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Introduction

The most dangerous accidents in blasting operations 
are unauthorized explosions of explosives and explosive 
materials. In underground mines, special dangers are 
brought by explosions of sulphide dust, mostly during 
blasting operations. Secondary explosion of sulphide dust 
amplifies harmful effects of the primary explosion, and 
increase, their action radius. 

Accidents connected with sulphide ore dust 
explosions are hazardous to life, and lead to damage 
of electric and mechanical equipment, and to great 
material losses [1, 2]. Aside from that, sulphide ore 
dust has harmful effect on health [3, 4]. Therefore, it is 
important to investigate characteristics of sulphide ore 
dust and undertake measures to suppress dust formation 
[5, 6] and, accordingly, to reduce risk connected with 
explosions of sulphide dust. 

Mining safety in face areas hazardous in terms of explosion of sulphide dust 
is ensured via implementation of special measures which are to be selected 
using a solid scientific approach on the basis of relevant research [7–9]. 

An effective method of sulphide dust explosion control during blasting 
is spraying and wetting of face surface with water before commencement 
of work. Also, before charging of boreholes, their open space is injected 
with air and water mixtures. In order to enhance efficiency of spraying, it 
is possible to use aqueous solutions of surface-active substances or other 
special chemical agents [10]. 

For many technological operations during mining, it is impossible to 
avoid dust formation. The risk and consequences of sulphide dust explosions 
necessitate development of purposeful preventive measures. To this effect, 
it is beneficial to involve the practical experience gained in abating coal 
dust explosions [11, 12]. For instance, coal dust suppression uses alkaline 
solutions for spraying. Effect of alkaline in this case is conditioned by the 
increase in coal wettability owing to the considerable increase in roughness 
and porosity of coal surface being in contact with alkaline solutions [13]. The 
wetting efficiency also depends on a coal rank. 

Spraying with alkaline solutions can be also aimed at reducing high 
concentrations of sulfur dioxide in mine air. Sulfur dioxide is extremely toxic 
and explosive. A great quantity of sulfur dioxide is generated in burning of 
sulphide dust. In this case, quick reduction of sulfur dioxide concentration is 
possible with spraying of mine air with alkaline solution [14]. 

An important area of dust suppression research is optimization of a dust 
wetter composition. Different surfactants, and their foaming and wetting 
properties were studied with a view to settling coal dust [15, 16]. The multi-
criterial analysis of scientific literature on water-based dust suppression 
solutions and their efficiency evaluation procedures at different-type dusting 
sources was performed [10]. However, the scientific literature lacks studies 
on influence exerted by alkaline medium on physical and chemical properties 
of sulphide dust at copper–pyrite deposits. In the meanwhile, such studies 
are necessary to assess efficiency of dust suppression in drilling and blasting 
by spraying of mine roadways with alkaline solution.  

The goal of this research is to analyze the influence of alkaline medium 
on physicochemical parameters of copper–pyrite ore dust (grain size 
composition, chemistry, phase composition) with a view to assessing 
potentiality of enhancement of dust suppression efficiency during blasting by 
means of spraying of mine roadways with alkaline solutions. 

Experimentation 

Aimed at efficiency enhancement in wet suppression of sulphide dust, 
the research was performed to assess applicability of alkaline solutions for 
spraying mine roadways during drilling and blasting. 

The test subjects were the explosive samples of dust from crushing 
units arranged at the depths of 1095 and 1230 m in an underground mine at 
the Gai copper–pyrite ore deposit (hereinafter, these are dusts D1 and D2, 
respectively). The choice of the test subjects was governed by the analysis 
of the statistics on sulphide dust explosions in pyrite mines, and by the 
determined increasing trend of sulfur content of ore with the growing depth 
of the ore occurrence [17, 18]. 

Alongside with the mentioned influence of the occurrence depth 
on the sulfur content of ore and, accordingly, on the explosion risk, it is 
required to take into account another fact of no less importance. As per 
the research [17], sulfur content is higher in fine fractions (–40, –71+40, 
–100+71 µm) formed during primary disintegration of ore under manmade 
impact applied to rock mass. Explosion of sulphide dust is participated by 
particles smaller than 0.3 mm, and the higher explosion risk is a feature of 
particles less than 0.1 mm in size [17]. 

Based on the aforesaid, the test dust samples were subjected to the grain 
size analysis. The grain size composition was determined using dry screening 
and sedimentation with torsion balance [19]. For the grain size analysis by 
screening, 100.00 g of a dry material was weighed. The test screens had the 
mesh sizes of 0.160, 0.100, 0.071 and 0.063 mm. After screening, material 
from each screen was collected and weighed accurate within ± 0.01 g. 

The chemical composition and distribution of elements were investigated 
using the X-ray spectroscopic analysis on a relevant supplement to Tescan 
Vega scanning electron microscope. 
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The phase composition of the dust samples was identified using Shimadzu 
XRD 7000 X-ray diffraction analyzer. Interpretation of X-ray patterns used 
the databases ICDD (International Centre for Diffraction Date 2012) and 
ASTM (American Society for Testing and Materials). The employed scientific 
equipment belongs to the Research Laboratory Center of the Ural State 
Mining University. 

Results and discussion 

The data of the grain size analysis (screening) of the test dusts from 
crushing units are given in Table 1.

Table 1. Grain size compositions of dusts D1 and D2 

Fraction, µm >160 160–100 100–71 71–63 < 63

Mass fraction, %* 6.08/9.78 0.24/0.37 0.54/0.30 0.31/0.21 92.83/89.34

*Numerator—value for D1, denominator—value for D2.

The fraction composition studies used additionally the grain size analysis 
in water medium with torsion balance. This method offers information on 
amount of fractions by weight for particles smaller than 100 µm. The 
resultant differential curves obtained for the amount of fractions by weight 
are presented in Fig. 1 and Fig. 2.
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Fig. 1. Differential distribution curve for amount by weight for fractions
 of dust D1 
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Fig. 2. Differential distribution curve for amount by weight for fractions of dust D2 

The differential distribution curve shows the change in the amount ∆Q 
of particles by weight when their radius ∆r changes. The area bounded by 
the differential curve and the abscissa axis gives the total amount by weight 
for particles of all sizes (100%), and the area bounded by two values of the 
radii rn and rm gives the percentage of particles in the range of the radii rп 
and rm in suspension. 

It follows from Figs. 1 and 2 that in dusts D1 and D2, the particles 
smaller than 0.1 mm in size are dominated by the particle size of 20–40 and 
7–40 µm, respectively. The areas bounded by the radii 20–40 µm in Fig. 1 
and by the radii 7–40 µm in Fig. 2 are very similar in value. This implies that 
dust D2 is finer (highly dispersive) and, consequently, more explosion risky. 

The influence of alkaline medium on grain size composition was studied 
using dust D2. An alkaline solution (рН = 9) was prepared by means of 

dissolving of sodium hydroxide at a concentrate adopted in coal dust 
suppression. The prepared solution was mixed with the test dust at a ratio of 
3:1. In 48 h after dust settling, the solution was elutriated, and the settlings 
were held at 40 оС until drying, with the subsequent sedimentation analysis 
using dry screening. The results are compiled in Table 2 together with the 
check test data (without alkaline pretreatment of dust). 

Table 2. Influence of alkaline medium on grain size composition of dust D2 

Fraction, µm >160 160–100 100–71 71–63 < 63

Mass fraction, %* 9.78/9.98 0.37/0.35 0.30/0.32 0.21/0.18 89.34/89.17
*Numerator — dust without pretreatment with alkaline solution;  
denominator — dust after pretreatment with alkaline solution. 

According to the grain size analysis of the test dust in Table 2, 
treatment with alkaline solution has no noticeable influence on the dust 
dispersion. It should be taken into account that the grain size analysis 
using dry screening involves intense shaking of screens. Such mechanical 
impact induces deaggregation of particles which aggregated via agglutination 
during alkaline treatment. For the detailed analysis of such situation, the 
dust samples treated only with water and only with alkaline solution were 
additionally examined using an electron microscope prior to screening. 

Figure 3 offers an electron image of dry dust D2 after alkaline 
treatment. The visible large aggregates of particles suggest their formation 
via coupling. 

A similar situation, without particle aggregates, takes place in case 
of dry dust wetted with water before drying. Nonetheless, wetting of ore 
dust particles in a liquid medium, and a certain aggregation of particles is 
observed at both рН = 7 (neutral medium) and рН = 9 (alkaline medium). 
By way of example, Fig. 4 shows an amplified image of dust particles in 
a drop of water, obtained from Altami digital optical microscope. It is seen 
that the particles are wetted well, and the smallest particles get aggregated 
with the large particles. 

The aggregates are weak and fail as liquid flow changes its direction. 
The chemical consolidation of the dust particles is absent irrespective of the 
value of the medium pH. 
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Fig. 3. Dust D2 pre-held in alkaline solution 
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Table 3. Mineral composition of dust D2 after pre-wetting in water and 
in alkaline solution 

Mineral composition, mass % Dust pre-wetted 
in water, %

Dust pre-wetted 
in alkaline solution, %

Quartz SiO2 12.0 10.6
Pyrite FeS2 67.2 72.5
Chalcopyrite CuFeS2 3.7 3.4
Muskovite K2(Al,Fe)(Si6,Al2,O20)(OH)4 3.3 3.2
Gypsum CaSO4 · 2 H2O 4.9 1.9
Clinochlore (Mg,Fe)6(Si,Al)4O10(OH)8 8.6 8.1
Sphalerite ZnS 0.3 0.3

It is important that in case of fat coal, poorly wettable with water, 
addition of alkali to water has an insignificant influence on dust suppression 
efficiency. In a general case, effect of alkali is conditioned by increased 
wettability of coal because of increased porosity and roughness of coal 
surface during its chemical interaction with alkaline solution [13]. In our 
study, the copper–pyrite ore dust gets wetted with water. On the other 
hand, the electron microscopic analysis shows that the dust particles are 
mostly smooth and have no roughness, both initially and after treatment 
with alkaline solution (see Fig. 3). The aforesaid means that dust suppression 
using alkaline solution has selective efficiency and in special cases. 

The present research included the study of the effect exerted by alkaline 
medium (рН = 9) on the chemical and phase compositions of dust. Washing 
of the test dust in water and in alkaline solution lased for 48 h, and further 
drying under a weak heat took 8 h. 

The implemented research proves that the alkaline effect on the dust 
chemistry is mainly the change of the amount of oxygen, iron and silicon. 
There is a little amount of these elements in dust, and contact with alkaline 
solution leads to a decrease in the content of silicon. 

Silicon occurs in dust mostly in the composition of quartz. Customary, 
quartz resists alkaline impact. Under ambient temperature, quartz gets 
dissolved very slowly in alkali. The rate of dissolving of silicon dioxide in alkaline 
medium can be increased by raising temperature and enlarging specific 
surface [20]. Specific surface of a dispersed substance grows as the size 
of particles decreases. On the other hand, the rate of the heterogeneous 
reaction is directly proportional to the area of the contact surface between 
reagents. For this reason, the most probable cause of decrease in silicon 
content of dust is high dispersion of quartz particles, which promotes its 
dissolving when in contact with alkali. 

The similar results, as in case of the chemical composition of dust, were 
also obtained in the study of alkaline influence on the phase composition 
(Table 3). 

After alkaline treatment, the amounts of minerals in the dust change 
(see Table 3). For instance, the mass fraction of quartz decreases, which 
may be connected with dissolving of fine and dispersed particles of the 
mineral in alkali. In addition, the content of gypsum drops by two and a half 
times, which agrees with the known data on solubility of this mineral [21]. 
The most probable cause of the gypsum presence in the copper–pyrite ore 
dust is the process losses of cement that contains gypsum. 

The decrease in the amounts of quartz and gypsum after treatment with 
alkaline solution influences the content of pyrite FeS2 as its mass fraction in 
ore dust grows by more than 7%. The increase in the content of the sulphide 
component increases explosibility of dust. 

Conclusions

The research findings are generalized below. 
Treatment of sulphide dust with alkaline solution has influence 

neither on grain size composition of the dust nor on wetting of fine and 
dispersed particles. Alkaline treatment of copper–pyrite ore dust decreases 
significantly quartz content of the dust and leads to the re-distribution of the 
mass fractions of the dust components. The content of the explosive pyrite 
fraction grows in this case. For this reason, spraying of mine roadways with 

alkaline solutions may lead to the increased concentration of pyrite in dust, 
which elevates the risk of dust explosion. So, alkaline solution is not a special 
preventive agent capable to enhance efficiency of sulphide dust suppression 
as compared with water spraying. Considering this fact, transition to 
spraying of copper–pyrite mine roadways with alkaline solutions has no 
evident benefits in terms of improvement of underground mining safety. 
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