DNIPRO UNIVERSITY
of TECHNOLOGY

Mining of Mineral Deposits
Volume 15 (2021), Issue 1, 42-49

JOURNAL / MINING.IN.UA

UDC 621.9 https://doi.org/10.33271/mining15.01.042

Operational lifetime increase of the pumping equipment
when pumping-out contaminated groundwater

Mykola Biloshytskyi®™©, Halyna Tatarchenko®®“©, Nataliia Biloshytska’™ ©, Pavlo Uvarov™~

Volodymyr Dahl East Ukrainian National University, Severodonetsk, 93400, Ukraine
*Corresponding author: e-mail tatarchenkogalina@gmail.com, tel. +380506069411

Abstract

Purpose. Solving the problem of increasing the pumping equipment operational lifetime when pumping-out contaminat-
ed groundwater in the iron-ore industry by extracting the hard, abrasive part, using magnetic filters based on permanent
ferrite magnets.

Methods. To produce spherical hard-magnetic ferrite elements that catch finely-dispersed magnetic and weakly-magnetic
abrasive particles when pumping-out contaminated groundwater in the iron-ore industry, barium ferrite powder BaO-6Fe;O3
is applied, which is usually used for obtaining hard-magnetic ferrites. Spherical elements for filling a magnetic filtering
installation are obtained by the method of spheroidizing the barium ferrite powder in a dragee machine. Sintering of spheri-
cal granules obtained from barium ferrite powder is conducted in a high-temperature atmospheric electric box furnace. The
sintered spherical elements made of hard-magnetic barium ferrite are magnetized using a magnetic pulsed toroidal-shaped
setup in a pulsed constant magnetic field.

Findings. For continuous pumping-out and purification of contaminated groundwater from magnetic, weakly-magnetic and
non-magnetic highly abrasive particles with the help of magnetic filters, a scheme of a filtering installation of two sections is
pro-posed. A technology for producing spherical permanent magnets from barium ferrite powder has been developed for a
filtering installation, which includes a coarse purification column with hollow-spherical permanent magnets of 16-17 mm in
diameter and a fine purification column with full-bodied spherical barium ferrite magnets of 6-7 mm in diameter.

Originality. The term of pumping equipment operation is doubled if to eliminate abrasive wear due to the filtering two-
section installation by filling with barium ferrite spherical magnets. In the case of changing the filter, idle time is reduced by
using the supplementary auxiliary column. The possibility of processing filtration products and their use in the field of con-
struction and metallurgy without environmental pollution is substantiated.

Practical implications. The scheme of magnetic groundwater purification in the iron-ore industry is proposed, consisting of
a filtering column of coarse and fine purification from abrasive particles. A technology for producing spherical magnets
with different diameters has been developed to ensure the quality of the process. The research results allow to increase the
operational lifetime of pumping equipment by eliminating abrasive wear, which will lead to significant savings in the
replacement and repair of centrifugal pumps.
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1. Introduction

Development and improvement of technologies aimed at
increasing the operational lifetime of the equipment for
pumping-out underground water in the iron-ore industry is
very acute and pressing production problem [1]-[3], since the
removal of groundwater, formed inevitably both from open
pits and underground mines of the mining industry, is ac-
companied by wear of centrifugal power pumps, suction and
transporting pipelines, as well shut-off devices. When ex-
ploiting the pumping equipment, abrasive wear mainly oc-
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curs, since during the iron ore extraction, insoluble magnetic
and weakly-magnetic hard particles are present in the
groundwater in a suspended state, which, passing through the
system, inevitably penetrate into the gaps of the moving
pump surfaces [4]. This leads to a decrease in productivity,
the operational lifetime of the parts in their flow channel, to
significant operating costs and an increase in the cost of the
final mining industry product [5], [6].

The problem of increasing the operational lifetime of
equipment is solved by creating new technologies, but more
often by improving known ones, although, in general, this
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leads to a significant increase in cost[7]. For example,
through the use of more wear-resistant materials for wearing
surfaces of power units or the most common strengthening
methods, such as surfacing, gas-thermal and electrochemical
surface treatment, as well as with the use of modern powder
metallurgy technologies [8], [9]. It should be noted that the
worn-out parts restoration reduces the cost of equipment
repair and reduces production costs, and, accordingly, gives a
significant economic effect [10].

The authors of the works [11], [12] point out the main
structural-and-technological directions that improve the op-
erating characteristics of withdrawal centrifugal pumps:

— the cavitation process reduction;

— decreasing the rate of the hydroabrasive mixture flow in
the impeller cavity, thus reducing the surface wear of the
impeller structural elements and increasing the suction ca-
pacity of the pump;

—reducing the vibration influence of both the hydroabra-
sive mixture and the pump as a whole in the process of
pumping-out the waste water;

— extraction of a hard, abrasive part of the hydraulic mix-
ture before it enters the impeller cavities and its blades using
a hydrocyclone-phase separator.

From the above works, it can be seen that in practice,
both methods of restoring worn-out surfaces and structural-
and-technological decisions are widely used that contribute
to an increase in the operational lifetime of pumping equip-
ment in the mining industry. However, in our view, in order
to increase the operational lifetime, ensuring reliability, du-
rability and high productivity of the pumping units used, it is
most expedient to use installations that separate the finest,
magnetic and weakly-magnetic abrasive particles from the
pumped liquid until it enters the working cavity of the pump.

The authors of the work [13] indicate the great potential
of possibilities for creating installations separating magnetic
and weakly-magnetic particles from the pumped liquid, using
permanent ferrite magnets. Hard-magnetic ferrites are ferro-
magnets with high crystallographic anisotropy, which are
mainly produced by using ceramic technology.

Ceramic hard-magnetic ferrites with a hexagonal struc-
ture are widely used in various fields of industry [14], [15],
93% of all produced magnets in world production are barium
and strontium ferrites. The advantages of these magnets in
comparison with traditional metal magnets are, first of all,
high specific electrical resistivity, high coercive force, which
ensures the permanent magnets stability, low cost and sim-
plicity of production technology.

The use of installations for separating hard abrasive parti-
cles from a liquid will significantly reduce the consumption
of expensive metals used in the restoration of worn parts by
surfacing and sputtering methods, as well as using powder
metallurgy technologies [16]-[19].

Thus, the issue of increasing the operational lifetime of
equipment used for pumping-out contaminated groundwater
in the mining industry is relevant and can be solved by creat-
ing magnetic filters and, accordingly, preventing abrasive
wear of the pumping equipment working surfaces.

The work is aimed at solving the problem of increasing
the operational lifetime of pumping equipment when pump-
ing-out contaminated groundwater in the iron-ore industry by
extracting a hard, abrasive part using magnetic filters based
on permanent ferrite magnets.
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For achieving the purpose set, it is necessary to solve the
following tasks:

—analyse the existing methods of increasing the opera-
tional lifetime of pumping equipment in the mining industry;

— develop a technological scheme for continuous pump-
ing-out and purification of contaminated groundwater using
magnetic filters;

—develop a composition and technology for producing
spherical permanent magnets from barium ferrite powder for
a filtering installation.

2. Materials and methods of research

To produce spherical hard-magnetic ferrite elements that
catch finely-dispersed magnetic and weakly-magnetic abra-
sive particles when pumping-out contaminated groundwater
in the iron-ore industry, barium ferrite powder BaO-6Fe;Oz is
applied, which is usually used to obtain hard-magnetic fer-
rites of 18BA210 grade according to GOST 24063-80 “Mag-
netically hard ferrites. Grades and main parameters”.

Spherical elements for filling the magnetic filtering in-
stallation are obtained by spheroidizing the barium ferrite
powder in a DR-5A dragee machine. The real density of
barium ferrite powder is several times higher than that of
traditional powder materials. Therefore, in order to increase
the mass of rolled spherical granules over 150 kg and intensi-
fy the compaction processes in a rotating drum, and, conse-
quently, improve the performance of the machine, an electric
motor with a power of 2800 W is set, with the rotation fre-
quency of the drum — 0.4 = 0.04 s,

Spheroidization is performed as follows: red-brown ba-
rium ferrite powder shown in Figure 2, is poured into the
rotating drum of the dragee machine (Fig. 1) and moistened
in small doses with a working solution of polyvinyl alcohol
(PVA) gel using a spray gun. The initial weight of the ba-
rium ferrite powder loading is 50 kg.

Figure 1. DR-5A dragee machine: 1 - rotating drum; 2 — electric
motor; 3 — base

Polyvinyl alcohol is a binder in the formation of spherical
granules. The flake-like shape of finely-dispersed powder
particles with a particle size of 0.3-0.5 um facilitates their
orientation when rolling each subsequent layer to obtain the
required sphere diameter. The high crystallographic anisot-
ropy of the rolled particles of each subsequent layer signifi-
cantly increases the coercive force.
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Figure 2. Barium ferrite powder

This makes it possible to obtain future spherical perma-
nent magnets with sufficient magnetic field energy and in-
creased stability when exposed to external magnetic fields,
impacts and vibration.

The working solution of PVA gel is prepared as follows:
10 litres of tap water is filled into a steel container with a
volume of 15 litres, and then 2 kg of PVA powder is added
and thoroughly mixed until a homogeneous turbid colloidal
solution is obtained. Then, the solution is slowly brought to a
boil with constant stirring to avoid burning. The resulting
transparent gel is covered with a lid to prevent moisture
evaporation and the formation of a polymerized film on the
solution surface, and cooled to room temperature. To obtain
a working solution, the concentrate is diluted with water at
the rate of one part of the concentrate to one part of water.

The resulting spherical granules of barium ferrite powder are
sintered in a high-temperature atmospheric electric box furnace
of the CHO-64 type for heat treatment of composite materials
and firing of ceramics, as well as refractory material with sili-
con-carbide heaters (SiC) at a temperature of 1300°C for four
hours. This furnace is equipped with a thermal system for with-
drawn gases purification. After being hold isothermally, they are
slowly cooled together with the turned off furnace with the
closed door of the loading chamber. With an increase in the
sintering temperature, the density increases, which contributes to
an increase in the granules residual magnetization. The coercive
force dependence of magnets based on barium ferrite on the
sintering temperature has an extremum, the position of which is
determined by the dispersion of grinding the initial powder.

The sintered spherical elements made of hard-magnetic
barium ferrite are magnetized using a magnetic pulsed toroi-
dal-shaped setup in a pulsed constant magnetic field.

3. Results

For increasing the operational lifetime of the pumping
equipment, the authors of the work propose to mount a filter-
ing installation before it — a column filled with magnetic
catching elements. Spherical permanent magnets made of
barium ferrite, as the most widely used and relatively inex-
pensive material, are proposed to use as the column filler.
Studies on determining the optimal diameter of magnetic
catching elements (Fig. 3) reveal that with a magnet diameter
of 6-7 mm, the filtering column retains almost 100% of mag-
netic and weakly-magnetic abrasive particles (Curve 1). The
time of continuous column operation until complete clogging
is about 900 hours (Curve 2). The degree of clogging the
filtering elements is determined using a pressure drop ma-
nometer located between the filtering column and the centrif-
ugal pump. A sharp increase in the rarefaction degree, record-
ed by a manometer, indicates a clogging of filtering column.
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Figure 3. Dependency graph of the percentage ratio of filtering
capacity and time until complete clogging of the filter on
the spherical magnets diameter

During the research, it has been revealed that for the con-
tinuous pumping unit operation when replacing spent filters,
it is expedient to place an auxiliary column in parallel, which
is connected to the circuit using three-position switch valves.
When the filtering column is clogged, the load on the electric
motor of the centrifugal pump increases and the capacity of
pumping the groundwater decreases. Then, there is an auto-
matic switching of the three-position switch valves, and the
groundwater is redirected through the auxiliary column with-
out stopping the pumping process, which is not permissible
when deep underground mines are operating.

In general, studies have shown that the production of ce-
ramic magnets from barium ferrite powder with a fairly high
magnetic field after magnetization is the most labour-
intensive process. In particular, this relates to the initial pro-
cess of obtaining the required critical mass of the so-called
“nuclei”, from which spherical granules of the required di-
ameter are formed during rolling, taking into account the
shrinkage factor during sintering.

With the constant drum rotation, in the first minutes of
the process, the barium ferrite powder rolls into loose, large
conglomerates of various sizes, which should be constantly
ground in order to obtain dense “nuclei”. The presence of
free, finely-dispersed barium ferrite powder indicates a lack
of PVA binder, which should be added in very small por-
tions. Constant drum rotation and grinding of conglomerates
leads to the gradual formation of fine and dense spherical
granules up to 2 mm in diameter. The rapidly formed loose
granules over 2.5 mm, which are concentrated in the centre
of the rotating mass during the drum rotation, are also ground
by selecting with a sieve with a mesh of 2.5 mm. The binder
overdose leads to sticking together of “nuclei” in several
pieces, which are divided into separate components using a
sieve. Thus, the process of forming “nuclei” up to 2 mm in
diameter from barium ferrite powder can take up to one hour.

The further process of rolling each layer of spherical
granules to the required diameter is less labour-intensive.
The “nuclei” in a rotating drum are also uniformly moistened
with a working PVA solution in small doses and the surface
of the rotating mass is evenly sprinkled with barium ferrite
powder, using a sieve with 100 um mesh. The occurrence of
free material that does not adhere to the granules and is dis-
placed to the drum rotation axis is a signal to the sufficient
addition of powder. After filling the powder, the stage of
spheroidization and compaction of the rolled layer begins,
which can last from 8 to 18 minutes, depending on the diame-
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ter of the formed granules. Moreover, with an increase in the
granules diameter, the time of each layer compaction decreas-
es caused by an increase in mass, and, accordingly, the energy
upon mutual collision of each granule. The completion of the
process of the rolled layer full compaction is evidenced by the
rolling of free excess powder and the so-called “sweating” of
spherical granules, that is, the displacement of excess liquid
onto the surface of the maximally compacted layer. When
“sweating” appears, a fresh portion of the powder is added
without wetting by PVA and rolled for 5-7 minutes until a
smooth hard surface is obtained (2 on the Mohs’s scale). Each
subsequent layer is rolled in the same way.

When the granules reach more than 4 mm, an overdose of
both the PVA binder and the powder has almost no effect,
since the granules stuck together have a sufficiently large
mass and spontaneously separate when the drum rotates.

In the process of rolling the spherical granules, some of
the powder inevitably adheres to the walls of the rotating
drum. This layer must be periodically scraped with steel
scrapers as its thickness increases over 1 mm. The formed
fine compacted particles of splintery and flaky shape in the
process of rolling with larger and harder granules gradually
turn into new “nuclei”, contributing to a continuous process
of producing the spherical granules.

Thus, the growth of each granule in diameter when roll-
ing each layer occurs not with the same value. This is condi-
tioned both by the non-uniform wetting of the granules total
volume, and by the constant formation of new “nuclei” and
their growth. When, after complete compaction of the last
layer, the required diameter of the spherical granules is
achieved visually, a sieve with a mesh of 9 mm is used to
select the required fraction. Moreover, the largest fraction of
granules under the action of centrifugal force is displaced
towards the centre of the rotating mass.

As a result of spheroidization of barium ferrite powder in
a dragee machine, the hard, dense spherical brownish gran-
ules are obtained, with an almost smooth surface and a diam-
eter of 9-10 mm, taking into account the shrinkage when
sintering. This is shown in Figure 4.

Figure 4. The spherical granules obtained as a result of barium
ferrite powder spheroidization: colour — red-brown; sur-
face — smooth, matte

The obtained spherical granules are sintered in 4 stages.
Before sintering, granules with a diameter of 9-10 mm are
preliminarily dried on stainless steel sheets for a day at
room temperature. The filling thickness is 2-3 layers of
spherical granules. The dried granules are filled into refrac-
tory ceramic containers and loaded into a high-temperature
furnace. Sintering is carried out in an oxidizing medium
according to a specially developed stage-by-stage mode,
which is shown in Figure 5.
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Figure 5. The mode of stage-by-stage sintering of the spherical
granules produced from barium ferrite powder

At the first stage of sintering, the temperature rises to 90-
100°C within 0.5 hours and isothermal holding occurs at this
temperature for 1.5 hours. Thus, spherical granules volume is
completely heated and the molecular moisture remaining
after atmospheric drying is completely removed.

At the second stage, the temperature is increased to
300 + 15°C within 1.5 hours and isothermal holding is also
performed for 2.5hours. Slow heating and holding
contributes to uniform heating and maintaining the integrity
of spherical granules without the formation of microcracks
on the surface during decomposition, as well as to removing
of organic components in a gaseous form (mainly a PVA-
based binder).

With further gradual heating to 1300 + 15°C for four
hours (the third stage of sintering), the final burning off oc-
curs of organic substances and chemically bound water con-
tained in one of the barium ferrite components — iron oxide.
With isothermal holding for four hours, not only grain
growth is observed, but also an increase in the degree of their
orientation and, accordingly, their magnetization.

After isothermal holding, the sintered spherical granules,
in order to avoid the formation of microcracks and complete
cracking, are cooled to a temperature of 300°C for nine hours
together with the furnace with the closed door (the fourth
stage of sintering). The containers removed from the furnace
are additionally cooled to room temperature in still air.

A decrease in the spherical granules diameter during sinter-
ing from 9-10 to 6-7 mm, caused by an increase in density to
4.6-4.8 glcm?®, provides a higher residual magnetization, as
well as a higher squareness of the hysteresis loop [20] and,
consequently, the maximum magnetic energy of ferrite spheri-
cal granules field after magnetization. Thus, the complete
cycle of sintering is 24 hours, resulting in dense, hard spherical
granules of black-graphite colour, shown in Figure 6.

Figure 6. The loosely poured spherical granules after sintering:
color — black-graphite; surface — smooth, shiny
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The sintered ferrite granules are filled into a magnetically
permeable plastic container and magnetized using a magnetic
pulsed toroidal-shaped setup, the schematic diagram of
which is shown in Figure 7.
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Figure 7. Schematic diagram of a magnetic pulsed toroidal-
shaped setup: 1 — electromagnetic coils; 2 — plastic con-
tainer; 3 —magnetisable spherical granules; 4 - core
made of magnetically soft steel

A plastic container 2 with sintered spherical granules of
barium ferrite 3 is installed between the electromagnetic coils
1 and fixed with a movable core 4. Then, a pulsed direct
current of 10-15 A is passed through the windings of the
coils, as a result of which the granules are permeated with a
magnetic field of 55-75 KA/m, which is by 5-8 times higher
than the coercive force of the ferromagnet. Magnetization in
weaker fluxes of magnetic fields leads to a decrease in mag-
netic energy by 10-15%. The pulse duration is 1 second.
When exposed to a magnetic field, the granules are oriented
along it by the axes of lighter magnetization, which is facili-
tated by the initial flaky shape of barium ferrite powder.
When spheroidizing, the degree of orientation reaches 60%,
and subsequent sintering increases by 15%.

As a result of barium ferrite powder spheroidization using
PVA gel solution as a binder, and then drying, sintering in an
oxidizing atmosphere with three isothermal holdings, and
magnetization using a pulsed, direct current, spherical mag-
nets are obtained, shown in Figure 8.

Figure 8. The spherical granules after magnetization, which have
a sufficient magnetic field to catch magnetic particles

Spherical magnets have a sufficient magnetic field to
catch magnetic and weakly-magnetic particles, as indicated
by the ability to form various figures of simple configuration
from them.
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The results of laboratory bench tests during 3000 hours
on purification of contaminated groundwater from abrasive
particles confirm the possibility of using permanent magnets
as catching elements. The required frequency of replacing
the filtering column contents is every 800-900 hours of con-
tinuous operation of the experimental filtering installation.
At the same time, studies of the centrifugal pump working
surfaces confirm a practical absence of abrasive wear, which
contributes to an increase in the operational lifetime of
pumping equipment up to two times.

Thus, the research results have shown the possibility of
using magnetic spherical granules produced from barium
ferrite in the iron-ore industry for purification of groundwa-
ter contaminated with fine magnetic and weakly-magnetic
abrasive particles in order to protect centrifugal pumps
from abrasive wear, and, thereby, increasing the lifetime of
their exploitation.

4. Discussions

Magnetic filters based on barium ferrite have a number of
advantages over metal permanent magnets, namely:

— they are cheaper by 6-10 times;

— there is not a shortage in raw materials (BaCOs, Fe20s);

— simplicity of ceramic producing technology;

— high coercive force, and, therefore, high stability with
repeated reversal magnetization, resistance to external influ-
ences, corrosion resistance in corrosive liquids;

— high hardness;

—low real density (up to 5 instead of 8 g/cm?® in metal
magnets).

The disadvantages include high brittleness in the case of
small-section magnets with an elongated axis and the inad-
missibility of the working solution freezing in the pores of
ceramic magnets.

In addition, when testing an experimental magnetic filter-
ing installation, in which spherical magnets of only 6-7 mm
in diameter made of barium ferrite are used as a catching
filler, a rapid (800-900 hours) clogging is observed of the
voids volume between freely filled spherical magnets and
filtration products. As a result, the load on the centrifugal
pump rapidly increases and there is a need for frequent re-
placement and regeneration of magnetic catching elements,
which leads to an increase in the cost of the groundwater
purification process.

Based on these data, it is decided to divide the purifica-
tion process into two stages: preliminary purification with
the use of larger spherical magnets where coarser inclusions
of abrasive particles are captured, and the final purification
with the use of above studied spherical magnets with a diam-
eter of 6-7 mm to capture dust-like magnetic and weakly-
magnetic particles.

An improved scheme of a magnetic filtering installation
using two stages of contaminated groundwater purification is
proposed (Fig. 9). This scheme makes it possible to reduce
the frequency of filtering magnetic elements replacement by
increasing the voids volume between the spherical magnets
in the filter of preliminary coarse purification.

Purification in the process of pumping-out contaminated
groundwater with magnetic and weakly-magnetic abrasive
particles is as follows. Contaminated water is sucked in
through the water-intake pipe 1 and fed to the filtering col-
umn of coarse purification 2.
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Figure 9. Scheme of a magnetic filtering installation: 1 — water-
intake pipe; 2 — filtering column of coarse purification;
3 — pressure drop manometer at the stage of coarse puri-
fication; 4 —filtering column of fine purification;
5 — pressure drop manometer in the filtering installa-
tion; 6 — centrifugal pump; 7 — pipe for water discharge;
8, 9 — three-position switch valves

The filtering column of coarse purification is filled with
large spherical magnetic granules, where large magnetic and
weakly-magnetic abrasive particles with a particle size of
more than one millimetre are captured. Using the pressure
drop manometer 3 at the stage of coarse purification, the
degree of pressure drop over time is controlled, and its read-
ings indicate the degree of clogging of the coarse purification
filtering column. Final purification of groundwater takes
place in a filtering column of fine purification 4 filled with
spherical magnetic granules with a diameter of 6-7 mm.
Using the pressure drop manometer 5, the degree of clogging
over time of the entire filtering installation is controlled.
With the help of three-position switch valves 8 and 9, the
flow of the pumped-out liquid is redirected to the auxiliary
columns when the used filtering columns become clogged.

Thus, the centrifugal pump 6 receives water that is almost
completely purified from abrasive particles, and which is
discharged through the water discharge pipe 7. In the case of
a steady filtration process, the installation with magnetic
spherical granules is capable of capturing not only magnetic
and weakly-magnetic particles, but also the finest non-
magnetic abrasive particles that are retained in the fine puri-
fication filtering column between the magnetic particles.

Spherical magnets made of barium ferrite of 16-17 mm in
diameter can be used as a filler for the coarse purification
filtering column. In order to reduce the filler mass and save
the barium ferrite powder, it is proposed to produce the hol-
low spherical granules (Fig.10a). They can be produced
according to the production technology of spherical magnets
with a diameter of 6-7 mm, but the following restriction
should be guided — the thickness of the granule shell
(D - d)/2 must be more than half of the inner diameter d. If
this condition is met, the possibility of cracking and defor-
mation of granules during sintering is excluded.

The difference between spheroidization of hollow and
full-bodied granules is that foam polystyrene granules with a
diameter of 5-7 mm (Fig. 10b), used in the foamed plastics
production, can be used as the initial “nuclei”.
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As in the process of the full-bodied granules spheroidiza-
tion, the most labour-intensive process is the initial stage of
rolling barium ferrite powder onto foam polystyrene gran-
ules. Wetting of light granules with a PVA working solution
leads to their sticking together. Therefore, it is necessary to
constantly alternate wetting, sprinkling with barium ferrite
powder and destruction of adhered conglomerates, until a
critical shell mass is obtained, at which no adhesion of gran-
ules is observed. The further process of hollow granules sphe-
roidization until the required diameter of 19-20 mm is ob-
tained, taking into account shrinkage during sintering, does
not differ from the full-bodied granules production. In the
case of a steady process, small “nuclei” with a diameter of
1-2 mm may occur from the fragments formed at the initial
stage, which are separated by a sieve with a mesh of 3 mm in
diameter and used as “nuclei” for full-bodied granules.

Sintering of hollow granules with a diameter of 19-20 mm
is accompanied by an increase in the time of temperature rise
from 100°C and isothermal holding at 300°C by 2 hours.
This necessity is conditioned by the formation of a larger
gases volume and their slow release through the granule shell
pores during the foam polystyrene decomposition.

According to the research performed, it has been found
that the use of a filtering installation with a supplementary
preliminary column of coarse purification enhances the ef-
fectiveness of pumping-out groundwater due to a decrease in
the replacement frequency (from 800 to 3000 hours) for
regeneration of filtering elements, and an increase in the
operational lifetime of the pumping equipment before sched-
uled repair, more than twice.

Used magnetic filters can be regenerated. Currently, the
authors of the paper are conducting research on the regenera-
tion of used filters, aimed at preserving the environment and
ecological safety, where the possibility of processing filtration
products and their use in the field of construction and metal-
lurgy is being studied. Research is aimed at the use of a non-
magnetic component in construction as a filler for production
of heavy and road cement-concrete mixtures [21]. Steel can
be obtained from the magnetic component after granulation
with the addition of coke powder by the direct reduction
method and bypassing blast furnace remelting [22], [23].

The pumped-out water, purified from mechanical mag-
netic, weakly-magnetic and non-magnetic impurities, provi-
ded its permissible content of soluble salts, can be discharged
into rivers and water bodies. This technology helps to pre-
serve the environment without contaminating vast areas used
for settling sumps.

5. Conclusions

Thus, the research performed was aimed at increasing the
operational lifetime of pumping equipment in the mining in-
dustry, taking into account the analysis of existing methods.

A technology for producing spherical permanent magnets
from barium ferrite powder for a filtering installation has
been developed which includes a coarse purification column
with hollow-spherical permanent magnets of 16-17 mm in
diameter and a fine purification column with full-bodied
spherical barium ferrite magnets of 6-7 mm in diameter.

The dependence of the percentage ratio of the filtering
capacity and the time until complete clogging of the filter on
the diameter of the spherical magnets has been studied, as
well as their optimal parameters have been determined. It is
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indicated that with a spherical magnet diameter of 6-7 mm,
the degree of purification reaches almost 100%, and the
operating time until complete clogging is 900 hours.

A stage-by-stage mode of sintering the spherical granules
obtained from barium ferrite powder has been developed,
which ensures their high quality.

For continuous pumping-out and purification of contami-
nated groundwater from magnetic, weakly-magnetic and
non-magnetic highly abrasive particles with the help of mag-
netic filters, a scheme of a filtering installation of two sec-
tions is proposed, which is able to increase the operational
lifetime of pumping equipment in the mining industry.
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IixBueHHs TepMiHiB ekcnIyaTanii HACOCHOI0 00/1aJHAHHSA
NPH BiAKa4uyBaHHi 3a0pyAHEHUX IPYHTOBHX BOJ

M. Binommmupkwit, I'. TaTtapuenko, H. Binommuneka, I1. YBapos

Mera. PieHHs 3aBIaHHs MiABUILCHHS TEPMIiHIB eKCILTyaralii HACOCHOTO 00JaHaHH TIPH BiJKadyBaHHI 3a0pyJHEHHX IPYHTOBUX BOJ
y 3ali30py/Hili MPOMHUCIOBOCTI, 38 PaxyHOK BHIIJICHHS TBepAoi, abpa3MBHOI YaCTUHU 3 BHKOPHCTAHHSM MarHiTHHX (igbTpiB Ha OCHOBI
MOCTIHHUX (PePUTOBHX MArHITIB.

Metoauka. [{ns oTpuMaHHs cepUuHMX MArHIiTOTBEpAUX (EPUTOBHX EIIEMEHTIB, IO YJIOBIIOIOThH APIOHOIMCIIEPCHI MArHiTHI Ta ciad-
KOMarHiTHi abpa3uBHI YaCTHHKHU IIPH BiIKa4yBaHHI 3a0pyIHEHUX IPYHTOBUX BOJ Y 3aJi30PYIHIN MPOMHCIOBOCTI, BAKOPUCTOBYBAIN ITOPO-
mok ¢epury 6apito BaO-6Fe203 3acTocoByBaHuiA st OTpIMaHHS MarHiToTBepAnX (eputiB. CheprdHi eneMeHTH I HAIOBHEHHS MarHIT-
HOI yCTaHOBKH, IO (QIIbTPye, OTPUMYBAIH METOJI0OM cepoinnzamii mopomky deputy Oapito B ApaxkupyBansHii MammHi. CrikaHHS chepu-
YHHUX TPaHyl, OTPUMAaHUX 3 MOPOIIKY (eputry Oapiro, BUKOHYBaJIH B BHCOKOTEMIIEPATYPHi aTMOC(hEpHIN eNeKTpHYHIA KaMepHild medi.
HamarnidyBaHHs credeHHX C(epHYHMX €IEMEHTIB 3 MarHiToTBepAoro ¢eputy 0apil0 BUKOHYBAJIM 3a JOMOMOTOI0 MArHiTHOI iMITyJbCHOT
YCTaHOBKHU TOPOifaJIbHOI POPMU B IMITYJIbCHOMY HOCTIHHOMY MarHiTHOMY IIOJi.

Pe3yabTaTn. 3anporoHoBaHO cxemy (GibTpyBalbHOT YCTAHOBKH 3 ABOX CEKLi AJs Oe3nepepBHOT BiIKaYKU Ta OYMIICHHS 3a0pyIHEHHUX
IPYHTOBHX BOJ BiJ MarHiTHHX, cJJaOKOMAarHiTHHUX i HEMarHiTHUX BHCOKOAaOpa3MBHHMX YaCTHHOK i3 BUKOPHUCTAHHSIM MAarHiTHHX QiJIbTpIB.
3anponoHOBAHO TEXHOJIOTII0 OTPUMAHHS CEPUYHHUX ITOCTIHHMX MArHITIB 3 MOPOHIKY (epury Oapiro, s (GiIbTpyBalbHOI YCTAaHOBKU MO
CKJIaJly SIKOT BXOJSITh: KOJIOHA IPpy0O0i OYMCTKH 3 IyCTOTUINMHU C(EPUIHIMHU NOCTIHHUMH MarHiramu giamerpoM 16-17 MM i KoloHa TOHKOT
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OYHCTKH 3 MOBHOTUIMMH CepHuHMMH MarHiTamu 3 depury Oapito fiamerpoM 6-7 MM. Pe3ynbraTu MpOBEACHHX AOCITIIKEHb T03BOJATH
301IBLIMTH TEPMiH eKCIUTyaTalii o0nagHaHHs, 0 BigKa4yye, BHACIIIOK YCYHEHHs abpa3vMBHOIO 3HOCY, LIO MPU3BEC 0 3HAYHOI SKOHOMIl
KOILTIB HAa 3aMiHy 1 pEMOHT BiALIEHTPOBUX HACOCIB.

HayxoBa HoBHM3HA. TepMiH eKcIuryaTarii HacOCHOro o0JiaHaHHS 30LIBIIYETHCS Y IBAa pa3H, BHACHIIOK YCYHEHHs aOpa3suBHOIO 3HOCY,
3a paXyHOK JIBOCEKIIHHOT (UIBTPYBaJIbHOI YCTAHOBKH 3 HAIIOBHEHHSIM iX c)epHIHMMU Mar"itamu 3 ¢pepury Oapiro. Yac mpocTois npu 3amiHi
(uTBTpa 3MEHIIYETHCS 32 PAXYHOK JJOAATKOBOI pe3epBHOI KosoHH. OOIpyHTOBaHA MOXKIUBICTE IIePepOOKH MPOIYKTIiB (GinbTpamnii i BHKOpHC-
TaHHA iX y Tanys3i OyiBHAITBA i MEeTAIyprii, 6e3 3a0pyTHEHb HABKOJIHIITHLOTO CEPEIOBHIIA.

IIpakTHyHa 3HAYMMIiCTh. 3aIIPONIOHOBAHO CXEMY MAarHiTHOTO OYMINEHHS IPYHTOBUX BOJ 3ai30pYAHOI IPOMHUCIOBOCTI, IO CKIATAa€Th-
cst 3 GinbTpa-KOIOHU Tpy0Ooi i TOHKOI OYHUCTKH Bifl abpa3sMBHUX YaCTHHOK. PO3pOOIEHO TEXHOJIOTTYHUI MPOLIEC BUTOTOBICHHS CHEPUIHHX
MArHiTiB pi3HUX JiaMeTpiB A 3a0e3Me4eHHs IKOCTI IpoLecy.

Knrwouosi cnosa: nacocne obaaonanms, ipyHmosi 600u, 3Hoc, ghepum bapito, cpepuunuii mazsnim, Qinomp, 3ani30pyOHa NPOMUCILOBICHb

IToBbIIeHHE CPOKOB IKCIJIYaTALHH HACOCHOTO 060PY10BAHMS
NPH OTKAYUBAHHH 3arPsI3HEHHBIX IPYHTOBBIX BOJ

H. benommnxkuii, I'. Tatapuenko, H. benomunkas, I1. YBapos

Ieas. Penrenne 3aaun NOBBIICHNS CPOKOB 3KCIUIyaTalliy HACOCHOTO 000PYXOBaHMS IIPH OTKAaUYMBAaHHUH 3arpsI3HEHHBIX TPYHTOBBIX BOJ
B JKEJIe30pYAHON NPOMBIIIICHHOCTH, 33 CUEeT BBIACICHUS TBEP/Oil, aOpa3sUBHON 9acTH, ¢ MCHOIB30BaHHEM MarHUTHBEIX (HUIBTPOB Ha OCHOBE
TIOCTOSIHHBIX (DEPPHTOBBIX MarHUTOB.

Metoauka. [{ys nonydeHns chepruyecKux MarHUTOTBEPIbIX (HEPPUTOBBIX HIIEMEHTOB, YIABIHBAIOLINX MEIKOMUCIIEPCHBIC MATHUTHBIC U
craboMarHuTHbIC a0pa3uBHbBIC YaCTUIIBI IPU OTKAYMBAHHU 3arPS3HEHHBIX TPYHTOBBIX BOJ B JKEJIE30PYAHOH MPOMBIIUICHHOCTH, UCHIOJIB30-
Bany mopomok ¢depputa Gapusi BaO-6Fe203, npuMeHseMblid [UIs TOMy4CHUsS MarHUTOTBEpIbIX (epputoB. Chepudeckue 3IeMEHTHI I
HAIlOJTHeHUs] MarHUTHOW (HIIBTPYIOIICH YCTaHOBKH IOJIyYald METOIOM c(hepouau3aliy mopolka ¢pepputa 6apus B JpakMPOBOYHON Ma-
muHe. Criekanue cepruueckux TpaHyll, MOJTyYeHHBIX M3 HMOpomlKa (Geppura 6apus, NPOU3BOAMIN B BEICOKOTEMIIEpaTypHOH aTMochepHOit
JNEKTPUIECKON KaMepHO# neun. HamarnuanBanye criedeHHbIX chepuIecKnuX JIEMEHTOB U3 MarHUTOTBEPIOro (heppuTa Oapust OCyIIECTBIII-
JIM C IOMOIIBIO MarHUTHON MMITYJIbCHOM yCTaHOBKY TOPOHIANEHOI ()OPMBI B UMITYJIbCHOM IIOCTOSIHHOM MarHHTHOM IIOJIE.

PesyabTatsl. [Ipeuioxkena cxema (QHIBTPYIOMIEH YCTAaHOBKM W3 OBYX CEKUIWIl Ul HENPEpbIBHON OTKAYKH M OYHUCTKU 3arps3HEHHBIX
TPYHTOBBIX BOJ OT MAarHUTHBIX, CIA0OMarHUTHBIX U HEMAarHUTHBIX BBHICOKOAOPA3UBHBIX YACTHI[ C UCHOJIb30BAHUEM MAarHUTHBIX (HHIBTPOB.
TpensoxeHa TEXHOJIOTHS MOJMY4YeHHUs cEepUUECKUX MOCTOSIHHBIX MarHUTOB U3 Mopolika Gepputa O6apus, it GUIBTPYIOIICH yCTaHOBKH, B
COCTaB KOTOPOI BXOIAT: KOJOHA IpyOOl OYMCTKH C IMyCTOTENBIMU CHEPUUECKIMHU MOCTOSHHBIMA MarHUTaM# TuaMeTpoM 16-17 MM u xoJo-
Ha TOHKOH OYUCTKH C MMOJHOTEIBIMH CPEPUUECKIMU MarHUTaMu 13 heppuTta Oapus THaMeTpoM 6-7 MM.

Hayunas HoBm3Ha. CpoK dKCIUTyaTallil HACOCHOTO 00OpYAOBaHMs YBEIHYMBACTCS B JIBa pPasa, BCIEICTBUE YCTPaHEHUsI aOpa3sUBHOTO
U3HOCa, 32 cueT (QuIbTpyromel ABYXCEKIIMOHHOH YCTaHOBKHM C HAIlOJIHEHHEM HMX CQEepHYecKMMH MarHutamu u3 ¢eppura Oapus. Bpems
IPOCTOEB IPH 3aMeHe (HIbTPa CHIDKACTCS 3a CUCT JONOJIHUTENBHOH pe3epBHOH KoJOHHBL. OOOCHOBaHA BO3MOXKHOCTH IepepabOTKH Mpo-
IYKTOB (DHIIBTpALIMK M MCHOJIB30BAaHUE UX B 00JIACTH CTPOUTENHCTBA M METAILTYPriH, O€3 3arps3HeHUH OKPYKaIOIIeH Cpepbl.

IIpakTHYecKasi 3HAYUMOCTB. [Ipe/yioKeHa cXxeMa MarHUTHON OYHCTKU TPYHTOBBIX BOJ| JKEJI€30PY/IHOM MPOMBIIUIEHHOCTH, COCTOSIIAs
13 UIBTPA-KOJIOHHBI TPy0OOH M TOHKOH OYMCTKH OT abpa3uBHBIX YacTUIl. Pa3paboTaH TEXHOIOTHYECKHHA MPOIECC H3TOTOBICHUS chepude-
CKHMX MAarHHTOB Pa3HBIX JHAMETPOB JUIsi 00eCIeyeH sl KauecTBa mporecca. Pe3ynbTaThl IPOBEICHHBIX HCCICI0BAHUH TTO3BOJIAT YBEIHYUTh
CPOK SKCIUTyaTal[ii OTKa4MBAIOIIEro 000PYIOBaHHS BCICACTBUE YCTPAHEHHUs aOpa3sMBHOTO M3HOCA, YTO NPHBEIET K 3HAYUTENBHON HKOHO-
MHH CPEICTB Ha 3aMEHY M PEMOHT LIEHTPOOEKHBIX HACOCOB.

Knrwuesvle cnosa: nacocnoe obopyoosanue, epyHmossle 800bl, UHOC, peppum bapus, cgepuieckutl MasHum, QuibLmp, KHcerezopyoHas
NPOMbIUTEHHOCHb
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