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Abstract

Purpose. The research purpose is to substantiate the high-frequency demagnetization technology parameters for magnetite
suspensions, taking into account the established patterns of changes in the electrical resistivity of circulating water and changes
in magnetic field induction depending on the concentration of dissolved salts.

Methods. The circulating water from the processing plant is a part of the magnetite suspension. The change in the electrical
conductivity indices of this water was studied under laboratory conditions using the conductometric method with alternating
current of various frequencies. The degree of demagnetization of the magnetite particles was determined based on the study of
the sedimentation kinetics of both magnetized and demagnetized magnetite suspensions. A special device was used to demag-
netize the magnetite particles. It is a solenoid which, together with a capacitor, forms an oscillatory circuit in which damped
high-frequency electromagnetic oscillations are periodically generated by current pulses supplied.

Findings. The aspects of the high-frequency electromagnetic field propagation within the magnetite suspension have been
revealed, taking into account the field energy dissipation factor and the influence of the suspension technological parameters
(electrical resistivity of the circulating water, solid phase concentration) on the characteristics of the electromagnetic field. A
relationship between the concentration of magnetite in the suspension and the electromagnetic field dissipation factor has been
determined. As a result of determining the sedimentation kinetics, it has been found that the settling rate of the demagnetized
magnetite suspension is lower compared to the magnetized one.

Originality. The dependencies of the change in the electrical resistivity of the circulating water from the processing plant
on the salt content, as well as the changes in the magnetic field induction along the solenoid axis on the distance from its edge
and the surrounding medium, have been obtained. It has been found that to ensure complete demagnetization of magnetite, it
should be demagnetized at least twice within the solenoid operating space. This provides a maximum suspension flow velocity
of 5.6 m/s, while the sedimentation rate of the demagnetized suspension decreases by a factor of 3.1 compared to the magne-
tized one. This indicates the effectiveness of demagnetization and the destruction of interparticle magnetic interactions.

Practical implications. The research can serve as a basis for determining rational parameters in the design of high-
frequency demagnetizing devices. Their application makes it possible to improve the beneficiation indicators of magnetite
ores, bringing them closer to theoretically possible levels, enhancing the efficiency of subsequent classification processes, and
reducing the load on grinding equipment.
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1. Introduction density-based separation process and reducing the separation

To date, the demagnetization of magnetite suspensions is ~ fficiency. For this reason, demagnetization and de-
a crucial stage in their preparation for further use in mineral ~ electrization are considered mandatory preparatory proce-
processing operations. This is because the production of pure dures. that ensure the. stability of 'fhe suspension phys1§0—
and ultra-pure materials, exceptionally high-quality mineral ~ chemical properties, its homogepelty and high separation
concentrates, requires maximum homogeneity of the initial ~ accuracy at subsequent technological stages. Recent interdis-
raw materials [1], [2]. Enhancing the selectivity and stability ~ Ciplinary research has highlighted that achieving high-
of technogenic and natural raw materials processing has been ~ Performance processing parameters in mineral-based indus-

repeatedly emphasized in studies focused on applying mech- tries also depends on integrating adaptive management mod-
anochemical, sorption, and thermochemical approaches [3]- els, sustainable development frameworks and innovations at
[7]. The presence of residual magnetization in the suspension the interface of technologies and cre?ative industries [8]-[1 0].

leads to the interaction of particles with each other through To ensure the adequate separation of raw material com-

secondary magnetic fields, significantly complicating the ~ Ponents, it is necessary to create conditions in which each
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material particle is isolated from the influence of neighbouring
particles. This will allow for the most accurate implementation
of the selectivity principle in the separation process [11], [12].
Similarly, in the beneficiation processes of other types of raw
materials, such as copper-containing technogenic mate-
rials [13] or ilmenite concentrates [14], achieving high separa-
tion accuracy requires eliminating interparticle interactions.

One of the key factors complicating this process is the
presence of residual electric and magnetic charges, which are
generated due to friction, collisions, or the influence of fields
during the previous stages of material preparation [15].
These charges generate secondary fields that cause interac-
tions between particles, promoting aggregation, distortion of
movement trajectories, and a decrease in the efficiency of
subsequent separation. For this reason, de-electrization and
demagnetization are mandatory preparatory procedures before
the major separation stage. The primary objective of these
processes is to eliminate residual electric and magnetic effects
that may cause uncontrolled disturbances in particle distribu-
tion [16], [17]. These processes are carried out using alternating
electromagnetic fields of sufficiently high frequency, which
ensure effective destabilization of residual fields without
damaging the particle structure. Such procedures significant-
ly enhance the accuracy and efficiency of subsequent separa-
tion processes, provide better quality of the obtained concen-
trates, and ultimately produce purer and more homogeneous
materials for further use in relevant technological areas.

Demagnetization processes are carried out using high-
frequency alternating electromagnetic fields, destabilizing resid-
ual magnetic moments without disrupting the structure of the
particles. This approach makes it possible to improve concen-
trate quality, reduce the circulating load on mills, and increase
the overall energy efficiency of the technology [18], [19].

It should be noted that the magnetization process is not
instantaneous [20], [21]. Under the influence of a sufficiently
strong constant magnetic field, a ferromagnetic sample be-
comes magnetized rapidly, though not instantaneously,
reaching approximately 70% of its saturation state. The peri-
od required for full saturation can reach up to two days, de-
pending on the natural magnetic properties of the sample,
provided that the constant magnetic field acts continuously.
If the sample is exposed to a low-frequency (= 1 Hz) alter-
nating magnetic field, it will never reach magnetic saturation.
As the alternating magnetic field frequency increases, the
magnetization will accordingly decrease. At high magnetic
field frequencies, magnetization will be absent, since the
magnetic domains will not have time to orient themselves
along the lines of the external magnetic field. Magnetization
experiments have shown that this trend is generally ob-
served; however, specific nuances arise due to the influence
of eddy current fields [22], [23]. Such phenomena are signif-
icant when designing and modelling new magnetic systems
or studying thermal and magnetic properties of alloys [24]-
[27]. For example, increasing the magnetic field frequency in
ferromagnets leads to a noticeable widening of the dynamic
hysteresis loop. This phenomenon is caused not only by the
inertia of domain walls, but also by the emergence and in-
tense development of eddy currents inside the material. Eddy
currents, which arise due to the alternating magnetic flux,
generate their magnetic field opposed to the applied external
field, causing a shielding effect. As a result, the magnetic
response of the ferromagnet is further distorted, and the
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shape and area of the hysteresis loop change, indicating an
increase in reversal magnetization losses. Such changes are
particularly significant under high-frequency influences.
They are critical for understanding the behaviour of materials
in alternating fields, for example, in transformer cores, mi-
crowave magnetic systems, or electromagnetic separators.

At the same time, when considering electrically conduc-
tive bodies in alternating magnetic fields, it is essential to
account for the effect of eddy currents induced by electro-
magnetic induction. According to Lenz’s law, these currents
generate their own magnetic field, which is directed opposite
the externally applied magnetic field. As a result, partial
shielding occurs: the magnetic field generated by the eddy
currents hinders the penetration of external field into the
interior of the material. The magnetic field induction gener-
ated by eddy currents is zero at the body surface. However,
its intensity increases toward the body centre, which causes a
non-uniform distribution of the resulting induction across the
ferromagnet section. This effect is most pronounced at high
frequencies of the alternating magnetic field [28]. Under this
condition, the magnetic field is concentrated primarily in the
near-surface layers, with minimal penetration into the interior
of the material. This leads to a reduction in the effective
magnetic permeability of the conductive ferromagnetic layer
located along the force lines in the external magnetic field. A
decrease in permeability means that the material loses its
ability to effectively concentrate magnetic flux, which is a
critical factor in the design and use of magnetic components
in high-frequency devices such as transformers, impedance
coils, or magnetic separators. As a result, eddy current losses
also increase, reducing the system overall energy efficiency.

Thus, magnetic separation is the primary method for the
beneficiation of magnetite ores. The recovery of valuable
component becomes possible due to magnetite particles’ high
magnetic susceptibility and the lack of magnetic properties in
non-metallic particles. At the same time, ferromagnetic parti-
cles possess a fairly strong remanent magnetization. Even
after leaving the high-gradient magnetic field zone, magnet-
ite particles “retain” the field, resulting in secondary magne-
tic fields generated by individual particles. As a result, mag-
netic interactions occur between the particles, with individual
particles forming floccules - elongated and spatially oriented
“strands” that can exceed the size of a single magnetite parti-
cle by a factor of 100 or more. The formation of floccules
hinders further processing of magnetite ores [29], [30]. First-
ly, under the influence of the induced secondary magnetic
field, the movement of ferromagnetic particles toward each
other occurs in an avalanche-like manner. This leads to the
inclusion of non-metallic particles within the floccule body
and a decrease in iron-ore concentrate quality. Therefore,
obtaining pure concentrates using magnetic separation alone
is theoretically impossible. Secondly, after the separation of
particles in the magnetic field, the granulometric composition
of the separation products changes. This leads to a decrease
in the efficiency of subsequent size classification and an
increased load on the grinding equipment, as a particular
portion of the prepared size fraction is continuously returned
to the mill, significantly growing the circulating load [31].
As a result of flocculation, the rheological properties of the
ferromagnetic suspension deteriorate. The viscosity of the
separating medium decreases, leading to changes in the pro-
cess parameters during the dense medium separation. The
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theoretically possible beneficiation performance of magnetite
ores is only possible by minimizing particle-to-particle inter-
actions caused by secondary fields. This condition can be
met only due to complete demagnetization [32].

According to theoretical views on the magnetism of
rocks, demagnetization should occur in an alternating mag-
netic field with a decreasing intensity amplitude [33]. The
first laboratory prototypes of high-frequency demagnetizing
devices operated at frequencies of up to 500 Hz [34]. How-
ever, the lack of reliable electronic components became a
significant obstacle to producing industrial models. Demag-
netizing devices with an alternating magnetic field at 50 Hz
are used in beneficiation processes [35].

The operating principle of demagnetizing devices is as
follows. Mineral particles of fine sizes are transported as a
suspension during the processing. The transport channel of
the device is designed as a pipe made of non-magnetic mate-
rial, sized for a specific pulp flow rate. An electrical winding
is placed around the pipe. It is divided into sections accor-
ding to the magnetic field amplitude: the number of turns in
each subsequent section gradually decreases, reducing its
diameter. The pipe can be made of metal with high specific
electrical resistivity to reduce eddy currents or of plastic. Due
to this design, the magnetic field intensity gradually decree-
ses from a value that ensures particle saturation to zero. This
enables the demagnetization of mineral particles in the pulp.
It should be noted that the effect of a low-frequency alterna-
ting magnetic field on a ferromagnetic pulp does not result in
complete demagnetization of ferromagnetic particles, since
they manage to orient themselves with the axis of easy mag-
netization along the vector of the external magnetic field.
Some improvement in the rheological properties of the fer-
romagnetic suspension that has passed through the demag-
netizing device can be explained by the mechanical destruc-
tion of floccules to sizes determined by the residual magneti-
zation of the ferromagnetic particles [36].

The main condition for demagnetizing a ferromagnetic
body is stabilizing its position in space relative to the vector
of the external alternating magnetic field [37]. It is not feasi-
ble to fix the position of all individual particles in the sus-
pension by mechanical means. No matter how small the
material body is, it possesses mechanical inertia. Even mag-
netic domains have magnetic inertia, and at sufficiently high
frequencies, they do not have time to respond to changes in
the magnetic field. Mechanical inertia is proportional to the
particle mass, so the polarity of the magnetic field must be
reversed quickly enough that the particle does not have time
to change its position. Accordingly, the smaller the particle
size is, the higher the frequency of reversal magnetization
should be. At the same time, the intensity of the demagneti-
zing field should exceed the magnetic saturation of the fer-
romagnetic material. Therefore, to achieve complete demag-
netization of fine-dispersed magnetite suspensions, the de-
magnetizing device should have a high intensity and operate
at a high alternating frequency of the magnetic field. Achie-
ving such parameters is a complex scientific and practical
task that requires justification of the device design, calcula-
tion of optimal operating modes, as well as consideration of
the electromagnetic properties of the medium and energy
consumption to ensure stable and efficient operation under
industrial conditions. It should be noted that both theoretical
and experimental research results confirm that the use of
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high-frequency demagnetizing devices significantly im-
proves the efficiency of magnetite ore beneficiation, brings
technological indicators closer to theoretically possible
values, enhances the quality of subsequent material classifi-
cation, and reduces the load on grinding equipment [38]-[40].

Therefore, the research purpose is to substantiate the
parameters of the high-frequency demagnetization techno-
logy for magnetite suspensions, taking into account the
revealed patterns of changes in the electrical resistivity of
circulating water and changes in magnetic field induction
depending on the concentration of dissolved salts. To
achieve the stated purpose, the authors of the work tackled
the following interrelated tasks:

—to determine the relationship between the change in
electrical resistivity of circulating water and the salt content;

— to establish the dependence of magnetic field induction
along the solenoid axis on the distance from its edge and the
surrounding medium;

—to study the sedimentation kinetics of magnetite
suspension after its treatment with a high-frequency alternat-
ing electromagnetic field.

2. Research methods

The objects of this research are the circulating water used
in the plant water supply system and the magnetite concen-
trate, which is the final product of magnetic separation at the
mining and processing plant PJSC Northern Iron Ore Enrich-
ment Works (PJSC NORTHERN GOK). PJSC NORTHERN
GOK is one of the largest mining and processing companies
in Europe that prepares raw materials for the metallurgical
industry. This plant is part of the METINVEST HOLDING,
LLC. METINVEST HOLDING product line of iron ore pel-
lets for blast furnace production includes unfluxed pellets
produced by PJSC NORTHERN GOK with a basicity of 0.12
and an iron content of 62.5%, as well as fluxed pellets with a
basicity of 0.5 and an iron content of 60-61.9%. The iron ore
agglomerate from PJSC NORTHERN GOK is represented by
unfluxed agglomerate with an iron content of 62% and fluxed
agglomerate with an iron content of 50-57% [41].

Laboratory studies were conducted in two consecutive
stages. At the first stage, the electrical conductivity of the
recirculating water from the beneficiation plant was deter-
mined. The second stage involved assessing the degree of
demagnetization of magnetite particles by studying the sedi-
mentation kinetics of both magnetized and demagnetized
magnetite suspensions. The conductometric method was used
to determine the dependencies of change in the electrical con-
ductivity of the circulating water from the PJISC NORTHERN
GOK beneficiation plant. This method allows measurements
under alternating current conditions and varying mineraliza-
tion by reducing polarization effects on the electrodes. Accor-
ding to the schematic diagram of the laboratory setup (Fig. 1),
the conductometric cell consists of two electrodes made of
stainless steel positioned in a glass container with a salt solu-
tion. This cell was connected to an alternating current source
through a measuring resistor, which ensured control and stabi-
lity of the current load during the experiments. The measure-
ments were conducted with alternating current frequencies
ranging from 25 to 75 kHz between stainless steel electrodes
with an area of 2 cm? and a distance of 2 cm between them.
The specific density of the alternating current did not exceed
13 A/dm?, preventing electrolysis of the water.
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Figure 1. The schematic diagram of the laboratory setup for stu-
dying the electrical conductivity of the circulating water
firom the beneficiation plant: 1 — calibrated glass cylin-
der; 2 — circulating water; 3 — A-meter; 4 — electrodes; 5 —
terminals for connecting the alternating current source

The demagnetization ratio of magnetite particles was de-
termined based on the study of the sedimentation kinetics of
magnetized and demagnetized magnetite suspensions. Sedi-
mentation was carried out in a calibrated glass cylinder with
a volume of 1000 cm® and a height of 40 cm. The height of
the settled sediment layer was measured at regular time in-
tervals. During the sedimentation analysis, a suspension with
a volumetric concentration of 10% magnetite was poured
into the mentioned cylinder. Magnetite concentrate from
PJSC NORTHERN GOK after the fourth grinding stage,
with a total iron content of Fe'' of 66.1% was used for the
experiments. The content of particles smaller than 40 pm in
this product accounted for 92%. During the experiments, the
cylinder was closed, and the suspension was thoroughly
mixed to ensure a uniform distribution of particles through-
out the volume. After placing the sample on a horizontal
surface, a video recording of the sedimentation process was
conducted. Frame-by-frame analysis was then used to deter-
mine the temporal dynamics of sediment height changes.

To demagnetize magnetite particles, a special device, a
solenoid, was used, which, together with a capacitor, forms
an oscillatory circuit (Fig. 2). In this circuit, damped high-
frequency electromagnetic oscillations are periodically
generated by supplying current pulses. As a result, an alter-
nating magnetic field is created in the solenoid, the amplitude
of the magnetic induction of which initially exceeds the
remanent magnetization of the ferromagnetic particles and,
over time, decreases to zero. A magnetite particle residence
time in the solenoid operating space is determined propor-
tionally to its length and inversely to the suspension flow
rate. The period of excitation pulses was selected in such a
way as to ensure that the time for the magnetite particle
passing through the solenoid operating space corresponded
to the timing of the pulses. This ensured that each particle
was exposed to the demagnetizing electromagnetic impulse
at least twice during its residence within the solenoid
operating space. Such a mode effectively reduces the rema-
nent magnetization of the particles due to repeated action of
the alternating magnetic field, the amplitude of which at
the beginning exceeds the remanent induction of the ferro-
magnetic material [42].
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Figure 2. The schematic diagram of the laboratory high-frequen-
cy demagnetizing device

Providing that the demagnetization device is intended for
use at beneficiation plants where suspensions are transported
through pipelines with an internal diameter of 200 mm, the
solenoid design should consider these technical features. In
particular, the solenoid outer diameter exceeds the pipe in-
ternal diameter by twice the thickness of its wall, ensuring
hermetic sealing and compatibility with the existing pulp
delivery system. The pipe on which the solenoid is wound is
non-conductive and non-magnetic. According to the tech-
nical design, the length of the solenoid is less than twice the
pipeline diameter. Such a solenoid is considered short, and
its magnetic field is non-uniform in both axial and radial
directions. Under these conditions, the weakest magnetic
field induction occurs radially along the solenoid axis and
axially at its edges. Therefore, the operating space is defined
based on the magnetic induction along the solenoid axis,
which should be equal to or greater than the remanent mag-
netization of magnetite. The flow of the magnetite suspen-
sion in the circulating water of the beneficiation plant passes
through the solenoid. Thus, the alternating electromagnetic
field is generated by the current in the solenoid windings and
propagates from them toward the centre through the ferro-
magnetic, electrically conductive medium, where energy
dissipation occurs. As a result, the field dampens, and the
amplitude of its magnetic component decreases.

The circulating water used at beneficiation plants is typi-
cally characterized by an elevated content of hardness salts
(ranging from 0.5 to 25 kg/m?), which significantly increases
its electrical conductivity. Magnetite is transported in a sus-
pension, as its classification and beneficiation occur in an
aqueous medium. Since the circulating water is a component
of the magnetite suspension, it is evident that its properties
will influence on the electromagnetic field dissipation.
The average density of the magnetite suspension is
1450-1500 kg/m?. Accordingly, the average volumetric con-
centration of solid particles amounts to 10%. Therefore, the
magnetic permeability of the fine-dispersed magnetite sus-
pension can be expressed as 0,1 x4, assuming the magnetite
particles are uniformly distributed throughout the volume.
Under these conditions, the medium can be considered ho-
mogeneous, and its relative magnetic permeability will be
proportional to the volumetric concentration.
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3. Results and discussion

Within the first stage of the research, it has been deter-
mined that the electrical resistivity of the circulating water
varies depending on its mineralization level, which is de-
scribed by the dependencies shown in Figure 3.
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Figure 3. Dependence of the change in electrical resistivity of
circulating water on salt content

As can be seen from the graph shown in Figure 3, the ac-
tive component of the electrical resistivity of the circulating
water practically does not depend on the alternating current
frequency within the studied range. This indicates that the
dominant contribution to the total resistance is made by ionic
conductivity, which is only weakly sensitive to frequency
changes within the specified limits. Thus, frequency charac-
teristics do not significantly impact the measurement results
in this case. In this regard, for each salt content value in the
water, it is advisable to average the measured values of the
electrical resistivity and use them to plot an approximating
dependence. The obtained averaged values are well described
by a function of the form:

ab
p (b+0)’ ©)
where:

p — electrical resistivity, Ohm-m;

C — salt content;

a, b — empirical coefficients (43,61; 0,08).

Substituting this function into the formula for determi-
ning the dissipation coefficient of the electromagnetic field in
the suspension, based on the phenomenon known as the
“skin effect” [43], the latter takes the form:

- /”ﬂrﬂof(b+c)
ﬁ_ Clb > (2)

where:

1 — the relative magnetic permeability of the material;

o — magnetic constant (4 7+ 1077 N/A2);

f— electromagnetic field frequency, kHz.

Taking into account the electromagnetic field energy dis-
sipation in the fine-dispersed magnetite suspension, the am-
plitude value of the magnetic field induction, in our case,
takes the following form:

_p. |t (B+C)
B=By-e ab , 3)
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where:

By — amplitude of induction without energy dissipation;

R —radius of the demagnetizing solenoid, m.

Thus, Equation (3) for determining the magnetic field in-
duction at an arbitrary point along the solenoid axis, taking
into account its dissipation in the fine-dispersed magnetite
suspension, will have the following form:

_R ”ﬂr/‘()f(h‘*'c)
b
1+(u=1)-C, ) pty-N-1- a
Bx:( (,u ) v):uO . € <, (4)

x(cosag —cosary ),

where:
N — number of solenoid turns, pcs.;
I — current intensity, A;
L —length of the solenoid, m;
x — position of the investigated point on the solenoid axis, m;

x L—x
VR? +x? R?+(L-x)
between the axis and the lines drawn from the point x to the
edges of the solenoid, deg.

Based on the initial data for operating conditions of the
PJSC NORTHERN GOK beneficiation plant (R=0.1 m,
L=0.2m; u=15, C,—volumetric concentration of magne-
tite in the suspension (5; 10%); N=10pcs.; /=2000 A;
p=0.2; 6.00hm'm; f=50kHz), dependencies were ob-
tained characterizing the change in the magnetic field induc-
tion along the solenoid axis depending on the distance from
its edge and the surrounding medium (Fig. 4).

The analysis of the presented research results (Fig. 4) in-
dicates that the lowest amplitude value of magnetic induction
of 0.8 T corresponds to the solenoid placed in the air (Fig. 4,
curve 3). In the presence of ferromagnetic magnetite particles
within the solenoid as part of the suspension at a volumetric
concentration of 10%, the magnetic permeability of the me-
dium increases, resulting in a rise in magnetic induction to
0.13 T (Fig. 4, curve ). The electrical conductivity of the
salt solution in the suspension causes the dissipation of the
alternating electromagnetic field energy, which leads to a
decrease in induction to 0.12 T (Fig. 4, curve 2). The rema-
nent magnetization of magnetite from the PJSC
NORTHERN GOK is approximately 0.1 T. In this case, as
shown in Figure 4, the operating demagnetization space in
the solenoid will be located at a distance of 0.044 m from its
edges, meaning it will be shorter by 0.088 m and measure
0.011 m. From a design standpoint, applying excitation cur-
rent pulses to the solenoid at 100 Hz is advisable, with a
pulse period of 0.01 s. At the same time, the maximum sus-
pension flow velocity is 11.2 m/s. To ensure complete de-
magnetization of the magnetite, it should be demagnetized at
least twice within the solenoid operating space. This provides
a maximum suspension flow velocity of 5.6 m/s.

It should be noted that, to verify the obtained results re-
garding the change in magnetic field induction, additional
studies were conducted aimed at examining the kinetics of
sedimentation of the magnetite suspension after its treatment
with a high-frequency alternating electromagnetic field. In
the case of floccules destruction and the release of individual
magnetite particles, the suspension sedimentation rate de-
creases significantly.

cosay = cosa, = — angles
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Figure 4. Dependence of magnetic field induction along the solenoid axis on the distance from its edge and the surrounding medium:
1 — with the suspension, without taking dissipation into account; 2 — with the suspension, taking dissipation into account; 3 — in
the air;: (a) p = 6.0 Ohmm; Cy =5%; (b) p = 0.2 Ohmm; C, =5%; (c) p = 6.0 Ohmm; C, = 10%; (d) p = 0.2 Ohmm; C,=10%

This is due to the absence of magnetic interaction between
the particles, which typically promotes their aggregation into
larger floccules. Without flocculation, the dispersed system
loses its ability to form aggregates, and each particle settles
individually under the action of gravity. It is accompanied by
a reduction in the effective mass of the sediment and a slow-
down in the sedimentation process. The sedimentation rate of
an individual magnetite particle measuring 20-40 um will be
significantly lower than that of a floccule measuring 200 um.
The results of the conducted studies are shown in Figure 5.
The sedimentation rate is defined as the ratio of the clarified
layer height to the time required for its formation.

The analysis of the data presented in Figure 5 shows that
the sedimentation rate of the demagnetized suspension is
3.1 times lower compared to the magnetized one. Such a sig-
nificant decrease in sedimentation rate indicates effective
demagnetization of the magnetite particles, leading to the
destruction of interparticle magnetic interactions and floccules.
As a result, the particles settle individually without forming
aggregates, which explains the reduced sedimentation rate.
Therefore, the experimental results confirm the achievement of
almost complete demagnetization of the suspension under the
influence of the alternating electromagnetic field.

The results of the conducted research indicate that the
identified peculiarities of the mechanism for electromagnetic
field energy dissipation are of key importance for optimizing
the design of the demagnetization device.
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Figure 5. Dependence of the sediment height (h) of magnetized
and demagnetized magnetite suspensions on time (t)

In particular, the identified patterns of energy distribution
and absorption in the operating medium allow for a more
precise determination of the optimal design parameters of the
device, taking into account both demagnetization efficiency
and the specified technological operating conditions. This, in
turn, contributes to increased process productivity, reduced
energy consumption, and stable operation of the device under
the industrial conditions of beneficiation plants.
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Moreover, obtaining pure and ultra-pure magnetite con-
centrate is an important scientific and practical task, since
using such raw materials enables the direct reduction of Fe to
obtain powdered iron and produce ultra-pure alloys.

4. Conclusions

Demagnetization of magnetite suspensions is a crucial
process in preparing raw materials for mineral processing, as
the remanent magnetization of particles significantly reduces
the efficiency of subsequent separation by causing aggrega-
tion and flocculation. An analysis of the interaction mecha-
nisms between magnetic fields and ferromagnetic particles
has shown that using a high-frequency alternating electro-
magnetic field with gradually decreasing amplitude is the
most effective method for achieving almost complete de-
magnetization of finely dispersed magnetite pulp.

The influence of a high-frequency electromagnetic field
ensures the destruction of floccules, restoration of suspension
homogeneity, and reduction of interparticle interaction inten-
sity, which is confirmed by the decreased sedimentation rate
of demagnetized particles. Using such demagnetizing devices
enables improved classification accuracy, reduced energy
losses in separation systems, decreased load on grinding
equipment, and brings beneficiation performance indicators
closer to theoretically possible levels. Therefore, imple-
menting high-frequency demagnetization technology repre-
sents a promising approach for enhancing the efficiency of
magnetite ore processing.

As a result of the conducted research, a correlation has
been revealed between the electrical resistivity of circulating
water and its level of mineralization. Specifically, it has been
found that electrical resistivity varies within the range of 0.16
to 6.67 Q-m as mineralization changes from 0.45 kg/m® to
21.8 kg/m®. The highest electrical resistivity values are ob-
served at the lowest concentrations of dissolved salts, which
is explained by the reduced number of ions capable of con-
ducting an electric current. Accordingly, as mineralization
increases, the ion concentration in the solution rises, leading
to a decrease in the resistivity of circulating water due to
increased electrical conductivity. Moreover, changing the
alternating current frequency from 25 to 75 kHz does not
affect the resistivity value.

It has also been found that the presence of magnetite par-
ticles within the solenoid operating space contributes to an
increase in magnetic field induction due to significant en-
hancement of these particles to the medium magnetic perme-
ability. Their effect prevails over the effect of the alternating
electromagnetic field dissipation, resulting in a strengthened
magnetic influence within the solenoid operating space. It has
been determined that the presence in the solenoid of magnetite
particles in the suspension in the amount of 10% increases the
magnetic permeability of the medium to 0.13 T. At the same
time, the sedimentation rate of the demagnetized suspension
is 3.1 times lower compared to the magnetized one.
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TBEP/IOTO MAarHETUTy B CyCHEH3il Ta KOe]illieHT 3aTyXaHHS €JIeKTPOMAarHiTHOTO HoJis. Y pe3yJsbTaTi BU3HAUCHHS KIHETUKHU CeIVMEHTamii
BHSIBJICHO, IO MIBHAKICTH OCA/UKEHHS pO3MarHidyeHol MarHeTUTOBOI CyCIeH3il € HI)KYOI0 MOPIiBHIHO 3 HAMArHIYEHOIO.

HayxoBa HoBM3Ha. OTpHMaHO 3aJI€KHOCTI 3MiHM IUTOMOTO €JIEKTPUYHOTO ONOpY 00OPOTHOI BOAM 30aradyBaibHOI (haOpHKH Bix BMic-
Ty coJsieil y Hilf Ta 3MiHM IHAYKIII MarHiTHOTO MOJIA HA OCi COJICHOINA BiA BiACTaHi 7O HOTO Kparo Ta OTOYYIOUYOro cepenoBuila. Beranosie-
HO, 110 JUIs 3a0e3MeyYeHHsl MOBHOTO PO3MAarHiuyBaHHA MarHETHTYy, HOro HEoOXiZHO po3MarHidyBaTd LIOHaiMeHIIe ABidi B poOodyiil 30HI
coJieHoia, mo 3a0e3neyye MakCHMalbHy MIBHAKICTH MOTOKY CycIieH3ii 5.6 M/c, Ipu IIbOMY LIBHIKICTH CEAWMEHTAlii po3MarHiuyeHoi cy-
crienHsii 3MeHIIyeTses B 3.1 pa3u MOpIiBHSHO 3 HAMAarHiYeHO!o, IO CBITYHUTH PO eeKTHBHICTh pO3MarHidyBaHHs Ta pyHHYBaHHS MDKJaCTH-
HKOBHMX Mar"iTHHUX B3a€MOIIM.

IpakTruna 3HaYAMIcTh. J[0CITIDKEHHS MOXKYTh CIIyTyBaTH 0a3010 Uil BCTAHOBJICHHS PaI[iOHAJBHUX ITapaMeTpiB IPH MPOEKTYBaHHI
BHCOKOYAaCTOTHUX PO3MarHidyBalbHUX alapariB, 3aCTOCYBAaHHS SKHX JO3BOJII€ IiJBUIIUTH MOKA3HUKH 30aradeHHs MarHETHTOBHX PYX
Ta HAOJIM3HUTH IX 0 TEOPETHYHO MOXKIIHMBHX, MiJBHIIUTH e(EKTHBHICTh MOAANbIIO] KiIacu(ikamii Ta 3HU3UTH HABaHTAXKCHHS Ha MOAPiO-
HIOBaJIbHE 00JIa[HAHHSI.
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