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human casualties. There are several sulphide-polymetallic deposits in Azerbaijan, the reserves of
which were approved back in the days of the USSR. Of these, the Filizchay deposit is the most unique in terms of its reserves and ore com-
position. The development of other deposits adjacent to the Filizchay deposit, separately, is inexpedient because of their small reserves.
However, the development of sulphide-polymetallic deposits in Azerbaijan is complicated by the revealed tendency of industrial types of
ores to oxidation and spontaneous combustion. In this regard, there was a need for a special study of the chemical activity of sulphide ores
and the phenomena accompanying oxidative processes, taking into account the natural features of the deposits in order to obtain the initial
parameters necessary for scientifically based technological solutions for their development. Sulphide ores of sulphide -polymetallic depos-
its of Azerbaijan significantly differ in material composition, conditions of occurrence and mining technical features of their development
from the listed deposits, the issues of spontaneous combustion of which have been studied for a long time. Until now, there are no general
criteria for assessing the fire hazard of sulphide ores, suitable for any deposit, since the conditions for the occurrence of underground fires at
different deposits are different. It is this circumstance that makes it necessary to conduct special studies for each deposit separately. There-
fore, the need for a special study of this problem on the example of the conditions of sulphide-polymetallic deposits in Azerbaijan, which
are prone to oxidation and spontancous combustion, is of great importance. Identification of causes and factors affecting spontaneous
combustion of sulphide ores, classification of sulphide-polymetallic deposits of Azerbaijan according to the degree of their tendency to
spontaneous combustion by analyzing the collected materials, as well as by the results of studies to determine the oxidative activity of sul-
phide ores. The article presents the results of experimental studies to determine the oxidative activity and spontaneous combustion of sul-
phide ores of the Katsdag, Filizchay and Katekh deposits, carried out in laboratory conditions by the method of Institute of Mining named
after. A.A. Skochinsky, the basis of which is the determination of the oxygen absorption rate constant. It is known that the susceptibility
of ore to spontaneous combustion is determined by its oxidizability at low temperatures and depends on a large number of factors. In this
regard, the dependence of the total amount of oxygen absorbed by sulphide ores on time has been studied, it has been established that the
rate of oxygen absorption by sulphide ores is long-live and slowly fading, but incessant. On the basis of extensive experimental material,
a classification of sulphide ores of Azerbaijan according to the degree of tendency to spontaneous combustion according to low-tempera-
ture oxidation is proposed, since it is this that forms the basis of the spontaneous combustion process. The classification is also based on
differences in textural and structural features and mineralogical composition of ores. Of great interest is also the influence of the size of the
free reacting surface of the ore on the oxidation process. Analysis of ore samples shows that for their spontaneous combustion, the most
dangerous are its coarse fractions than the dust. The results of the conducted studies allow a scientifically sound approach to planning the
sequence of development and designing mines.

Key words: sulphide ore, sulphide-polymetallic deposit, oxygen absorption, oxygen absorption rate constant, oxidation, spontaneous
combustion, tendency of ore to self-ignite.

JocailzkeHHsl caM03aiiMAHHS OCHOBHHX NPOMMCJIOBHMX THHIB CYJb(iAHHX Pyl KOJT4YeJaHHO-
NnoJliMeTaTiYHUX POOBHUIN A3epOaiiIKaHy
P.T. Icmaiiunos., B.M. Kepimos, C.A. 3eitnanoBa

Asepbatioscancokuil Jlepocasnuii Yuieepcumem nagmu ma npomucioeocmi, Azepoatiodicancovra pecnyonixa, baxy, va-
gifkerimov1968@gmail.com

Awnotanisi. CTaTTs IPUCBsTYCHA TOCTIPKSHHIO IPUYNH Ta YMOB CaMO3aiiMaHHsI Cyab(iTHUX Py, B PE3YIbTATI IKOTO MOXKYTh BUHHKATH
SHJIOTeHHI MOXEXKi, 0 YCKIAJHIOIOTh Ha PYIHMKAX BEICHHS TIPHUYUX pOOIT, IO 3aBIAIOTh BEJIMYE3HMX MaTepiaibHUX 30UTKIB
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HapOHOMY TOCIIOJIaPCTBY, @ HEPIIKO TaKOX MPU3BOASTH JI0 JIOACHKHX jKepTB. B A3epOaiipkaHi € KilbKa KoTueJaHHO-TTONTIMETaII YHIX
POIOBHIIL, 3aMac SIKKX 3aTBepkeHi 1me 3a yaciB CPCP. 3 nux dinizyaiichke poIOBHUIIE € HAWOUIBIIT YHIKAILHIM 32 CBOTMHU 3aracamMmu
Ta CKJIJOM pynu. Po3poOka iHIIMX, 1110 MTPUMHKAIOTh 10 Dii34alicbKoro, poJOBHII OKPEMO HEAOLITbHA Yepe3 HEeBEHKI 3aracy ix.
OpHaK OCBOEHHS KOJTYEIaHHO-MOJIIMETANIIYHUX POJOBHI A3epOaii/pkaHy yCKIaIHIOEThCS CXMIBHICTIO IIPOMUCIOBHUX THIIB PyA IO
OKHCIICHHS 1 caMo3aiiMaHHs, 110 BUSBHIIACS. Y 3B’3KY 3 I[MM BHHHUKJIA HEOOXIMHICTh CIEIiabHOTO BUBYCHHS XiMIYHO! aKTUBHOCTI
cynb}iHUX pyA Ta SIBUII, CYMYTHIX OKHCHHX IIPOILIECIB, 3 ypaxyBaHHSIM INPHUPOJHUX OCOOIMBOCTEH POMOBHUIN ISl OTPHMAaHHS
BUXIJIHUX TapaMeTpiB, HEOOXiJHUX JUIl HAayKOBO-OOIPYHTOBAHMX TEXHOJOTIYHUX pilleHb IMoAo iX po3pobku. Cymedimui pynu
KOJTYEIaHHO-TIONIMETaIYHUX POROBHIN A3epOaiijykaHy 3HAYHO BiJPI3HSAIOTHCS 32 PEYOBMHHUM CKIIAJIOM, YMOBAMH 3QJISITAHHS Ta
TipHUYOTEXHIYHUMHU OCOOJIIMBOCTSIMH 1X PO3POOKH BiJl NEpepaxoBaHUX POJOBHIN, NMUTAHHS CaMO3aiMaHHs SKUX JOCIHiIKYBaJIHCS
MPOTSIrOM TpUBAIOro 4acy. Jlo mux mip He iCHye 3arajbHHX KPHUTEpiiB OLIHKHM HOXKEKOHEOEe3MeKH Cylb(QiTHUX Py, MPUAATHHX
JUIst OyIb-SIKOTO POJIOBHINA, OCKUIBKM CHUTYallisi BHHUKHEHHs IMiJI3EMHUX TOXKEX Ha Pi3HUX pojoBuiiax pizHa. Came It oOCTaBMHA
3MYIIIy€ MPOBOAWTH CHELiajbHi JOCII/DKEHHS JUIl KOKHOTO POJOBHINA OKpeMo. ToMmy HEOOXiJHICTb CHEIiaJbHOrO BHBUCHHS
miei mpoGiaeMu Ha MPUKIAAI YMOB KOTYEJaHHO-MONIMETAIIYHIX POIOBUI A3epOaiijkaHy, sKi MalOTh CXHMJIBHICTH JO OKHCIICHHS i
camo3aiiMaHHs1, Ha0yBa€ Jay)Ke BaKJIMBOTO 3HAYEHHs. BUsABICHHs MpU4YuH i (haKTopiB, 10 BIUTMBAIOTH HAa CaMO3aiiMaHHs CYIb(iTHIX
pyn, kinacudikailisi KoJ4eIaHHO-MOMIMETATIYHAX POMOBHI A3epOailkaHy 3a CTyMEeHeM IXHBOT CXHJIBHOCTI 10 caMo3aiiMaHHS
LIJISIXOM aHalli3y 3i0paHMX MarepiajiB, a TaKOX 3a pe3yJabTaTaMd JIOCHTIDKeHb II0JI0 BH3HAYEHHS OKHUCHOI aKTHBHOCTI CYJIb(iIHMX
pya. Y cTarTi HaBOAATHCS Pe3yJbTaTH eKCHEPHMEHTAIbHUX JOCITI/PKeHb II0JI0 BU3HAYECHHs OKHCHOI aKTMBHOCTI Ta CaMO3aiMaHHs
cynbdinaux pyn Karyiar, ®inizuaii Ta Karexcbkoro pomoBuil, npoBeaeHi B adopatopHux ymoBax meronoM [ipauuoro [HctutyTy
iM. A.A. CKOYMHCBKOTO, OCHOBOIO SIKOTO € BH3HAYEHHs] KOHCTAHTH IIBUJIKOCTI MOIIMHAHHS KHCHIO. BiZoMO, 10 CXMJIBHICTH pyau
JI0 camMo3aiiMaHHs BH3HAYAETHCS i OKMCIIIOBAHICTIO 32 HU3bKUX TEMIIEPATyp 1 3aJISKUTh BiJl BEIHKOI KUIBKOCTI (hakTopiB. Y 1bOMY
JOCII/DKEHHI BHMBUCH 3arajbHOi KUTBKOCTI NMOIIMHEHOTO KHCHIO CYNb(ITHUMM pyAaMH BiJ 4Yacy, BCTaHOBJICHO, IIO IIBHIKICTh
MOTVIMHAHHS KUCHIO CyNb(iTHUMH pylaMH HOCHTh TPHUBAJIMM 1 MOBUJIBHO 3aracaiouuii, aje OesnepepBHUI xapakrep. Ha Bemmkomy
eKCIIEPUMEHTAILHOMY MaTepialli 3arpornoHOBaHO KiacH(pikamilo cymbimHux pyn AsepbaiijpkaHy 3a CTyleHEM CXWIBHOCTI JIO
camo3aiiMaHHs 3a JJAHUMH HU3BKOTEMIIEPATypHOTO OKHCIICHHS, OCKUIBKH CaMe BOHO CTaHOBUTH OCHOBY IIPOLIECY CaMO3ailMaHHSI.
B ocHoBy kiacudikanii MokiageHo TaKOX BiIMIHHOCTI B TEKCTYpPHO-CTPYKTYPHUX OCOOJNMBOCTSX Ta MiHEpPaIOTidYHOMY CKJIami py:I.
Benukwuii iHTEpeC MPeACTaBIsE TAKOXK BIUIMB BEJIMYMHM BUTBHOI TOBEPXHI PyaIH, IO pearye, Ha MpOIec OKUCICHHsS. AHai3 mpod
PyI moKasye, 1o IS iX camMo3aiiMaHHs HalOiIbI HeOe3NeYHNMHE € Oibini (pakiiii, HixK M. Pe3ynsraTi MpoBeeHUX J0CIiKEHb
JIO3BOJISIIOTH HAYKOBO OOTPYHTOBAHO TMiIMTH 10 IUIaHYBaHHS YEPrOBOCTI OCBOEHHS Ta IIPOEKTYBAHHS KOIaJICHb.

Kniouosi crosa: cyiv@iona pyoa, korueoanHo-noiimemanese pooosuue, NOIUHAHNL KUCHIO, KOHCMAHMA WEUOKOCMI NOIUHAHHSL
KUCHIO, OKUCTEHH, CAMO3AUMAHHA, CXUTbHICb PYOU 00 CAMO3AUMAHHSL.

introduction

Sulphide ores are characterized by increased ac-
tivity to atmospheric oxygen. During their develop-
ment, along with the release of natural and tecnolog-
ical gases due to low-temperature oxidation, signifi-
cant oxygen losses, self-heating and the appearance
of sulphur dioxide occur, as well as under favorable
conditions a large amount of dead air is formed.

The presence of dead air poses a real danger to
miners, since deoxygenated air accumulates in isolat-
ed workings or voids formed as a result of excavation
of a mineral. When these accumulations and voids are
opened by mine workings, dead air is released into
the workings. This is confirmed by the practice of de-
veloping sulphide deposits in the Urals, Norilsk and
Azerbaijan, during the development of which there
have been cases of a significant decrease in the oxy-
gen content in the atmosphere of mine workings.

As a result of the oxidation and spontaneous
combustion of sulphide ores, endogenous fires
arose, complicating mining operations in the mines
and causing enormous material damage to the na-
tional economy. In practice, ores of those deposits
were usually considered prone to spontaneous com-
bustion, on which endogenous fires occurred during
their exploitation. As a result, these mines were
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unprepared for fire suppression. This situation led,
firstly, to temporary conservation or even to the ir-
retrievable loss of part of the ore reserves prepared
for excavation in the zones of their spontaneous
combustion and, secondly, to large expenditures of
material and labor resources for the prevention and
control of self-heating and spontaneous combustion
of sulphide ores. A typical example is the practice of
developing copper pyrite deposits in the Urals, the
Tekeli polymetallic deposit (Kazakhstan), Ain-Ben
Meruan (Algeria), United Verde (Arizona, USA),
Homestake (Black Hills, South. Jakota, USA), Chi-
ragidzor, Gadabay (Azerbaijan), Sullivan (Canada),
etc. (Veselovsky et al., 1974; Zaitseva et al., 1975;
Ismayilov, 1975; Pikhlak, 1974; Rapp, 1975; Ermo-
layev and Teterev, 2015).

From a social standpoint, spontaneous combus-
tion of sulphide ores is dangerous to the health and
life of workers in underground workings. Firstly, due
to the reduction to dangerous concentrations in the
mine atmosphere of oxygen absorbed by sulphide
ores during intensive oxidative processes; secondly,
an increase in the content of unsuitable (CO,) or toxic
(SO,, CO, etc.) products of oxidation and subsequent
combustion in the air (Zholmagambetov et al., 2017;
Chao Wu. et al., 2005; Liu Hui etal. ., 2011; Hui Liua,
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et al., 2010). So, for example, at the Sunshine silver
mine (USA), a fire caused by spontaneous combus-
tion of pyrite rocks with crushed wood killed 92 peo-
ple out of 173 who were in the mine.

Therefore, a mandatory item was included to the
SCR instructions for calculating reserves, requiring
the study of the spontaneous combustion of sulphide
ores during detailed exploration and calculation of the
reserves of the deposit (Fig. 1).

Sulphide-polymetallic deposits of Azerbaijan are
composed clayey-shale sandstone of Jurassic age.

Mineralization is represented by one (Filizchay) or
several (Katekh, Katsdag) lenticular deposits, which
include sulphide minerals, quartz and carbonates. The
sulphur content in ores reaches 45-50%. According to
the mineralogical composition, the main part of the
ores is consist by pyrrhotite, pyrite, sphalerite, gale-
na, chalcopyrite and the subordinate arsenopyrite and
magnetite. Detailed exploration has been completed
at the deposits, reserves have been approved, and it
is planned to start developing the Filizchay deposit in
the near future.

Fig. 1. Overview map of Azerbaijan

The Filizchay deposit is considered one of the
biggest in the world and is the most unique by of its
reserves and ore composition. The development of
other deposits adjacent to the Filizchay, separately, is
impractical due to small reserves.

The development of sulphide-polymetallic de-
posits in Azerbaijan is complicated by the revealed
tendency of industrial types of ores to oxidation and
spontaneous combustion (Ismayilov, 1975). Cases of
self-heating and a significant decrease in the oxygen
content in the atmosphere of workings were observed
in the exploration workings of deposits of sulfide ores
in Azerbaijan. Using the rich experience of similar
mines to prevent the oxidation and spontaneous com-
bustion of ores is not possible without knowledge of
the properties of ores that characterize their oxidative
activity and are determined experimentally.

In this regard, there was a need for a special study
of the chemical activity of sulphide ores and the phe-
nomena accompanying oxidative processes, taking
into account the natural features of the deposits in
order to obtain the initial parameters necessary for

scientifically based technological solutions for their
development.

It is known that the tendency of ore to sponta-
neous combustion is determined by its oxidizability
at low temperatures. This is a special case of oxidiz-
ability, and the spontaneous combustion of ore is due
not only to oxidation, but also to heat exchange with
the environment. (Veselovsky et al., 1974; Zholmag-
ambetov et al., 2017).

The tendency of ore to spontaneous combustion
depends on a large number of factors. Therefore, it is
extremely difficult to establish any single-phase crite-
rion determined by the method of laboratory tests of
ore samples. There are many laboratory methods for
testing the chemical activity of solid fossil fuels (Ve-
selovsky et al., 1974; Zaitseva et al., 1975; Ismayilov,
1975).

The disadvantages of all these methods lie in the
fact that the oxidation of coal or ore with gaseous ox-
ygen was replaced by oxidation at increased tempera-
tures, except for the compensation method and the
IM method. Named after A.A. Skochinsky, since it is
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easily reproduced in laboratory conditions. Most re-
search methods are based on continuous heating of a
sample (Liu Hui, et al., 2011; Fu-qiang Y. et al., 2014;
Manakov et al., 1964; Murphy et al., 2009; Hui L.
et al., 2010; Stepanov et al., 1974; Chao Wu., et al.,
2005; Somot et al., 2010; Iliyas et al., 2011; Wang H.,
et al., 2013). Naturally, in this case, not the processes
that take place in reality at the mine are reproduced
(Skochinsky, 2011).

It should be noted that only the method for deter-
mining chemical activity and the compensation meth-
od for determining heat release, where the experimen-
tal conditions are close to natural, correspond to mod-

ern concepts of physical chemistry (Veselovsky et al.,
1972; Zaitseva et al., 1975; Pikhlak, 1974; Zhislina,
1964; Zhang, et. al., 2014; Zhi, et al., 2015).

The tendency of sulphide ores of sulphide-poly-
metallic deposits of Azerbaijan in terms of their
tendency to oxidation and spontaneous combustion
was studied in laboratory conditions by the method
of IM named after. A.A. Skochinsky (Veselovsky et
al., 1974; Ismayilov, 1975;). An indicator of chemi-
cal activity is the oxygen absorption rate constant — U
(ml/g- hour), the value of which for the main indus-
trial types of ores of the studied deposits ranges from
0.072 to 0.005 ml/g-hour (Table 1) (Ismayilov, 1975).

Table 1. Classification of sulphide ores according to the degree of tendency to spontaneous combustion

The oxygen absorption
Deposits Types of ore rate constant U, The tendency to spon-
taneous combustion
ml/g- hour

Katsdag Massive pyrrhotite 0.072 Most tendency

Stringer-disseminated quartz — chalcopyritic 0.016 Tendency
Banded pyrite — polymetallic 0.030 Most tendency

Filizchay Massive pyrite 0.015 Tendency
Spotted-disseminated pyrite 0.006 Low tendency

Massive galena-sphalerite-pyrite 0.011 Tendency
Katekh Clastic shape-massive, galena-sphalerite-pyrite 0.008 Low tendency
Stockwork-stringer-pyrite-sphalerit -galena 0.005 Low tendency

We have proposed to classify sulphide ores of sul-
phide-polymetallic deposits according to the power
of tendency to spontaneous combustion according to
low-temperature oxidation, since it is this that con-
sists the basis of the spontaneous combustion process.

Since spontaneous combustion is a physico-
chemical process, a reliable classification of sul-
phide ores according to the power of tendency to
spontaneous combustion can only be obtained taking
into account the chemical activity of sulphide ores
with respect to atmospheric oxygen during low-tem-
perature oxidation (Table 1). The classification is
based on differences in textural and structural fea-
tures, mineralogical composition and rate of oxy-
gen absorption constant by sulphide ores (U, ml/g
h). According to these signs, various mineralogical
groups of ores with similar spontaneous combustion
indices are combined.

Ores whose activity is equal to or less than the
activity of barren gabbro-diabases are accepted as
non-hazardous in terms of spontaneous combustion,
since cases of their spontaneous combustion are un-
known in practice. (Veselovsky et al., 1974; Pikhlak,
1974; Gorinov, and Maslov, 2017).

According to the proposed classification, massive
pyrrhotite ores of the Katsdag and pyrite-polyme-
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tallic ores of the Filizchay deposits are highly prone
to spontaneous combustion. Stringer-disseminated
quartz-chalcopyrite, massive pyrite-pyrrhotite and
massive galena-sphalerite-pyrite ores are hazardous,
and other types of sulphide ores of the studied depos-
its are less hazardous.

As studies have shown that the massive pyrrho-
tite ore of the Katsdag deposit has the highest activity,
which in terms of U value is close to the most active
ores of the Norilsk copper-nickel deposits.

The results of laboratory studies have shown that
the total amount of oxygen absorbed by ore, rock and
wood is determined by the %ependence (Fig. 2).

Qabs.02 = A7 milg (1)

where Qm;,s’o2 — total amount of absorbed oxygen
of 1 g of ore, rock or wood, ml; A — coefficient, nu-
merically equal to the amount of oxygen absorbed by
ore, rock and wood at T = 1 hour, ml/g- hour, that in

this case QL,Z,S.O2 = A, T —time of contact of ore, rock
and wood with atmospheric oxygen, hour, a — coeffi-
cient, characterized intensity of slowdown of oxygen
absorption rate of air by time.

The coefficients A and a for various types of ores
are determined by processing the results of experi-
ments using the least squares method (with a correla-
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Qthr 0.2, ml/g
2,0
1,5
1/.. 5
0,5
T, hour
0 50 100 150 200 250 300 350

Fig. 2. Dependence of the total amount of oxygen absorbed by
sulfide ores on time: 1 — massive pyrrotite ore of the Katsdag de-
posit; 2 — strip-coloured pyrite ore of the Filizchay deposit; 3 —
vein-impregnated ore of the Katsdag deposit; 4 — massive gale-
na-sphalerite-pyrite ore of the Katekh deposit

tion coefficient of 0.78-0.92 A=0.0029-0.0185 ml/g
hour, a = 0.7-0.9, depending on the type of ore). In
most cases, the values of the coefficient characteriz-
ing the intensity of the slowdown of oxygen absorp-
tion over time at the same temperature differ slightly.

During the oxidation of freshly fragmented ore,
the initial absorption of oxygen proceeds rapidly (Fig.
2, Table 2), in this case an oxide layer is formed, which
prevents further oxidation. Further, the process slows
down, representing not a monotonically decreasing,
but a pulsating function in time, which is explained
by a change in the distribution of electrochemical po-

Umglg*h
395 10¢

314 10*
237 10|

158 10° [}

70 10* ‘* ,

=i

300

150

O 1 — Ore of the Katsdag deposit
e 2 — Ore of the Filizchay deposit
x 3 — Ore of the Katekh deposit

Fig. 3. Dependence of the rate constant of de-oxygenation by sul-
fide ores based on time

tentials and the concentration of hydrogen ions (pH)
on the ore surface.

Studies carried out over several years have shown
that the oxygen absorption rate by sulphide ores is
long-live and slowly fading, but unceasing in nature
(Fig. 3, Table 2). Slowdown of the oxygen absorp-
tion rate not occur along a monotonically decreasing
curve, but along a sinusoidal one, which is explained
by the periodic destruction of a part of the oxidized
layer. As studies have shown that the period between
the destruction of the oxidized layer depends on the
type of ore.

Table 2. Change of the oxygen absorption rate by sulphide ores depending on the time of contact with air

Oxygen absorption rate constant for the period from the beginning of the exper-
Ore tvpes iment, ml/g hour
yp 0-24 | 50-250 | 50-500 |50-1000 |50-2000 | 50-5000 | 50-10000 | 50-15000
hour hour hour hour hour hour hour hour
Massive galena-sphalerite-pyrite ore | 0.0210 | 0.0088 | 0.0065 | 0.0057 | 0.0040 | 0.0030 | 0.0021 | 0.0013
Banded pyrite —polymetallic ore | 0.0292 | 0.0156 | 0.0124 | 0.0093 | 0.0083 | 0.0100 | 0.0054 | 0.0043
Massive pyrrhotite ore 0.0393 | 0.0224 | 0.0295 | 0.0229 | 0.0065 | 0.0140 | 0.0067 | 0.0032

Since the slowdown in oxygen absorption is
caused by the growth of a layer of oxidation products
on the surface of the grains, it should be expected that
this layer can be dissolved with sulphuric acid and

the oxygen absorption rate will increase. For this pur-
pose, an experiment was carried out with a sample of
sulphide ore and the following results were obtained
(Table 3).

Table 3. Effect of H,SO, on the oxygen absorption rate by sulphide or

. Ore
chg’r?setgnibéor&'/‘;”q;acte By ordinary | Humidified with dis- | Wetted with 10% solution | Wetted with 20% solu-
’ method tilled water of H,SO, tion of H,SO,
K, 0.0082 - 0.0757 0.1693
us 0.0059 - 0.0087 0.0376
i 0.0074 0.0117 0.1857 -
v 0.0046 0.0029 0.1160 -
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Thus, sulphuric acid accelerated the oxygen ab-
sorption process. However, a similar experiment with
samples of Dehtar pyrite showed opposite results.
Based on this, the authors of this work (Veselovsky
et al., 1974) decided that the sulphuric acid formed
during pyrite should participate in slowing down the
absorption of oxygen, which, in our opinion, is erro-
neous.

There is an influence of the value of the free re-
acting surface of the ore on the oxidation process. It
has a great interest. Studies carried out with samples
of ores of various sizes showed that at the begin-
ning the rate of oxygen absorption for fine fractions
is greater than for coarse fractions. However, for fine
fractions, it decreases faster with time and after ap-
proximately 700 hours from the start of the experi-
ment, the curves of the oxygen absorption rate along
time intersect for different fractions, after which the
fine ore fraction becomes less active than the coarse
one (Fig. 3).

It follows from this that more smaller fractions —
0.25+ 0.0 mm, — 0.5 + 0.25 mm are deactivated faster
than coarse ones. This allows us to make a very im-
portant conclusion that coarse fractions are the most
dangerous for spontaneous combustion than the dust.

Fig. 3. Dependence of the rate constant of de-oxygenation by ores
of various fractions based on time

It should be noted that the ignition temperature,
besides to the nature of the oxidizing substance, de-
pends on the heating conditions. Therefore, different
methods of its determination give different results.
The ignition temperature depends primarily on the
rate of oxidation and the dissipation of the heat gen-
erated during the oxidation of the ore. However, these
rates are so difficult to reproduce that the results ob-
tained even by the same method, but on different in-
struments, are difficult to compare with each other.
For different methods, at best, the same patterns are
obtained for a series of samples.
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We tried to classify sulphide ores according to the
degree of their tendency to spontaneous combustion
according to the rate of their heating. However, no
positive results were obtained. Since spontaneous
combustion is a complex physical and chemical pro-
cess, a reliable classification of industrial types of
ores according to their tendency to spontaneous com-
bustion can be obtained only by the totality of the
main indicators that determine the low-temperature
oxidation of sulphide ores.

Methods of artificial oxidation at elevated tem-
peratures, which make it possible to determine the
relative increased temperature of sulphide ores and
minerals, are used by many researchers. The ignition
temperature is proposed by a number of authors as the
basis for the classification of sulphide ores according
to the power of tendency to spontaneous combustion.
However, our studies show that the ignition tempera-
ture of sulphide ores of sulphide-polymetallic depos-
its in Azerbaijan is almost independent of the miner-
alogical composition of sulphide ores and fluctuates
in a very narrow (390 — 400°C) range. This does not
make it possible to use the ignition temperature as
a criterion for determining the tendency of sulphide
ores of sulphide-polymetallic deposits of Azerbaijan
to spontaneous combustion. Therefore, it is impossi-
ble to judge the tendency of sulphide ore to sponta-
neous combustion from the ignition temperature only.

If for the ores of the Ural copper-sulphide depos-
its the main criteria for the tendency to spontaneous
combustion are the ignition temperature of ores and
the oxidation rate according to the release of sulphur
dioxide, which, according to Ural Research and De-
sign Institute of Copper Industry, is confirmed with
sufficient reliability by the actual fire hazard of these
deposits, then to assess the spontaneous combustion
of the ores of the studied deposits that differ from the
Ural copper sulphide deposits in their structure and
material composition, these criteria were not typical
(Ismayilov, 1975; Manakov et al., 1964; Valiev et
al., 2008). It turned out that despite the difference
in mineralogical and chemical composition, textur-
al and structural features and chemical activity, all
types of sulphide ores of the studied deposits ignite
at almost the same temperature (390 — 400°C). For
example, the massive pyrrhotite ore of the Katsdag
deposit, which has a chemical activity at 25°C Us =
12.5 ml/m?h, ignites at a temperature of 390°C, and
the stockwork- stringer ore of the Katekh deposit,
having an order of magnitude lower activity Us =
1.2 ml/m?h , ignites at a temperature of 395°C. This
circumstance did not allow using the ignition tem-
perature to classify sulphide ores from Azerbaijan
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deposits according to the power of their tendency to
spontaneous combustion.

At the same time, at low temperatures (up to
100°C), all types of sulphide ores of the studied de-
posits have different chemical activity. Therefore, we
proposed to classify sulphide ores of sulphide-poly-
metallic deposits according to the power of tendency
to spontaneous combustion according to low-tem-
perature oxidation, since it is this that forms the basis
of the spontaneous combustion process. Since sponta-
neous combustion is a complex physical and chemi-
cal process, a reliable classification of industrial types
of ores according to their tendency to spontaneous
combustion can be obtained only by the totality of the
main indicators that determine the low-temperature
oxidation of sulphide ores.

A detailed classification of ore reserves according
to the power of their fire hazard allows a scientifically
sound approach to planning the sequence of their de-
velopment and to the design of mines (Rylnikova and
Mitishova, 2019; Rylnikova, et al., 2020). Of great
importance is the identification within the deposits of
areas and ore deposits that are not dangerous for spon-
taneous combustion.

Conclusions

1. The carried out studies on oxidative activity
have shown that sulphide ores of sulphide-polymetal-
lic deposits of Azerbaijan are characterized by high
oxidative activity. The most active in relation to at-
mospheric oxygen are the ores of the Katsdag deposit
(U=0.072-0.0159 ml/g-h), the least active ores of the
Katekh deposit (U=0.0041-0.0102 ml/g-h ), ores of
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