fig. 1, it is 
possible to better visualize endo- and exothermic 
effects occurring in the sample under study. 

In samples with a dispersion of 0-45 and 63-94 μm 
heat  release starts from 175 °C, which, according  

to our assumptions, leads at a temperature of 293 °C 
(fraction 0-45 μm) and 299 ° C (fraction 63-94 μm ) 
to the appearance of smoldering in these samples of 
coal dust. The results correlate well with reference 
values of temperatures of decay, but this can be 
reliably confirmed only after carrying out an 
additional experiment to determine the temperature 
of smoldering by the standard procedure and 
comparing the values obtained. 

For all other samples with a dispersion greater 
than 94 μm, the sample heating starts at 420 °C 
and exothermic peak is determined at a 
temperature of 448.9 °C. The difference between 
the peaks in samples 0-45, 63-94 and 94 μm  
and above is about 150 °C which is significant. 
Besides, the maximum exothermic effect of 
samples with a smaller dispersion is also observed 
at a lower temperature of 677.7 °C than in all other 
samples with a dispersion greater than 94 μm (94-
125, 125-140, 140-200, 200-250 and 250-315 μm). 

Conclusions 

1. In order to increase the reliability of the data of 
technical analysis it is necessary to apply a dispersion 
passport to them, i.e. to provide the data of 
granulometric analysis of the sample sent for technical 
analysis in the accompanying documentation. 

2. That is proposed during determination of 
explosion and fire hazard properties of 
carboniferous dust samples to carry out with 
samples of fractional composition 0-100 μm, rather 
than 0-212 (200) μm, as recommended in [3-7, 13] 
and a number of other regulatory documents. 

3. Methods of thermogravimetric and differential 
thermal analysis with their joint interpretation allow 
to state the explosive and fire hazard properties of 
coal dust during its pyrolysis in the air. That requires 
the development of a package of regulatory legal 
documents that establish requirements for methods 
for determining explosive and fire hazard properties 
of coal dust using thermogravimetric and differential 
thermal analysis. 
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