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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 um fraction for a
technical analysis. It is established that fractions of less than 100 pm 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 um 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 um is
the boundary one between 0-45 and 45-63 pm and remaining fractions of larger than 94 um 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 pm, i.e. a narrower fraction than in the technical analysis of samples from 0 to 200 pm. 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 pm. 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.

H31105keHBI pe3yIbTaThl KOMIUIEKCHOT'O HCCIIEIOBAHUS KAMEHHOYTOJIBHOM TTBUIH, MOJYYE€HHOH U3 KaMEHHOTo yriist Mapku JK
Bopramopckoro MectopoxaeHus. OCHOBHBIMH METOJAMM HCCIEAOBaHHsS, NPUMCHEHHBIMH B paboTe, ObUIM METOJbI
IPaHYJIOMETPUYECKOT0, TEPMOTPABUMETPUUYECKOT0 U AU(PEepeHINaNTbHO-TEPMHIYECKOTO aHaIH3a.

TIpoBe/ieHHBII rpaHyIOMETPUYECKUI PACcCeB MOTBEPIIIT HEOHOPOIHOCTB NP0kl pasmepoM dpakiwn 0-200 MKM 1Sl TEXHIYECKOTo
aHa/mM3a. YCTAaHOBJEHO, YTO Ha Jomo (paxiuii pasmepom Menee 100 mMxm mpuxomutest 6osee 50 % oT oOmiell Macchl MPOOBL.
[oydeHHble pe3ysIbTaThl MO3BOMIUIM IPEIONOKHTh, YTO B 3aBHCUMOCTH OT COICPXKaHWS TOH WM MHOM (pakimu B oOmieH
TEXHUYECKOH 1pode, HaIPaBIICHHOI Ha aHANIN3, PE3YJILTAT MOXKET OBITh PAa3TMUHBIM. OHAKO MPH BBINOIHEHUH TEXHUYECKOTO aHAIN3a
TpoObI KAMEHHOYTOJBHOM ITBUIH, BO3MOXKHO, 9TO M JIOMYCTHMO, a HPH ONpPEACNICHUH B3PBIBONOXKAPOONACHBIX MOKa3aTeNied HeT.
C nenblo M3y4eHWs! BIVSHES JICTIICPCHOHHOTO COCTaBa IBUIM Ha IPOIEcC MMPOJM3a B BO3IYLIHOHM (OKUCIMTENBHOM) cpene Uit
Kaxnoi n3 ¢pakipii 0-200 MKM ¥ JIOTIONHUTEIBHO Ul Oojiee KPYIHBIX (DpaKiwii ObUIM BBINOJHEHbI MCCIICIOBAHHS METOAAMU
TepMOIPAaBUMETPHH U IIPOBEZICH MG (hepeHIMaTbHO-TEPMUUIECKHIT aHAM3. JIaHHbIC TEPMOTPaBUMETPHUECKOTO aHAIN3a TTOTBEP/IMIH
TIPE/IIONIOKEHHE O HEOJHO3HAYHOM IIOBEJICHHH KaMEHHOYTOJBHOW IbUIM NIPU €e MHPONM3E B 3aBHCHMOCTH OT JHCIIEPCHOHHOIO
cocraBa. JIBe (pakimy MOKa3aiM OJMHAKOBOE IOBEACHUE MNPU TEPMUYECKOM paIoKeHHH, ¢pakims 63-94 MM sBisiercs
norpaHuyHoi (paximeit Mexay 0-45 u 45-63 MKM U OcTanbHBIME (pakipsiMu Gosbiiero, 4eM 94 MkM, pasmepa. JlanHbli dakt
CBUJICTENIECTBYET O TOM, YTO HpPH ONPEACICHHH B3PHIBONOXKAPOOIIACHBIX CBOMCTB HEOOXOIMMO HCCIIENOBATh MPOOBI IBUIH
JwcrepcroHHoro cocrasa ot 0 10 100 MM, T.e. OoJiee Y3Kyto (paKiiHio, YeM IpH MPOBEICHUH TEXHUYECKOro aHanm3a mpod ot 0 10
200 MKM. DKCIpecc-aHaIM3 MONYYCHHBIX JAaHHBIX JU((epeHIMATbHO-TEPMUYECKOrO aHAN3a TOKa3al PA3HUILY MPH TEPMHUUECKOI
JIECTPYKIIMA MEXJIy paccMaTpyBAcMbIMK (pakiisiMi Ha HadanbHoM dtare (250-330 °C). IlomydeHHble pe3ysbTaThl TTO3BOJIMIN
c/ienaTh BBIBOJ| O LEJIECOOOPA3HOCTH HCCIICAOBAHMS KAMEHHOYTONBHOM IbUTH IUCHIEPCHOHHOrO coctaBa oT 0-100 MxM, a Takke
MOKa3aM HEOOXOMMMOCTh HPHMEHEHMSI PACCMOTPEHHBIX B CTAThE METOOB /UL JCTAIBHOIO H3YUCHMS (DH3MKO-XUMUUECKHX
TIapaMeTPOB YTOJIBHOH MBUIM U OLICHKH €€ B3PBIBOMOKAPOOTIACHBIX CBOHCTB.

Vladimir A. Rodionov — PhD in Engineering, Associate Professor, Doctorate Student at the Faculty of Highly Qualified Personnel Training (mob. tel.: +007 921 325 83 97,
e-mail: 79213258397@mail.ru). The contact person for correspondence.

Leonid V. Pikhkonen — PhD in Engineering, Head of the Department of Mine Rescue and Explosion Safety (mob. tel.: +007 921 325 83 97, e-mail: igpsmining@list.ru).
Sergey Ya. Zhikharev — Doctor of Engineering, Chief Research Fellow (mob. tel.: +007 919 451 09 51, e-mail: perevoloki55@mail.ru).

PoanonoB Biaagumup AllekceeBHY — KaHINIAT TEXHUYECKHUX HayK, JOLCHT, IOKTOPAHT (haKyJIbTeTa MOrOTOBKH KaJIpoB BhICIIEH KBanmuukamuy (Mod. Tex.: +007 921 325 83 97,
e-mail: 79213258397 @mail.ru). KoHTakTHOE JIMIO IS TIEPETTHCKH.

IMuxkonen Jleonua BajeHTHHOBHY — KaHMIaT TEXHHYECKUX HayK, 3aBSIYIOIIHIT Kaepoii TopHOCTIacaTeNbHOTO Aeja U B3pbIBoOe3onacHocTH (Mo0. Ten.: +007 921 325 83 97,
e-mail: igpsmining@list.ru).

Kuxapes Cepreii SIkoBj1eBHY — JOKTOp TEXHUYECKHX HAYK, ITTABHEI HAYYHBIH COTpyaHUK (M0O. Tem.: +007 919 451 09 51, e-mail: perevolokiS5@mail.ru).

Bectauk ITHUITY. 'eonorus. Hedreraszosoe u roproe nemno. 2017. T.16, Ned. C.350-356. DOI: 10.15593/2224-9923/2017.4.6



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2017. Vol.16, no.4. P.350-356 351

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) pm [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 um),
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 pm.

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.

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 %
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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 pm.

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

Dispersion of fraction, pm 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 um, 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 um
(black curve) and 45-63 um (lilac curve). The
second curve, which is the "boundary" between the
first and third groups, is represented only by the
fraction 63-94 pum (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 um (lower in Fig. 3
and 4, the third group is represented by fraction
250-315 pm 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 um, a red color of 63-94 um
and a blue color of 250-315 um.

—(-45 m  m—45-63 um = (3-94 ym === 250-315 um texo 16
100
DTA of the 1st group: 1.4
30 0-45 and 45-63 pm 12
&0
1.0
=X 604 DTA of the 2nd group: 5
& 63-94 um 0.8 <
=
40 0.6 E
0.4
20 DTA of the 3rd group: 94—125; 125-140; 0.2
140-200; 200-250 and 250-315 um 0.0

100 200 300 400 500 600 700 800 900
Temperature, °C

Fig. 2. Graphs of thermogravimetric and
differential-thermal analysis of samples
of coal dust of different dispersity
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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) um
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Fig. 4. The results of program express processing
of the dDTA curves using the NETZSCH Proteus
Termal Analysis software package: 0-45 um — black,
63-94 um — red and 250-315 pm — 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 um, 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 um 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.e. 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 um
heat release starts from 175 °C, which, according

to our assumptions, leads at a temperature of 293 °C
(fraction 0-45 pum) and 299 ° C (fraction 63-94 pum )
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 um, 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 pm
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 um (94-
125, 125-140, 140-200, 200-250 and 250-315 pm).

Conclusions

1. In order to increase the reliability of the data of
technical analysis it is necessary to apply a dispersion
passport to them, ie. 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 um, rather
than 0-212 (200) um, 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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