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SELECTION OF COMPLEX ACTION SOLUTION AND JUSTIFICATION OF ITS
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
y, kg/m? | 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

(U,.) 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 U, and 8 obtained on the basis
of experimental data I/(R,)and R, for small fractions of ore are used.

U, — oxygen sorption rate kinetic constant, m*/(kg*s);
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£ —"oxygen reduction factor".

Values U, and 8 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 3, the solution of which allows you to calculate the values of U, 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.

V=—, mg, (1)

r
Y

P — ore weight, kg;

Y — volume weight, kg/ m®.

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.

‘s —= Tothe pump

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

_V(B-1238) (1—Co)Ca

[}
¥ Pt 760 Co (1—Ca)

,ml/(g.ch) (2)

where : ¥V — volume of air in the vessel,ml; P — weight of ore,g; t — time from the
beginning of sorption to sampling of air from the vessel, B — barometric pressure at the
beginning of sorption, mm.hg; 23.8 — elasticity of water vapor at T = 25 °C, mm.hg;

Ca — 0xygen concentration in the sample of sampled air,fractions of one;

Co — 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

(04) is the sum of rate constants of adsorption for all fractions in the pile, i.e.
J"ll-¢

_ IHE
0= Z nUR) oy 3)

where n; - content of the i-th fraction interval, fractions of one; U(R,) - rate constant of
oxygen adsorption by fractions with radius R, m? /(kg * s); Ny - 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 U, and f, obtained from
experimental data U(R;)and R, for small fractions of ore. U, - oxygen sorption rate kinetic
constant, m® / (kg = s); 8 - "oxygen reduction factor".

The values of U, and /8 are the main parameters of antioxidant action of solutions.

| Uy Ve 1
B=lTmo ™ - (4)
Here U, is the rate constant of oxygen sorption in the kinetic region at oxygen
concentration 5, , m/(kg*s);
Yc — volume weight of the sorbent, kg/m?® ;
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Ic — coefficient of porosity of the sorbent, fractions of one;

D — oxygen diffusion coefficient, m? /s.

To calculate U, and S, a system of Gauss normal equations is composed, which is
reduced to one transcendental equation with respect to 2

( N@g
BR;cthfR; —1 1|BR;cthfR; — 1|
e
3N 2 (5)
& R
Z [U(R sy BR.cthBR, — 1]] BRcthfR, +( sfﬁﬁi ) 2 .
LT Ry

The solution of this equation by the proportional parts method makes it possible to
calculate the values of U, and S.

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 I, time t, velocities 2,
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 M.,

Mg, M, etc.
Based on the theory of dimensionality (dimension /g/=m/sec?), a necessary condition of
similarity of filtration flows is the following relation

_ M
Mg_Mz

13

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

M_M, = M::
gt Mr:

or
M M, = Mj

then for real and model
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EHLH _ ﬁ

uly 04
where
By 95
Iy Guly
Thus, for gravitational similarity it is necessary that the dimensionless Froude number
V2/(gl) for nature and model be the same.
Since g,; = g,., the required velocity of the fluid in the model is

By = By |2 (6)
M H lEH.

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].

¥

R, = — = const,
v
1 v.d?

Stk = = const, (7)
f,l

w2

.= = = const )
gl

where
I —is the characteristic linear dimension;
v — coefficient of kinematic viscosity of air;
Vo, V - velocity of the medium and the particle;
i, - coefficient of viscosity of the medium.
The ratio of Stokes and Froude criteria gives a new velocity criterion [5].

stk v,
H = = ' (S:]
F. WV

”

where

W, — is the ratio of particle velocity to flow velocity;

V, — 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 V., = 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 m?, installed at the pipeline inlet.

=

12

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.
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?
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]:

N, =N+ e, (9)

where N, and u N, is dustiness of air at excavation of rock mass before and after
moistening, mg/m?;
A=-—2_ here a is the coefficient of proportionality, which takes into account the

oL Y
change in air dustiness with the change in rock mass humidity;
q - specific fluid flow rate, to reduce air dustiness up to MPC, m?*/ m?* gm.;
y = 0,01y (¢—¢_) — volumetric weight of rocks kg/,m? ;
Efficiency of hydro-dusting at excavation of rock mass is determined by the formula

n= % 100%. (10)

Combined solution of expressions (9) and (10) gives formula for defining dedusting
efficiency vs. fluid flow rate

n=100(1—e") (11)

Specific fluid flow rate, required to reduce air dustiness to MPC, is determined from the
expression obtained after logarithm zing equation (9) [9].

=1 M
q=- hiNH . (12)

From equation (12) it is seen that to reduce air dustiness to MPC (N, = 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 A, 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].

,_Egl?_ n. ?z—ld_@z_d@
v=—=9; lepc,:: o (13)

Where

R, = (14+4), op=g—¢p,; P=m—q,_;

@ — 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;

A= [Z—ﬂ av — 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
v/(R R, ). Accordingly, if we assume that some partial solution is linear with respect to the
function f(y / R R, ).

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

y L
- -1+ C,. 14
RR) e (14)

@ =Cy(

C, and C, — 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)

25

R
9= (0,6) =—2 "(0,¢) =

- - (15)
n EXp (—"-E ) +1
@, — moistening intensity, m/s;
t — characteristic wetting time, s;
£ — time constan t of wetted intensity decay;
{f@+°}+l — function describing process of rock mass dump watering from surface.
expl z 1
— at the wetting boundary (the moving boundary of the motion area).
Q RiE)
o= | ety + R -d, (16)
exXp (—"—E } +1 o
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where

d=0,01y (ém- ¢e) — is the specific flow rate of the mortar going into the cohesive state,
m? /m® g.m;

h — depth of wetted area, m.

Taking y=0 in equation (14), moisture content on dumping surface ¢ = s and
introducing @s- ¢ (0, t) from (15), we obtain

R

Qﬂ'é-*-n__ 1

kRo .exp{t;;ﬂj-l-l (17)

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

1
n n

n v Jo-1 Q,t, @ *n 1
LA [h(tj] ’ E o kRy ’ :
h(t) [exp (t — —E’:’-) + 1] exp (t - _:) T1
nEy n—1 n ¥ Jn-1
# (1 _—-'] — [_] - 13
[ (n—1)h(t) n— 1Llh(t) 9

Analysis of equation (18) shows that at (t—t,)/= > 1 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 ¢ = 0, we
have

n
n [ Vv ]ﬁ@‘ﬂtﬂ

—d=0,
n — 1Lh(t) h(t)
as
n [ ¥ :|;'sz. ~0
n — 1Lh(t) ’
then
t
Qﬂ (=] — ':I’
h(t)
or

_ Ll tt_t"':xs 19
TRy T e (19)

or taking into account, that
Q,t,=qHand d= 001y (@, — ®.)
we can obtain
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0,01 y(e,, —@.) *h

q = n . (20)

where

q - is the specific flow rate of the solution, m? /m?*;

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 y,¢,,@_ 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 4, depending on the degree of uniformity of moistening 4, 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 A is determined from
equation 11 at known values of initial (N,) and (N) air dustiness and dedusting efficiency (») 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 A, 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.

REFERENCES

[1] Veselovsky V.S., Vinogradova L.P., Orleanskaya G.L., Terpogosova E.A. Physical
bases of spontaneous combustion of coal and ores. Moscow, Nauka, 1972, 148 p.

[2] Baron L.l.Lumpiness and methods of its measurement. — M., Publishing house of AS
USSR,1960,124p.

[3] Samsonov V.T. Application of similarity theory to the study of weighing and dust
spreading processes. - In the book:Ventilation and condensation of air at printing enterprises.-
M.: Book,1972.p 48-64.

[4] Bukharov 1.1, Medvedev L.I. Criteria of similarity in modeling the dust flows. -
Izv.Vuzov. Gornyj Zhurnal,1966,'7,p.49-54.

[5] Fuchs N.A. Aerosol Mechanics. - M.: Publishing House of the USSR Academy of
Sciences, 1955.

[6] A.S. Burchakov, P.I. Mustel, K.Z. Ushakov Mine Aerogy, - Moscow, 1971,-372 p.

[7] Radchenko G.A., Nenashev N.V., Urazbayev S.S. and others. Aeration and dedusting
of quarries of Kazakhstan.-Alma-Ata: Nauka KazSSR,1975,-158p.

[8] Kochetov V.A. Methodical provisions on hydro-dusting in open pits. - Alma-Ata,
1975.-15 p.

[9] Nenashev N.V., Novomlintsev A.M., Bimagambetov M.A. Increasing the efficiency
of dedusting at excavation of rock mass in open pits. In the book. Ventilation and dedusting of
mines.IGD AN KazSSR.-Alma-Ata, 1978.

[10] Bimagambetov M.A., Lutsenko N.S., Toimukhambetova F.B., Kasymova R.M. To a
question of protection of atmospheric air from pollution. - Almaty: Azamattyk aviation
academyH jarshysy Ne 3, 2020.

[11] Verigin N.N. Moisture movement in the soil, Dokl.AS USSR, 1953, issue89 Ne2, p
229-233.

Kapabiram KananjibauHoBa, Maructp, A3aMaTTBIK aBUAIUs aKaJeMUSICHI, AJIMATHI,
Kazakcran, k.zhandildinova@agakaz.com

Aiinoc MoJigabekoB, X.F.K., KaybIMJIaCThIPbUIFaH TMpodeccop, A3aMaTTHIK aBHAIUS
akanemusicel, Anmatel, Kazakcran, a.moldabekov(@agakaz.com

Maxmenuss bumaraméeroB, T.F.K, KaybIMIAcCTBIpbUIFaH Tmpodeccop, A3amaTThIK
aBuanus akagemusicel, AnMatel, Kaszakcran, m.bimagambetov(@agakaz.kz

I'yizkan Ceiidyna, maructp, AsamaTThIK aBHalMs akaaeMuschl, Anmarel, Ka3akcran,
g.seifulla@agakaz.kz

Aiinapa PbicOexoBa, maructp, A3amMaTThIK aBHAIUs aKkaaeMusichl, AiMarsl, Ka3akcraH,
a.rysbhekova@agakaz.kz

ABTOTAHABIPYBIHA KYIIKTI 7KAPBLIIY KAYIITI CYJb®UATI KEH
KABBIKTAPBIH BIUVIFAJITAHABIPYT'A APHAJIFAH KEINEH/II BEJICEHI
EPITIMIAI TAHAAY KOHE OHBIH HEI'I3I'T LTI BIHBIH HET'T3JIEY

AHaaTna. OHIMAUII JKOFaphl Tay-KeH KaOObIKTapbIH MaialiaHa OTBIPHIN, AaIIbIK
oMiCTIIEH OHJIPY Ke3iHAE KOopIIaFaH opTa OpTYPJi Tay-KeH >KYMBICTapbl Ke3iHJe OesiHeTIH
[IAHMEH JIacTaHaJbl. Ocipece MaHAbl OacaThlH KypajaapAbl KoigaHOail Tay >KbIHBICTApbIH
Ka3raH Ke3[le IMaHHBIH €H KapKbIHAbl OemiHyl Oaikamanel. IllaHapl mbrFapyapl a3alTyablH
HETI3T1 JKOJIBI - Tay >KBIHBICTAPBIH BUIFANIIAHIBIPY. AJlaiiia e3/iriHeH xaHyra OeiiM cynbpuaTi
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KCHIEp/ll OHMIpy Ke3iHAe MMaHMEH Kypecy KUBIHIAh Tycell. OWTKeHi, Ccy KOJIOHKAaIaFbl
CynbPUATI KEHACP/IH TOTBIFY >KOHE O3JIMHEH KbI3y MpoleciH KymeiTe amaawl. OcbiFaH
OaliaHbICTBI, MYH/IAi XKaFrAaiaapAaa TUAPOIIAHIAHABIPYIBIH TOCTYPIl 9AICIH KOJaHy MYMKIH
eMec, OWTKEHI OJI KaJIbINThl Tay-KeH-TEOJOTHSUIBIK J>Karnaiiapia eHIIpUIETIH Kapbepiepne
xkypri3ineni. COHOBIKTaH ©3/IriHeH XaHyFa OeiliM Cyab(UATI KSHIEPlI Urepy Ke3iHJIe IIaHIIbI
KeTipy THIMAUIIrIMEH Oipre aHTHOKCHJIAHTTHIK KacHeTTepre He, SFHU bUIFaIaHIBIpYyFa
apHaJIFaH epiTiHAUIep Il NaijalaHy YChIHBUIAbI. KYPAEi SpEKeT.

[Hanupin Kypambia IIIPK-ra geilin ToOMEHAETY VIIIH KaXETTl CYMBIKTBIK aFbIHBIHBIH
HaKTHI )KbUIAM/IBIFBIH () aHBIKTAY YILIiH ©pHEK YChIHBUIFaH. benrini Oip yaksIT Ke3eHiHe coifkec
TEPEHIIKTET1 Tay JKbIHBICTAPbl MACCACBIHBIH BUIFAJABUIBIFBIH  aHBIKTAY YLIIH TEHAEY
yChIHBUTAABL. by TeHneyaiH memimi cynanfaH yiHiHaiHiH H, m OuikTiriHiH mapamerpiepiHin
Oenrii MoHZAEpl YIIIH MYMKIHAIK OepeTiH ¢opMmylaHbl adyFa MYMKIHIIK Oepli; KEeHHIH
MaKCUMaJJIbl BUTFAABUIBIFBI @M, %; TaOWFH BUFAIABUIBIK @ € %; IIYHKBIPJIBIH HAKTHI
JKaFmaiiapel YIIH CagbICTRIPMANbl TYPAKTBUIBIKIIEH CHIIATTANATHIH KONEMIiK Macca, Kr/MS,
KO3/IH TEpeHMIriHiH e3repyiHe OalIaHbICTBI OHBIH ©3/IriHeH TYTaHy Ke3iHe eHyl YIIiH
EPITIHIIHIH YJIECTIK IIBIFBIHBIH IITAMaMEH aHBIKTANTbI.

[IpakTUKanbIK KOJNIAHY YLIIH €pITiHIIHIH MEHIIIKTI IIBIFBIHBIHBIH €H JKOFaphl €CENTiK
MOH1 anblHaAbI, Oyi ayaHblH MmaHAbUIBIFBIH LIIPK-Fa >xoHe epiTiHIiHIH ©3[IriHEeH KbI3ABIPY
KO31HE EHYIH a3aiTaIbl.

Tyiinai ce3mep. Illanapl ayaHbIH ImIEKTI pykcar eTinreH KoHueHTparusicer (LILI),
Ccynb(MUATI KeHACPAIH ©3ITHEeH >KaHYybl, OTTETiHIH COpPOIUS >KbUIIAMABIFBIHBIH KOHCTaHTACHI,
ayaHblH THAPOTO3aHIaHYbIH Mojenbaey, CTokc >xoHe Dpyn KpUTepHidi, KypAell ocep ery
epITIHALIepI, KYpIeTi dcepili epiTiHAIHIH YJIECTIK IIBIFBIHBI.
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BbIBOP KOMIIJIEKCHOT'O JIEHCTBYIOIIET'O PACTBOPA U OGOCHOBAHHME
ET'O YAEJIBHOI'O PACXOJA HA YBJIA’KHEHUE B3PBIBHBIX CYJb®UIHBIX
PYJHBIX KOPITYCOB, IPEAITIOJTAI'AEMBIX CAMOBO3I'OPAHUSA

AnHotanusi. Ilpu 100ObYe TIONIE3HBIX HMCKOMAEMBIX OTKPBITHIM  CIHOCOOOM ¢
IMPUMEHEHUEM BBICOKOMPOU3BOAUTEILHOTO TOPHOIO OOOPYIOBaHHS MPOUCXOIUT 3arpsi3HEHUE
OKPYXAarOIIe Cpelabl MbUIbI0, BBIACNSEMOM MpPH MPOBEICHUU PA3IUYHBIX TOPHBIX PadoT.
Oco0OeHHO TpH BbIEMKE TOpPHBIX TMOpoJ 0Oe3 NPHUMEHEHHUs CpPEACTB MbUICMOIABICHUS
HaOmromaeTcst Haubojee MHTEHCHBHOE TbuIeBbIIeneHHEe. OCHOBHBIM CIOCOOOM CHM)KEHUS
NBUIEBBIICTICHUS SIBIISIETCS YBJIaKHEHHUE TOpHOM Macchl. OHaKo npu pa3paboTke CyIb(UIHBIX
Py, CKIIOHHBIX K CaMOBO3TOpaHMIO, O0Opr0a C MBUIbIO OCIOXKHsETCs. Jleno B TOM, 4TO BOZa
MO’KET UHTECHCU(PHUIIPOBATH MPOIIecCC OKUCICHHS U caMOpa3orpeBa cyibPUaHbIX pya B OypTe. B
CBSI3M C OTUM B TaKUX YCJIOBHSIX HEJb3s MPUMEHATH TPATUIIMOHHBIN CIOCO0 TUAPOTBIIICHHS, TaK
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KaKk OH OCYIIECTBISIETCS B Kapbepax, OTpabaThIBaeMbIX B OOBIYHBIX TOPHO-TEOJOTHYECKUX
ycnoBusax. Iloatomy npu paspaborke cyib(UIAHBIX pYJ, CKIOHHBIX K CaMOBO3IOPAHUIO, IS
YBIQXHEHUS  PEKOMEHIYETCs  HWCIOJb30BaTh  PAacTBOpHL,  oOnajgaromme  Hapsagy C
3¢ (EeKTUBHOCTBIO O0OECHBUIMBAHUS U AHTUOKCHJIAHTHBIMM CBOMCTBAMH, T.€. KOMILIEKCHOI'O
JICHCTBHS.

[IpeioxkeHO BbIpaXKeHHE Ui ONPEAETCHUs YAEIbHOIO pacxoja KUAKOCTH (q),
HeoOxoqumoro i cHwkeHus 3anbuieHHocT a0 [IJIK. IlpemsokeHo ypaBHeHue IS
ONpe/ieIeHUs]  BIAKHOCTHM MacCcuBa TOPHBIX IOpPOA Ha INIyOMHE, COOTBETCTBYHOILEH
OTIpe/IeJICHHOMY MOMEHTY BpEeMeHHU. PereHue 3Toro ypaBHeHUs O3BOJIMIIO MOMYYUTh (hOpMyITy,
JOIIYCKAIOLIYI0 TP M3BECTHBIX 3HAYCHMSX MAPaMETPOB BBICOTHI yBIAKHEHHOro orBasna H, m;
MaKCHMaJlbHas BJIQXXHOCTh PyAbl @m, %; €CTeCTBEHHAs BIAXHOCTb @ € %; oObeMHas macca,
Kr/M3, XapaKTepu3yIomascs OTHOCHTENbHBIM MOCTOSHCTBOM Ul KOHKPETHBIX YCIOBHil mypda,
OPHUEHTHPOBOYHO ONPEIEIUTh YJIEIbHBIM pacXxo] pacTBOpa Ha €ro IPOHMKHOBEHHE K Od4ary
CaMOBOCIIJIAMEHEHHsI B 3aBUCUMOCTH OT U3MEHEHUS IITyOMHBI oyara.

JUis pakTUYECKOro HCIOJb30BaHUS NPUHHUMAETCS HauOoJblllee pacueTHOE 3HAUYEHUE
yZIEIbHOTO pacxoja pacTBopa, oOecreurBarollee CHIKEHUE 3allbUIeHHOCTH Bo3ayxa a0 I1/JIK u
IIPOHMKHOBEHNE PAacTBOPA K OYary CaMOHarpeBa.

KuioueBbie caoBa. [lpenensHo nomycTumasi KOHIEHTpAIMs 3allbUICHHOTO BO3/ayXa
(ITOK), camoBo3ropanue cynb(QUAHBIX pyJd, KOHCTAHTa CKOPOCTH COpOLMH KHCIOpOJa,
MOJICIMPOBAHUE TpoIlecca THAPONbUICHUsST Bo3ayxa, kKputepuit Ctokca u ®pyna, pacTBOpPHI
KOMIUIEKCHOTO JIEHCTBUS, YACTBHBIM PacXo/1 pacTBOpa KOMILJIEKCHOTO JICHCTBUS.
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