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SPECIFIC CONSUMPTION FOR MOISTENING OF BLASTED SULFIDE ORE PILES 

PRONE TO SPONTANEOUS COMBUSTION 
 

Abstract.  At mining of minerals by an open-cut method with the use of highly 

productive mining equipment the contamination of the environment by dust emitted during 

various mining works takes place. Especially, at excavation of rock mass without application of 

means of dust suppression, the most intensive dust emission is observed. The main way to reduce 

dust emission is to wet the rock mass. However, the fight against dust is complicated during the 

development of sulfide ores prone to spontaneous combustion. The matter is that water may 

intensify the process of oxidation and self-heating of sulfide ores in the pile. In this connection in 

such conditions the traditional method of hydro-dusting cannot be used as it takes place in open 

pits, mined out in normal mining and geological conditions. Therefore, when developing sulfide 

ores prone to spontaneous combustion, for dampening it is recommended to use solutions having 

along with the effectiveness of dedusting and antioxidant properties, i.e. complex action. 

The expression for determining the specific flow rate of fluid (q), necessary to reduce 

dustiness to MPC is proposed. The equation for determining the moisture content of the rock 

mass at a depth corresponding to a certain point in time is proposed. The solution of this 

equation has allowed to receive the formula, allowing at known values of parameters of height of 

humidified heap H, m; maximum humidity of ore ,%; natural humidity  %; volume weight 

ɣ, kg/m3 , characterized by relative constancy for the specific conditions of the pit, to determine 

approximately the specific consumption of the solution for its penetration to the center of self-

ignition, depending on the change in the depth of the center. 

For practical use the highest calculated value of the specific flow rate of the solution, 

providing the reduction of air dustiness to MPC and the penetration of the solution to the center 

of self–heating, is taken. 

 

Keywords. Maximum allowable concentration of dusty air (MPC), self-ignition of 

sulfide ores, oxygen sorption rate constant, simulation of air hydro-dusting process, Stokes and 

Froude criterion, complex action solutions, specific consumption of complex action solution. 

 

Introduction.  

In conditions of open-cast mining, the most intense dust emission occurs during 

excavation of the rock mass. A widespread method of controlling dust in this process is spraying 

the blasted heap with water or aqueous solutions of various chemicals. However, in the 

conditions of development of sulfide ores, prone to spontaneous ignition, this method cannot be 

used as it takes place in open pits, developed in normal mining and geological conditions. It is 

connected with the fact that water can intensify the process of oxidation of sulfide ores. In this 

regard, in the absence of means of dedusting, air dust concentration is usually several times 

higher than the maximum permissible concentration (MPC). 
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Intensification of the oxidation process leads to spontaneous combustion of ore with the 

release of sulfur dioxide gas into the atmosphere of the pit with all the negative consequences 

arising from this phenomenon: pollution of the environment, poisoning of people, forced 

downtime, loss of useful components and deterioration of ore processing indicators. 

Improvement of atmospheric conditions at mining sulfide ores prone to spontaneous 

combustion can be achieved by reducing the dustiness of the air at the expense of finding and 

application of solutions of complex action, providing, along with effective dedusting, reduction 

of intensity of oxidation of ores in a blasted pile. 

 

Materials and methods. 

Determination of the effect of different solutions on the chemical activity of ores prone to 

spontaneous combustion. 

Theoretically, spontaneous combustion is determined by three physical factors: the 

chemical activity of the oxidizing materials, the influx of air to them, and an increase in the 

temperature in the accumulation due to the accumulation of heat generated by oxidation [1]. A 

complete assessment of the self-ignition process would be to establish the quantitative values of 

all three physical quantities. However, this is not possible in most cases. Therefore, to assess the 

spontaneous combustion process, it is necessary to quantify at least one of these quantities. As 

noted above, hydration of sulfide ores affects their chemical activity, which mainly determines 

the temperature regime of the blasted pile. The refore when choosing in the laboratory setting 

solutions of complex action, i.e. solutions, having both antioxidant and dedusting action, the 

criteria for evaluation of their antioxidant property is the indicator of chemical activity of 

dampened ore. As dedusting liquid it is necessary to test solutions that could penetrate not only 

into large but also, in the first place, into small pores of dusty ore fines, moisten this ore mass 

and not activate the oxidation process. 

It is known, that the closer are the conditions, under which testing is carried out, to those 

under which spontaneous combustion occurs in natural conditions, the more precisely the chosen 

method will characterize propensity to spontaneous combustion. In our opinion, these 

requirements are satisfied by the method in which the rate of oxygen absorption from the air is 

determined at low temperatures [1]. The essence of the method consists in the following: the 

tested material is placed in a vessel; it is hermetically closed and after the established time the 

loss of oxygen is determined and the rate of oxygen absorption is calculated. The oxygen uptake 

rate depends on the oxygen concentration, which does not remain constant over time. The kinetic 

constant of the sorption rate serves as an indicator of the chemical activity.  

In the following the methodology of research on determining the effect of complex action 

solutions on the oxidation process of ores prone to spontaneous combustion is proposed. To 

determine the rate of oxygen sorption, a device consisting of a sorption vessel, a Seger pipette, a 

three-liter tank and a vacuum pump is used (Figure 1). The sorption vessel is made of glass with 

a thickness of 3 mm and has a volume of about 700 ml. The vessel has two lapped taps: the upper 

one, which is a glass stopper with a tube soldered into it, and the lower one, a vacuum, three-

way. 

A methodology for conducting research on the selection of solutions with antioxidant 

properties is proposed. To determine the oxygen sorption rate, an installation consisting of a 

sorption vessel, a Seger pipette, a three-liter tank and a vacuum pump is used. In order to 

calculate the value of the kinetic constant of the oxygen sorption rate     

( ) on the basis of the obtained experimental data the formula for determination of the 

kinetic rate constant of oxygen sorption is proposed. 

To determine the constant for large lumps, the values of  and  obtained on the basis 

of experimental data and  for small fractions of ore are used. 

   – oxygen sorption rate kinetic constant, m3/(kg*s);  
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   – "oxygen reduction factor". 

Values  and  are the main parameters of antioxidant action of solutions. To calculate 

them a system of normal Gauss equations, which is reduced to a transcendental equation with 

respect to , the solution of which allows you to calculate the values of   and . 

By comparing the obtained data, it is possible to draw conclusions about the degree of 

antioxidant action of the studied solutions. The most effective of them in the future will be 

investigated for choosing the complex action solution for moistening the exploded ore heap, 

prone to spontaneous combustion, in order to reduce air dustiness. 

Described how the study of the process of dedusting air with complex action solutions. 

The conditions for modeling the process of air dedusting in laboratory conditions, which should 

be observed when assembling the experimental setup are given. 

 

Results. 

Oxygen sorption creates a vacuum in the vessel, which increases the requirements for 

tightness. Therefore, both valves must be well lubricated with "vacuum grease" and tested for 

leaks. The volume of the vessel, including the volume of the tubes soldered into the plugs, is 

determined by filling it with water and then lowering it into a measuring cylinder. The volume of 

air in the vessel is determined as the difference between the volume of the vessel and the volume 

of ore, glass sticks and the volume of water remaining in the sample after moistening, which 

corresponds to the humidity at a given time of the experiment. 

The volume of ore suspension is determined taking into account its volume weight. 

 

 
 – ore weight, kg;  

 – volume weight, kg/ m3. 

A Seger pipette is used for sampling air from the sorption vessel. It is made of glass with 

thickness of 2–3 mm, volume 200–250 mm. 

 

 
1 - upper crane; 2 - sorption vessel; 3 - lower crane; 4 - Seger pipette; 5 - water vessel; 

Figure 1 - Instrument for determination of oxygen sorption rate. 
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The research is performed as follows. In the laboratory ore is crushed to a fraction, which 

is a significant part of the blasted heap. To establish the size of the fraction determined particle 

size distribution of the blasted ore pile in full-scale conditions by the method with sieve 

separation into fractions [2]. In the ore pile is observed percentage of the necessary fractions, 

corresponding to the full-scale conditions. The bottom of a vessel is covered with the gauze, 

preventing removal of small particles of ore during draining of liquid. Then glass sticks in 

weight of 150-200 grams are laid down, separating a wet gauze from a sample of ore, which is 

processed by the studied solution. The moisture content of the sample is determined by weight 

method. Constancy of the necessary temperature is provided with the help of dry-air electric 

thermostat. After a certain time samples of air are taken from the sorption vessels into a Seger 

pipette and analyzed with a gas analyzer and the loss of oxygen is determined.  

The kinetic rate constant of oxygen sorption is calculated by the formula 

 

 
 

where :  – volume of air in the vessel,ml;  – weight of ore,g;  – time from the 

beginning of sorption to sampling of air from the vessel;  – barometric  pressure at the 

beginning of sorption, mm.hg; 23.8 – elasticity of water vapor at T = 25 oC, mm.hg;  

 – oxygen concentration in the sample of sampled air,fractions of one;  

 – initial concentration of oxygen in the air, fractions of one.   

The obtained data of the analysis allow determining the indices of chemical activity of 

ore suspensions moistened by the studied solutions and water. 

The smaller is the value of this indicator for the sample of ore, the greater is the 

antioxidant property of the solution used for dampening.      The values of the rate constant of 

oxygen sorption calculated by this formula refer to the average time between the beginning of 

sorption and the moment of sampling. 

The average value of the rate constant for adsorption of oxygen in a blasted rock pile 

( ) is the sum of rate constants of adsorption for all fractions in the pile, i.e. 

 
 

where  - content of the i-th fraction interval, fractions of one;  - rate constant of 

oxygen adsorption by fractions with radius , ;  - number of fractions. 

Values of rate constants of oxygen sorption by small pieces of ore, determined 

experimentally, will be used in determining the constants of large pieces of ore.  

To determine the constant for large lumps, the values of  and , obtained from 

experimental data and  for small fractions of ore.  - oxygen sorption rate kinetic 

constant, ;  - "oxygen reduction factor". 

      The values of   and  are the main parameters of antioxidant action of solutions. 

 

    

 
Here  is the rate constant of oxygen sorption in the kinetic region at oxygen 

concentration , m3/(kg*s); 

 – volume weight of the sorbent, kg/m3 ; 
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– coefficient of porosity of the sorbent, fractions of one;     

 – oxygen diffusion coefficient, m2 /s. 

To calculate    and , a system of Gauss normal equations is composed, which is 

reduced to one transcendental equation with respect to  

 

 
 

The solution of this equation by the proportional parts method makes it possible to 

calculate the values of   and . 

By comparing the obtained data, we can draw conclusions about the degree of antioxidant 

action of the studied solutions. The most effective of them will be further investigated to select a 

complex action solution for moistening the blasted ore heap, prone to spontaneous combustion, 

in order to reduce air dustiness. 

Study of effectiveness of dedusting action of selected solutions on antioxidant properties. 

Taking into account, that air dustiness during excavator works in production conditions is 

influenced by a number of factors (natural humidity of ore, temperature and air humidity, etc.) 

and a large amount of measurements connected with it, it is recommended to conduct the 

experiments on defining the effectiveness of dedusting action of the chosen solution as a 

complex action, at different specific capacities, in laboratory conditions at the laboratory setting, 

specially designed for this purpose. In this case the main point is to observe the condition of 

simulation of the process of hydro – dusting of air during excavation of ores. The obtained 

results will be further tested in the conditions of the open pit. 

To simulate the process of hydraulic dedusting of air during excavation works in 

laboratory conditions, it is necessary that all parameters (linear dimensions l, time t, velocities , 

flow rates g, etc.), characterizing the movement of the fluid flow in one medium, can be obtained 

by simply multiplying the corresponding parameters of another flow by scaling multipliers , 

, , etc. 

Based on the theory of dimensionality (dimension /g/=m/sec2), a necessary condition of 

similarity of filtration flows is the following relation 

 

 
 

by multiplying the left and the right parts of this relation by we can obtain 

 
 

or 

 
 

then for real and model 
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where       

 
Thus, for gravitational similarity it is necessary that the dimensionless Froude number 

V2/(gl) for nature and model be the same. 

Since , the required velocity of the fluid in the model is 

 

  

 

i.e. with changing linear dimensions of the model, it is necessary to change a certain 

number of times the velocity of flows.  

For modeling it is necessary to observe the following conditions: similarity of turbulent 

air flows, similarity of motion of solid dust particles in relation to air flows, similarity of motion 

and impact of bulk material against the obstacle [3]. 

Movement of air stream and solid particles suspended in it is described by system of 

differential equations [4]. 

 
 

 

 
where  

 – is the characteristic linear dimension; 

 – coefficient of kinematic viscosity of air; 

Vo, V - velocity of the medium and the particle; 

 - coefficient of viscosity of the medium. 

The ratio of Stokes and Froude criteria gives a new velocity criterion [5]. 

 

 
where  

 – is the ratio of particle velocity to flow velocity; 

 – settling velocity of particles in calm air. 

This criterion characterizes the particle trajectory in the dust stream, and the input 

velocity V is determined by the stream velocity profile. In order to maintain the similarity of the 

particle trajectory (at  = const), it is necessary that velocity distribution in both flows should be 

the same. It should be noted that when simulating turbulent flows, the latter in straight pipes in 

the initial section of a few meters long stabilize, taking a certain structure, regardless of what 

was the distribution of velocities and the degree of turbulence in the beginning. This presence of 

a stabilizing section eliminates the creation of a cross – sectional velocity distribution similar to 

that in nature in the model, as it is established by itself. Since the viscous drag in turbulent flow 

with increasing velocity becomes very small compared to the inertial one, the air motion 
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becomes approximately self-similar, so the simulation of such flows requires only compliance 

with geometric similarity with respect to the roughness of the walls [6]. 

Figure 2 shows the laboratory installation, which is used to conduct research to determine 

the dedusting effect of solutions, selected by antioxidant indicators. Installation represents a 

pipeline of square cross-section with area of 0.16 m2 and length of 12 m, in which the air flow is 

created by a fan. Ore is placed in a cone –shaped  hopper and wetted from the top with the 

studied solution at different specific rates. For uniform wetting of ore a special cell with holes is 

used. Treated ore is poured through the holes in the upper part of the pipeline into the receiving 

hopper located in the lower part by a rock feeder. The dust particles emitted during ore 

crumbling are picked up by the air flow and rush to the place of air sampling. The samples are 

taken at the filters AFA-VP-10, through the allongs by the air intake tubes having inner diameter 

0.1 m. By weighing the filters with settled dust particles at highly sensitive scales the dedusting 

effect of each of the studied solutions can be defined. In addition, if necessary, using a 

microscope it is possible to determine the dispersion composition of dust settled on the filter. 

The distance between the tubes is chosen on the basis of dust sampling, characterizing the 

dustiness over the entire cross section of the model. The flow rate of air passing through the 

filters is determined with the help of a rheometer. For additional alignment of the air flow in the 

model there are straightening lattices. The air flow speed is regulated by a sliding gate and 

measured with the help of anemometers in the control points. The constancy of dust 

concentration in the air entering the model is provided by a cassette filter from synthetic fabric 

FPP-15 with area of 15 m2, installed at the pipeline inlet. 

 
1 - air duct. 2 - rock feeder. 3 - filter. 4,5 - straightening lattices. 6 - receiving hopper. 7 - 

allons. 8 - rheometers. 9 - vacuum cleaner. 10 - collector. 11 - gate valve. 12,13 - control points. 

14 - fan. 

Figure 2 - Schematic diagram of the experimental setup. (specify figure number) 

  

 

On the level of initial dustiness of the air has a great influence air flow rate in the 

pipeline.Therefore, the choice of air velocity mode in the model is made taking into account the 

dustiness occurring in production conditions. 

Experiments have shown that with increasing air velocity of 0.5 m /s and more dustiness 

increases, and its intense growth begins at speeds greater than 1.0 –1.2 m /s (Figure 3). 
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Figure 3 - Variation of air dustiness depending on air flow rate 

     

       It is known that change of air dustiness at excavator works depending on liquid 

consumption for moistening of rock mass piles has exponential character. Results of experiments 

on laboratory model at air flow speeds equal to 1.0 m/s and 1.5 m/s tack also reflect exponential 

character of air dustiness change from water consumption (Figure 4) 

      It should be noted that at an air flow rate of more than 1.0 m/s, there is an increased 

dustiness, it contributes to clogging the filters with dust and distort the results of experiments. At 

less than 1 m/s deviation of experimental data is greater. Therefore, for this particular case is the 

best speed equal to 1 m/s, providing a small scatter of experimental data. 

 
1 - at air flow rate of 1.5 m/s; 2 - 1.0 m/s; 3 - 0.5 m/s. 

Figure 4 - Variation of air dust content depending on water flow rate 

 

Then it is necessary to determine the specific flow rate of solutions, selected 

experimentally on the installation as the most effective on dedusting action. Specific solution 

flow rate, necessary to reduce dustiness to the maximum allowable concentration (MAC) and the 

specific flow rate, providing wetting of the blasted ore heap to the center of self– heating are 

determined. 
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Determination of the specific flow rate of the solution having high flame retardant and 

dedusting properties selected as the most suitable solution of complex action. 

The essence of the method of dedusting the air at excavating the ores prone to 

spontaneous combustion consists in moistening the blasted heap with the complex action 

solution at such a specific rate which provides both the increase of the humidity to a certain 

value at which the air dustiness decreases to the maximum allowable concentration (MAC), and 

solution penetration to the seat of spontaneous combustion.  

Dependence, describing the pattern of change in air dustiness directly from the flow rate 

of fluid for moistening the rock mass is as follows [7,8]: 

 

    

 

where   and и  is dustiness of air at excavation of rock mass before and after 

moistening, mg/m3; 

     here α is the coefficient of proportionality, which takes into account the 

change in air dustiness with the change in rock mass humidity; 

q - specific fluid flow rate, to reduce air dustiness up to MPC, /  gm.;                                                                                

) – volumetric weight of rocks kg/,  ;             

       Efficiency of hydro-dusting at excavation of rock mass is determined by the formula  

 

 
 

Combined solution of expressions (9) and (10) gives formula for defining dedusting 

efficiency vs. fluid flow rate 

 

  

 

Specific fluid flow rate, required to reduce air dustiness to MPC, is determined from the 

expression obtained after logarithm zing equation (9) [9]. 

 

   

 

From equation (12) it is seen that to reduce air dustiness to MPC (  = MPC), the 

necessary specific fluid consumption depends on the level of air dustiness without the use of 

dedusting means and the value of the coefficient 𝜆, which mainly depends on the uniformity of 

wetting of the rock mass. Therefore, before unloading, the ore sample is pre-mixed in order to 

evenly distribute moisture. 

Along with the determination of the specific flow rate of the liquid, to reduce the 

dustiness of the air to MPC, in the application of solutions of complex action it is also necessary 

to determine their specific flow rate for wetting the blasted ore heap to the center of self-heating. 

In production conditions the degree of wettability depends, along with other factors, on 

the filtration properties of the moistened rock mass and on the physical properties of the 

solutions used. Filtration properties of the rock mass are characterized by its ability to pass liquid 

through itself. According to the character of fluid movement in any porous medium, we 

distinguish the process of absorption (infiltration) and the process of filtration. The laws of 

filtration are widely enough studied. In contrast to filtration, the patterns of fluid movement at 

infiltration have a very complex nature. This is due to the presence of a large number of factors 

determining the patterns of absorption, the main of which is the heterogeneity of the 
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granulometric composition of the moistened medium. Taking into account the fact that small 

fractions prevail in the blasted ore pile, then to establish the pattern of infiltration we can use 

equations of N.N. Verigin, describing the process of soaking at irrigation of porous medium 

(sand, small pebbles, etc.) This equation was solved at appropriate boundary conditions [10,11]. 

 

;                  

                             
Where 

;   ;   ; 

 
φ – gravitational moisture content, %;  – natural moisture content, %; 

 –maximum moisture capacity or suspended moisture content, %; 

m - soil porosity, %; v - absorption rate of the wetting front, m/s; 

k - filtration coefficient, m/s; 

 – averaged gradient of capillary vacuum in the rock mass; 

t – time, s; 

y – ordinate; 

n – exponent of degree equal to 3 4. 

 

In general, equations (13) have no solution. However, it follows from the analysis of 

dimensions that some group of partial solutions must be a function of dimensionless parameter 

. Accordingly, if we assume that some partial solution is linear with respect to the 

function .             

Introducing the assumed solution into (13), we can obtain 

 

 
 

 and  – integration constants are from the boundary conditions. 

For the process of infiltration of solutions of wetting agents in piles of blasted ore, the 

following boundary conditions are determined: 

– on the surface of the blasted pile (fixed boundary of the solution motion area)  

 

 
 

 – moistening intensity, m/s; 

t – characteristic wetting time, s; 

 – time constan t of wetted intensity decay; 

  – function describing process of rock mass dump watering from surface. 

– at the wetting boundary (the moving boundary of the motion area). 
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where 

 d=0,01γ (ϕm- ϕe) – is the specific flow rate of the mortar going into the cohesive state, 

 g.m; 

h – depth of wetted area, m. 

Taking y=0 in equation (14), moisture content on dumping surface ϕ = ϕв  and 

introducing ϕв = ϕ (o, t)  from (15), we obtain 

 

 
 

From equation (17) it follows that at constant intensity of moistening, the moisture 

content of rock mass on the surface of the pile remains constant. 

Using equations (16), (14) and (17) after appropriate mathematical transformations we 

get the formula for definition of moisture content of rock mass at time t at depth h 

 

 
 

Analysis of equation (18) shows that at  the second term in the first part 

of this equation tends to zero. At the same time the increase in depth of wetted zone will 

continue until the value of free (gravitational) moisture is reduced to zero. Then, if , we 

have 

 
 

as 

 
  

then  

 
 

or    

 

 
 

or taking into account, that 

 
we can obtain 
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where  

q – is the specific flow rate of the solution, ; 

H – height of dampened ore pile, m;                                            

 – natural humidity of the rock mass, % 

 - maximum moisture capacity of the ore, % 

The formula (20) allows, in case of known values of and H, which are 

characterized by relative constancy for specific conditions of the pit, to roughly determine 

specific solution flow rate for its penetration to the center of self-ignition, depending on the 

change in the center depth.  

 

Discussion.   

For practical application the highest calculated value of the specific consumption of the 

complex action solution, received by the formulas 12 and 20, is taken. However, the value of the 

specific consumption, necessary to reduce the dustiness up to MPC in the production conditions 

can be different from the calculated one. Therefore, the calculated specific flow rate needs to be 

specified in field conditions. The meaning of specification is to establish the proportionality 

factor λ, depending on the degree of uniformity of moistening λ, with the help of which we can 

determine the specific flow rate of the solution necessary to reduce air dustiness up to MPC by 

equation 12. Since the value of the coefficient for specific production conditions is constant, then 

in the future only the initial air dust content is monitored. The value of λ is determined from 

equation 11 at known values of initial (Nн) and (Nk) air dustiness and dedusting efficiency (η) at a 

specific flow rate (q). 

 

Conclusion. 

In the conditions of mining sulfide ores prone to self-heating, intensification of the 

oxidation process can lead to spontaneous combustion with release of sulfur dioxide gas into the 

atmosphere of the pit with all the negative consequences arising from this phenomenon: 

poisoning of people, forced downtime, environmental pollution, loss of useful components of 

ore, deterioration of ore enrichment indicators. 

The improvement of atmospheric conditions at mining of sulfide ores, prone to 

spontaneous combustion, can be achieved by reducing the dustiness of the air at the expense of 

finding and using solutions of complex action, providing, along with effective dedusting, 

reducing the intensity of oxidation of ores in the blasted pile. 

Selection of the solution having the greatest antioxidant effect is carried out by 

experimental indicators of the chemical activity of ores moistened by the studied solutions. 

Study of effectiveness of dedusting action of the selected solutions on antioxidant 

properties is carried out on the experimental setup, simulating the process of hydro-dusting of air 

at excavation of the blasted heap of ore. 5. 

Along with determining the specific flow rate of the liquid to reduce the dustiness of the 

air to the MPC, in the application of solutions of complex action is also determined by their 

specific flow rate for wetting the blasted ore pile to the center of self-heating.  For practical 

application the highest estimated value of the specific flow rate of the solution is taken.  

However, the value of the specific flow rate, necessary to reduce the dustiness up to MPC 

in production conditions can differ from the calculated one. That is why the calculated specific 

flow rate needs to be specified in field conditions. The meaning of specification is to establish 

the coefficient of proportionality λ, depending on the degree of uniformity of moistening with 

the help of which, it is possible to determine the specific flow rate of the solution necessary to 
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reduce air dustiness to MPC. Since the coefficient value for the specific production conditions is 

constant, further on only the initial air dust content is monitored.  
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АВТОТАНДЫРУЫНА КҮДІКТІ ЖАРЫЛУ ҚАУІПТІ СУЛЬФИДТІ КЕН 

ҚАБЫҚТАРЫН ЫЛҒАЛДАНДЫРУҒА АРНАЛҒАН КЕШЕНДІ БЕЛСЕНДІ 

ЕРІТІМДІ ТАҢДАУ ЖӘНЕ ОНЫҢ НЕГІЗГІ ШЫҒЫНЫН НЕГІЗДЕУ 

 

Андатпа. Өнімділігі жоғары тау-кен жабдықтарын пайдалана отырып, ашық 

әдіспен өндіру кезінде қоршаған орта әртүрлі тау-кен жұмыстары кезінде бөлінетін 

шаңмен ластанады. Әсіресе шаңды басатын құралдарды қолданбай тау жыныстарын 

қазған кезде шаңның ең қарқынды бөлінуі байқалады. Шаңды шығаруды азайтудың 

негізгі жолы - тау жыныстарын ылғалдандыру. Алайда өздігінен жануға бейім сульфидті 
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кендерді өндіру кезінде шаңмен күресу қиындай түседі. Өйткені, су колонкадағы 

сульфидті кендердің тотығу және өздігінен қызу процесін күшейте алады. Осыған 

байланысты, мұндай жағдайларда гидрошаңдандырудың дәстүрлі әдісін қолдану мүмкін 

емес, өйткені ол қалыпты тау-кен-геологиялық жағдайларда өндірілетін карьерлерде 

жүргізіледі. Сондықтан өздігінен жануға бейім сульфидті кендерді игеру кезінде шаңды 

кетіру тиімділігімен бірге антиоксиданттық қасиеттерге ие, яғни ылғалдандыруға 

арналған ерітінділерді пайдалану ұсынылады. күрделі әрекет. 

Шаңның құрамын ШРК-ға дейін төмендету үшін қажетті сұйықтық ағынының 

нақты жылдамдығын (q) анықтау үшін өрнек ұсынылған. Белгілі бір уақыт кезеңіне сәйкес 

тереңдіктегі тау жыныстары массасының ылғалдылығын анықтау үшін теңдеу 

ұсынылады. Бұл теңдеудің шешімі суланған үйіндінің H, m биіктігінің параметрлерінің 

белгілі мәндері үшін мүмкіндік беретін формуланы алуға мүмкіндік берді; кеннің 

максималды ылғалдылығы φм, %; табиғи ылғалдылық φ_e %; шұңқырдың нақты 

жағдайлары үшін салыстырмалы тұрақтылықпен сипатталатын көлемдік масса, кг/м3, 

көздің тереңдігінің өзгеруіне байланысты оның өздігінен тұтану көзіне енуі үшін 

ерітіндінің үлестік шығынын шамамен анықтайды. 

Практикалық қолдану үшін ерітіндінің меншікті шығынының ең жоғары есептік 

мәні алынады, бұл ауаның шаңдылығын ШРК-ға және ерітіндінің өздігінен қыздыру 

көзіне енуін азайтады. 

 

Түйінді сөздер. Шаңды ауаның шекті рұқсат етілген концентрациясы (ШШ), 

сульфидті кендердің өздігінен жануы, оттегінің сорбция жылдамдығының константасы, 

ауаның гидротозаңдануын модельдеу, Стокс және Фруд критерийі, күрделі әсер ету 

ерітінділері, күрделі әсерлі ерітіндінің үлестік шығыны. 
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ВЫБОР КОМПЛЕКСНОГО ДЕЙСТВУЮЩЕГО РАСТВОРА И ОБОСНОВАНИЕ 

ЕГО УДЕЛЬНОГО РАСХОДА НА УВЛАЖНЕНИЕ ВЗРЫВНЫХ СУЛЬФИДНЫХ 

РУДНЫХ КОРПУСОВ, ПРЕДПОЛАГАЕМЫХ САМОВОЗГОРАНИЯ 

 

Аннотация. При добыче полезных ископаемых открытым способом с 

применением высокопроизводительного горного оборудования происходит загрязнение 

окружающей среды пылью, выделяемой при проведении различных горных работ. 

Особенно при выемке горных пород без применения средств пылеподавления 

наблюдается наиболее интенсивное пылевыделение. Основным способом снижения 

пылевыделения является увлажнение горной массы. Однако при разработке сульфидных 

руд, склонных к самовозгоранию, борьба с пылью осложняется. Дело в том, что вода 

может интенсифицировать процесс окисления и саморазогрева сульфидных руд в бурте. В 

связи с этим в таких условиях нельзя применять традиционный способ гидропыления, так 



ҚазККА Хабаршысы № 2 (125), 2023             ISSN 1609-1817 (Print)                          The Bulletin of KazATC 

Вестник КазАТК № 2 (125), 2023                     ISSN 2790-5802 (Online)           DOI 10.52167/1609-1817          

vestnik.alt.edu.kz 

 

491 

как он осуществляется в карьерах, отрабатываемых в обычных горно-геологических 

условиях. Поэтому при разработке сульфидных руд, склонных к самовозгоранию, для 

увлажнения рекомендуется использовать растворы, обладающие наряду с 

эффективностью обеспыливания и антиоксидантными свойствами, т.е. комплексного 

действия. 

Предложено выражение для определения удельного расхода жидкости (q), 

необходимого для снижения запыленности до ПДК. Предложено уравнение для 

определения влажности массива горных пород на глубине, соответствующей 

определенному моменту времени. Решение этого уравнения позволило получить формулу, 

допускающую при известных значениях параметров высоты увлажненного отвала H, м; 

максимальная влажность руды φm, %; естественная влажность φ_e %; объемная масса, 

кг/м3, характеризующаяся относительным постоянством для конкретных условий шурфа, 

ориентировочно определить удельный расход раствора на его проникновение к очагу 

самовоспламенения в зависимости от изменения глубины очага. 

Для практического использования принимается наибольшее расчетное значение 

удельного расхода раствора, обеспечивающее снижение запыленности воздуха до ПДК и 

проникновение раствора к очагу самонагрева. 

 

Ключевые слова. Предельно допустимая концентрация запыленного воздуха 

(ПДК), самовозгорание сульфидных руд, константа скорости сорбции кислорода, 

моделирование процесса гидропыления воздуха, критерий Стокса и Фруда, растворы 

комплексного действия, удельный расход раствора комплексного действия. 
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