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Development a new flotation refining technology
for magnetite concentrates at the Northern Mining
and Processing Plant Private Joint-Stock Company

® Abstract. The purpose of this study was to develop a new flotation refining technology for magnetite
concentrates at the Northern Mining and Processing Plant Private Joint-Stock Company to produce a final
commercial product with a total iron content of at least 69.0% and silica content not exceeding 4%.Mineralogical
analysis was used to study mineral liberation, chemical analysis to determine the qualitative composition of
the raw material, and sieve analysis to determine the granulometric composition of the material. The study also
employed methods of processing, analysing, and synthesising research results to establish optimal conditions
for separating mineral grains by size. The results showed that achieving the maximum total iron content in the
concentrate and minimising the silica content, while ensuring maximum iron recovery, depends on grinding
conditions, which are determined by the degree of mineral grain liberation. It was found that the flotation
rate constant for quartz depends on the mass fraction of quartz in the feed and ranges from 0.05 to 0.10 min™.
Mineralogical studies of the raw concentrate revealed that, in addition to monomineral magnetite particles, it
includes aggregates of magnetite-quartz (up to 2.52%), magnetite-quartz-silicate, magnetite-quartz, silicate-
carbonate (up to 7.5%).Carbonates are mainly represented by sideroplesite and calcite; silicates by cummingtonite,
biotite, and chlorite. Gangue particles consist of monomineral quartz or silicate-quartz, carbonate-silicate-
quartz aggregates. According to quantitative mineralogical calculations, monomineral magnetite particles are
concentrated in the fine-grained fraction, with 92.3% in the -0.045 + 0.02 mm class and 98.1% in the -0.02 mm
class. Laboratory tests of the magnetic-flotation refining of the concentrate demonstrated the feasibility of
obtaining high-quality concentrate from the magnetite concentrates of the Northern Mining and Processing
Plant Private Joint-Stock Company with a total iron content of 69.0% and silica content of 3%, achieving an
88.9% vyield and 92.9% iron recovery in the concentrate from the operation. The practical significance lies in
the development of a technological scheme for refining raw magnetite concentrate under the conditions of the
Northern Mining and Processing Plant Private Joint-Stock Company to produce high-quality concentrate with
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maximum yield, a total iron content above 69.0%, and silica below 4.0%, while ensuring iron recovery in the

concentrate of more than 90%

® Keywords: iron ore concentrate; reverse cationic flotation; magnetic separation; mass fraction; granulometric

composition

® Introduction

As of 2024, Ukraine holds a prominent position in the
global market for the extraction and processing of iron
ore quartzites. Mining and processing enterprises in the
Kryvyi Rih Iron Ore Basin play a significant role in this
sector. The Kryvyi Rih plants supply raw materials to
ferrous metallurgy enterprises both within Ukraine and
abroad. However, the quality of iron ore concentrates
from Kryvyi Rih beneficiation plants, with an iron con-
tent of 65-68% and SiO, content of 6.0-9.0%, is consid-
erably lower than that of similar plants in Canada, Swe-
den, and the USA. Such factors reduce the marketability
of Kryvyi Rih enterprises and diminish the competitive-
ness of Ukrainian products.

The quality of iron ore concentrate is crucial for fur-
ther processing and is primarily determined by two key
factors: the content of the useful component and the
level of harmful impurities. Hence, there is a growing
demand for high-quality concentrates with a high con-
tent of the useful component and low silica content,
suitable for direct iron reduction. However, Ukrainian
plants face challenges due to beneficiation technolo-
gies developed in the 20™ century, which do not ensure
the production of competitive quality concentrate for
the global market. Thus, the development of new en-
richment methods and techniques has become a press-
ing issue. This challenge is being addressed by both
mining and processing enterprises and researchers.

The study by M.M. Bulayani et al. (2024) highlights
that the beneficiation of low-grade ores is a critical
area of research in the mineral processing sector. De-
spite their lower iron quality and high impurity levels,
low-grade iron ores constitute a significant portion of
global iron ore reserves. The beneficiation of low-grade
iron ore is an essential process for utilising ore deposits,
especially as demand for iron and its alloys continues
to grow due to rapid industrialisation and the depletion
of high-quality reserves. The mineralogy of iron ore and
impurity levels dictate the beneficiation pathways for
obtaining high-quality iron ore concentrate. Effective
beneficiation processes not only enhance the econom-
ic viability of low-grade ore deposits but also promote
sustainable resource management and environmental
conservation. The study discusses various methods of
low-grade iron ore beneficiation, including grinding,
gravity separation, flotation, and magnetic separation.

In the work of A.F.D.V. Rodrigues et al. (2023), it was
proven that reverse cationic flotation technology is the
most widely used method for fine iron ore beneficiation.
However, this technology faces numerous inefficiencies

in the technological cycle, including fine grinding, de-
sliming, flotation, and product thickening. The study
explores new advances in crushing and grinding tech-
nologies, as well as magnetic separation and gravity
methods, as alternatives or complete replacements for
reverse flotation technology. Researchers have demon-
strated that innovative approaches to iron ore benefi-
ciation will play a decisive role in the transition of the
global industry to so-called “‘green steel”.

In the work of X. Zhang et al. (2019), it was estab-
lished that flotation is considered the most promising
method for obtaining high-quality iron from low-grade,
finely disseminated iron ores. Flotation can be used
as a standalone method or as a complement to other
separation techniques, such as gravity separation and
magnetic separation. Flotation is highly dependent on
the chemical composition of the mineral surfaces to be
separated. Reverse flotation is the most promising flo-
tation pathway for further development. The choice be-
tween cationic or anionic reverse flotation depends on
the mineralogy and available reagents. Cationic reverse
flotation offers advantages over anionic flotation due
to its higher flotation speed, simpler reagent systems,
operational simplicity and reliability, and suitability for
operation at low temperatures. However, cationic col-
lectors have relatively poor selectivity, foaming proper-
ties, and high toxicity, which can lead to product losses
and environmental pollution. Anionic reverse flotation
is less sensitive to slimes, has a lower collector cost,
and higher selectivity due to calcium activators, which
have an activating effect on quartz and a depressing
effect on iron ore. However, anionic reverse flotation
requires significant quantities of activators, as well as
high temperatures and alkalinity of the process.

In the study by B. Luo et al. (2021), the new ampho-
teric surfactant LDEA was investigated. The research
showed that during froth flotation, the properties of the
collector, especially its solubility in the pulp, adsorption
on the mineral surface, and hydrophobicity, play a cru-
cial role in achieving optimal iron content and recovery
rates. It was determined that pH stabilisation affects
not only the chemical composition of the surface but
also the ionisation state of the collector, which deter-
mines its adsorption mechanism on mineral surfaces
and the efficiency of particle separation.

In the work of J.T.G. Junior et al. (2023), it was
proven that flotation is the most widespread method
for processing iron oxides in the typical size range of
-150+40 pm. The study noted that ultrafine particles
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below 40 um exhibit low collision rates with air bub-
bles, which risks the loss of fine and ultrafine magnetite
and haematite particles alongside quartz. Researchers
demonstrated that the use of cationic surfactants, such
as diamine LILAFLOT-811M and monoamine ether LI-
LAFLOT-919, showed high efficiency in processing ul-
trafine particles. Both biodegradable collectors effec-
tively separate magnetite and quartz. At pH-9, both
collectors facilitated quartz recovery of 95.9% (with
diamine LILAFLOT-811M) and 97.7% (with monoamine
ether LILAFLOT-919) and exhibited relatively similar
flotation kinetics.

In the study by T. Oliinyk et al. (2023), researchers
examined the challenges of developing efficient iron
ore beneficiation technologies and applying various
enrichment methods, including gravity, magnetic, and
flotation techniques. The ore under investigation con-
tained particles below 74 ym. The flotation enrich-
ment reagent regime consisted of Lilaflot-811M, Lila-
flot-D817M, and Lilaflot-D819M as collectors, dextrin
as a depressor for iron ore minerals, and caustic soda
as a medium regulator. It was proven that the most effi-
cient beneficiation schemes included two stages of ore
grinding, wet magnetic separation, and reverse flota-
tion in two steps with regrinding of the froth product.
Another effective scheme involved pre-enrichment of
the ore using dry magnetic separators, two-stage grind-
ing to a fraction below 74 pm, wet magnetic enrich-
ment, and reverse cationic flotation in two steps with
regrinding of the froth product.

The technological potential for enriching magnetite
quartzites of the Northern Mining and Processing Plant
Private Joint-Stock Company (PJSC “Northern MPP”) has
been studied between 2021 and 2024 but remains in-
conclusive. This allows for a more detailed investiga-
tion of the magnetic, flotation, and magnetic-flotation
refining technologies to produce a competitive product.
Therefore, the aim of this work was to determine the
optimal technological scheme for flotation refining of
magnetite concentrates at PJSC “Northern MPP” to ob-
tain a final commercial product with a total Fe content
of at least 69.0% and SiO, content not exceeding 4%.

® Materials and Methods

To determine the feasibility and necessity of refining
magnetite quartzites under laboratory conditions, ex-
periments were conducted on the beneficiation of raw
concentrate from PJSC “Northern MPP”. The chemical
composition of the concentrate revealed the follow-
ing: total iron content - 66.0%, magnetite iron con-
tent - 62.3%, iron oxide - 27.6%, harmful impurities:
silica (Si0,) - 6.79%, titanium dioxide (TiO,) - 0,041%,
aluminium dioxide (AL0,) - 0.18%, manganese oxide
(MnO) - 0,038%, calcium oxide (CaO) - 0.47%, magne-
sium oxide (MgO) - 0.53%, phosphorus oxide (P,0,) -
0,018%, sulphur (S) - 0.07%, carbon dioxide (CO,) -
0.33%, potassium oxide (K,0) - 0,053%, sodium oxide
(Na,0) - 0.15%, loss on ignition (LOI) - 0,062%. The
granulometric composition of the raw concentrate is
presented in Table 1.

Table 1. Granulometric characteristics of ordinary concentrate

Size class, mm
20071 20056 -0.045
+0.071 +0.056 +0.045 +0.02 -0.02 Total
07 11 24 365 593 100

Source: authors’ development

The tests were conducted at the laboratory of PJSC
“Northern MPP”and the Department of Mineral Process-
ing at Kryvyi Rih National University. The pre-grinding of
the concentrate was performed using a laboratory mill
of the “Rollgang” type, designed to simulate the grind-
ing processes of industrial mills. Magnetic beneficiation
was carried out using a laboratory magnetic analyser
AM-2A (NTC MAGNIS LTD, Luhansk, Ukraine) with a
magnetic field induction of 1,000 G. Flotation tests on
the concentrate were conducted using a laboratory flo-
tation machine “237 FL” (SCMA Lab, Kryvyi Rih, Ukraine),
equipped with interchangeable cells of 0.5 and 1.0 li-
tres capacity. Laboratory studies were performed based
on three technological schemes for enriching the raw
concentrate: 1. Magnetic refining scheme. This scheme
included preliminary grinding of the entire raw con-
centrate, classification in hydrocyclones, and magnet-
ic beneficiation. The scheme is illustrated in Figure 1.
2.The flotation refining scheme. This scheme involved

a reverse cationic flotation cycle. The froth product of
the main flotation cycle was classified in a closed cir-
cuit with the mill, enriched using a magnetic separator
with low magnetic induction, processed in a control flo-
tation cell, and returned to the main flotation process.
The flotation process was carried out with the addition
of the amine reagent Lilaflot 811M. The scheme is il-
lustrated in Figure 2. 3. The magnetic-flotation refining
scheme. This scheme involved the classification and
grinding of raw concentrate in a closed circuit. The clas-
sifier overflow was directed to magnetic separation and
subsequently to the main flotation cells, followed by
the enrichment of the cell product using magnetic sep-
arators. The froth product was classified and ground in
a closed circuit. The hydrocyclone overflow, after mag-
netic beneficiation and control flotation, was returned
to the main flotation cycle. The main flotation process
was conducted with the addition of the amine reagent
Lilaflot 811M. The scheme is illustrated in Figure 3.
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Power supply

Figure 1. Technological scheme No. 1 for magnetic refining of raw concentrate
Notes: 1 - mixer (homogeniser) for feed product; 2 - technological sumps with pumps; 3 - vertical mill; 4 - hydrocyclone battery; 5 - wet
magnetic separation; 6 — magnetic desliming unit
Source: authors’ development

Power supply
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Figure 2. Technological scheme No. 2 for flotation refining of raw concentrate
Notes: 1 - mixer (homogeniser) for feed product; 2 - contact tank with reagent; 3 - main flotation cells; 4 - technological sumps with
pumps; 5 - magnetic desliming unit; 6 — hydrocyclone batteries; 7 - vertical mill; 8 - wet magnetic separation; 9 - control flotation cell
Source: authors’ development

Power supply

Concentrate

Figure 3. Technological scheme No. 3 for magnetic-flotation refining of raw concentrate
Notes: 1 - mixer (homogeniser) for intermediate product; 2 - main flotation cells; 3 - hydrocyclone batteries; 4 - vertical mill; 5 - wet
magnetic separation; 6 — contact tank with reagent; 7 - main flotation cells; 8 — magnetic desliming unit; 9 - control flotation cell
Source: authors’ development
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The research was conducted using the reverse
cationic flotation method, employing the cationic re-
agent amine Lilaflot 811M, produced by AKZO NOBEL.
The process did not include the addition of hydrolysed
starch as an iron depressant due to the presence of
poor, non-liberated aggregates in the flotation feed,
which are susceptible to the depressing action of hy-
drolysed starch, negatively affecting concentrate quali-
ty. Additionally, no pH stabiliser was used.

Flotation and reagent conditions were identical
across all experiments and included:

1.Amine dosage: 200 g/t;

2. Contact time: 1 minute;

3.Solid content in the flotation feed: 30-35%;

4. Flotation duration: 10 minutes.

Standard research methods applied:

1. Sieve analysis was conducted in accordance with
DSTU 3704:2013 (2013).

2. Flotation analysis was conducted in accordance
with DSTU 8811.1:2018 (2018).

3. Chemical analysis was conducted in accordance
with DSTU 8811.0:2019 (2019).

® Results
An analysis of comparable plant operations demon-
strated that achieving high beneficiation efficiency de-
pends on improving concentrate quality, optimising raw
material utilisation, and reducing specific beneficiation
costs. These goals are achieved through various meth-
ods, including flotation refining (Bulayani et al., 2024).
The feasibility of implementing and selecting a tech-
nological refining scheme depends on multiple factors,
including the physico-chemical properties and charac-
teristics of the feed material, plant capacity and produc-
tivity, available space for refining operations, and the
essential testing, especially semi-industrial trials. The
beneficiation technologies currently used in Ukraine,
particularly at PJSC “Northern MPP” are incapable of
producing high-quality concentrates and require im-
provement. Enhancement efforts focus on incorporat-
ing additional refining operations for raw concentrate,
such as extra grinding, fine screening, using magnetic
separators with varying field gradients and intensi-
ties, hydraulic separation, and flotation methods. The
Kirkenes plant in Norway refines its raw concentrate
through additional grinding and reverse cationic flo-
tation, achieving iron content levels up to 70%. Plants
such as Adams (USA), Sherman and Griffith Mines (Can-
ada), the Poltava Mining and Processing Plant, and the
Ingulets Mining and Processing Plant (Ukraine) have ef-
fectively improved the quality of magnetite concentrate
by integrating reverse cationic flotation operations into
their technological schemes. Hydraulic fine screening
operations are also widely used in mining and process-
ing plants in the USA and Canada, first introduced in
1967 at the Erie Mining plant in the USA. This technol-
ogy has also been implemented at the Central Mining

and Processing Plant (Ukraine), leading to increased
quality and productivity (Hubin et al., 2016).

All beneficiation processes, including flotation, are
based on the differences in the properties of the min-
erals being separated. The primary phenomena utilised
in flotation are surface tension and wettability. Under
specific conditions, these properties ensure the effec-
tive progress of flotation. For efficient flotation, se-
lecting the appropriate flotation equipment is critical.
Each type of flotation machine has unique characteris-
tics and structural features, and specific machines are
used for the flotation of various minerals (Bulayani et
al., 2024). Flotation machines are enrichment devices
used to separate minerals during the flotation process
in a water-mineral pulp. The flotation process is influ-
enced by factors such as flotation time, stirring, and
aeration methods. These parameters determine the
type, volume, and number of flotation machine cells as
well as compliance with energy consumption standards
(Smirnov & Biletskyi, 2010).

At PJSC “Northern MPP” raw magnetite concentrate
is produced through magnetic beneficiation. The raw
material composition for magnetite concentrate ex-
hibits unstable quality indicators (Dovhiy et al., 2017).
The composition of the iron ore feed is characterised
by mineralogical varieties such as magnetite, haema-
tite-magnetite, silicate-magnetite, and magnetite-sil-
icate. The structure is fine- and microcrystalline, with
aggregates of heavy ore grains of magnetite and hae-
matite bound with gangue minerals such as quartz,
silicates, and carbonates (Filenko, 2011). The material
also contains martite, biotite, iron mica, amphiboles,
and cummingtonite. Due to variations in the propor-
tions of easily, moderately, and poorly beneficiated ore
minerals, as well as differing levels of harmful gangue
impurities, the concentrate displays variable character-
istics in its mineralogical, chemical, and granulometric
composition (Morkun et al., 2017).

Mineralogical studies revealed that the concentrate
predominantly consists of the ore mineral magnetite
(82.6%). The samples also contain iron hydroxides, sil-
icates, and carbonates (totalling 4.14%). The gangue
component is quartz, with a content of 6.63-7.5%. Harm-
ful impurities include sulphides and apatite, with con-
tents around 0.16%. Mineralogical studies of the raw
concentrate also identified aggregates such as magnet-
ite-quartz (up to 2.52%), magnetite-quartz-silicate, mag-
netite-quartz, and silicate-carbonate (up to 7.5%). The
carbonates are primarily represented by sideroplesite
and calcite, while silicates include cummingtonite, bio-
tite,and chlorite. Non-ore particles include monomineral
quartzorsilicate-quartz,carbonate-silicate-quartzaggre-
gates. Quantitative mineralogical calculations revealed
that monomineral magnetite particles accumulate in fine
fractions class -0.045+0.02 mm: 92.3%; class -0.02 mm:
98.1%. In coarser fractions, the proportion of monomin-
eral particles decreases, while the proportion of poor
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aggregates and gangue particles increases. For instance,
class+0.071 mm:62.7%pooraggregates,and 6.9%gangue
particles; class-0.071+0.056 mm:41.7% poor aggregates,
and 6.2% gangue particles; class -0.056+0.045 mm:
16.8% poor aggregates, and 2.6% gangue particles.

RN

®9

Mass fraction of silica, %
ORNWRNAUIONN WO

64 65 66 67

Laboratory studies demonstrated a direct correla-
tion between silica content and iron content: as the
proportion of ore minerals increases, the proportion of
gangue minerals decreases, and vice versa. The results
are presented in Figure 4.

S
',
[
.".-..,

68 69 70 71

Mass fraction of total iron, %

Figure 4. Relationship between the mass fraction of total iron and silica

Source: authors’ development

The analysis of the studies demonstrated that us-
ing magnetic, magnetic-flotation, and flotation refining
methods for raw concentrate with the reagent collec-
tor Lilaflot 811M makes it possible to obtain a final

concentrate with a total iron mass fraction ranging from
68.0 to 69.0%, recovery rates between 92.9 and 95.7%,
and silica content in the concentrate from 3.4 to 4.7%.
The results of the studies are presented in Tables 2 and 3.

Table 2. Results of raw concentrate refining for technological schemes No. 1-3

E Quality indicators, %
‘ga Output power supply Concentrate Dump tailings
)
£
§ § Mass share | Removal | ExitFe__, | Mass share | Removal | ExitFe  , <Massshare = Removal Exit Fe
G Fetotal’ % Fetotal’ % % Fetotal’ % Fetotal’ % % Fetotal’ % Fetotal’ % %
2
1 68.3 94.9 91.7 40.6 5.1 8.3
2 66.0 100 100 68.0 95.7 929 40.0 4.3 71
3 69.0 92.9 88.9 42.1 71 111

Source: authors’ development

Table 3. Granulometric characteristics of ordinary concentrate finishing according to technological schemes No. 1-3

No. of Size class, mm
technological -0.071 -0.056 -0.045 Product
scheme L +0.056 +0.045 +0.02 A Ly
1 - 0.3 1.1 31.7 66.9 100 Concentrate
2 0.5 0.9 3.5 34.2 60.9 100 Concentrate
3 - 0.6 0.9 22.0 76.5 100 Concentrate

Source: authors’ development

An analysis of the granulometric composition of the
concentrates indicates that those obtained in tests 1
and 3 consist of finer material than the sample from
test 2. The content of the -0.045 mm fraction in these
tests was 98.6 and 98.5%, respectively. Since pure ore
minerals are mainly found in the -0.045+0 fraction, the
total iron content is higher in samples 1 and 3 than in
sample 2, with values of 68.3 and 69.0% compared to
68.0%. This confirms that the overall quality indicators

of concentrates obtained using technological schemes
that involve vertical mills for feed grinding are superior
to schemes where the feed is not ground. This is due to
the more effective liberation of grains, which positively
impacts the quality parameters of the concentrate.

® Discussion
The findings of this study are supported by a substan-
tial body of scientific research. The magnetic-flotation
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refining method has been identified as the most prom-
ising and economically viable approach for raw con-
centrate beneficiation. The selection of beneficiation
equipment and the reagent regime depends on the
mineralogy and level of harmful impurities. The cur-
rent trend in the metallurgical industry, coupled with
the rapid growth of “green energy”, demands that iron
product manufacturers reduce the silica content to 2%.
Magnetic or hydraulic separation alone cannot achieve
this due to the presence of locked silica minerals. In the
work of M. Ma (2012), a comparison of reverse anionic
and cationic flotation highlighted that the advantag-
es of anionic flotation include lower reagent costs and
better iron recovery. However, the author noted that re-
verse cationic flotation remains the most widely used
method for iron ore beneficiation.

In the work of F. Dehghani et al. (2022) demon-
strated that the final ore grinding size depends on the
nature of mineralisation, mineral distribution with-
in ore deposits, and associated gangue minerals. The
researchers examined two technological schemes for
magnetic-flotation concentrate refining: 1) Magnetic
separation with a magnetic field intensity of 2,000 G,
grinding to a particle size of less than 74 pym, followed
by a flotation cycle; 2) Grinding the entire flotation feed,
flotation beneficiation, and subsequent wet magnetic
separation with a magnetic field intensity of 1,000 G.
During flotation, a collector reagent, depressant, and
pH stabiliser were applied. The study determined that
wet magnetic separation prior to flotation was more
effective than using flotation as the primary benefici-
ation operation. Magnetic separation before flotation
reduced grinding costs, the number of flotation cells,
and reagent consumption, resulting in a higher-quality
product with fewer impurities. In contrast, using flota-
tion as the initial beneficiation step increased the num-
ber of flotation cells, raised reagent consumption, and
complicated the process.

In the work of S.0. Bada et al. (2012) also em-
ployed an initial grinding stage to a particle size of less
than 75 pm, followed by magnetic separation, a con-
trol grinding stage to achieve 95% of particles below
25 um, wet magnetic separation, and reverse cationic
flotation with the collector reagent Lilaflot-817M and
starch (iron depressant). The operations increased the
iron mass fraction in the concentrate to 65.5%, with re-
verse cationic flotation further increasing the iron con-
tent to 70.0%.

H.D.G. Turrer et al. (2007) studied the impact of
synthetic flocculants on the beneficiation of fine iron
ore fractions. They found that enriching iron ore frac-
tions smaller than 44 um could increase iron recovery
by 7.8% with the addition of non-ionic polyacrylamides
combined with a cationic collector, depressant, and pH
stabiliser. However, using non-ionic polyacrylamides
also increased silica content in the concentrate by 0.12-
1.58% due to the presence of polyacrylamide-induced

flocs. J-0. Gustafsson & O. Lima (2013) evaluated the
foam formation and stability of cationic collectors, as
foam structure and stability are critical factors in min-
eral flotation. Their work compared the effects of ether
diamine Lilaflot-D817M and Lilaflot-628M and found
that ore type, water quality, and collector type signif-
icantly influence foam properties during magnetite
quartzite beneficiation. Water with higher ion content
produced more voluminous foam.

In the work of K.P. Babu & M. Aminuddin (2020)
studied the impact of low-grade iron ore particle size
and changes in reagent regimes on concentrate quality
and yield. The study showed that increasing the collec-
tor dosage and pulp density reduced concentrate yield
while increasing iron content. They also found that pH
stabilisation affected concentrate yield and iron content.
At lower pH levels, negatively charged silicates electro-
statically interact with positively charged cation ions,
reducing concentrate yield while increasing iron con-
tent.At higher pH levels, silicates become less negative-
ly charged, decreasing interaction with cations, which
increases concentrate yield but decreases iron content.

N.P. Lima et al. (2013) examined the size-based
separation of flotation feed. They divided the feed into
two fractions:-150++45 pm and below 45 ym and com-
pared the results with an undivided sample of less than
150 pm. The study found that iron recovery was high-
est for the fraction below 45 ym with lower reagent
consumption. However, increased collector dosage re-
duced iron recovery and silica content. The researchers
demonstrated that size-based feed separation in iron
ore flotation improved iron recovery by nearly 3%, re-
duced silica content, and decreased iron content in tail-
ings. G.M. Rocha et al. (2022) studied flotation without
starch addition and at lower pH levels. They compared
amide-amines and etheramines as collectors, finding
that increasing amide-amine dosage by 50%, without
starch addition, improved iron recovery by up to 9% and
concentrate yield by up to 5%. However, this reduced
the iron mass fraction in the concentrate by 1%.

To enhance the flotation efficiency for magnetite
quartzite beneficiation, H. Hubin et al. (2018) found
that the initial concentrate contained many technolog-
ical aggregates formed during grinding, increased pulp
viscosity, and the growth of the ground material’s total
surface area into magnetic flocs, causing mechanical
entrapment of natural particles. They demonstrated
that ultrasonic treatment improved flotation properties
and increased final concentrate yield by 2-5% without
compromising product quality by altering pulp viscosity.

To sum it all up, the study, along with an analysis
of other scientific works, confirmed that reverse cation-
ic flotation is the most promising method for iron ore
beneficiation. However, the technological and econom-
ic performance of this process depends on the proper
selection of beneficiation equipment and an optimal
reagent regime.
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® Conclusions

Magnetic beneficiation methods do not yield high-qual-
ity concentrates due to ore depletion and the inclusion of
silicate minerals,which degrade concentrate quality.The
concentrate is fine-grained and comprises aggregates
that are challenging to separate using magnetic separa-
tors. An analysis of flotation beneficiation processes at
the Poltava and Ingulets Mining and Processing Plants,
as well as enterprises in the USA and Canada, demon-
strated that reverse cationic flotation is more efficient.
Depending on feed quality, it can increase iron content
to 69% or higher while reducing silica content to 3%.

Laboratory studies revealed that additional grind-
ing operations in a closed circuit, combined with wet
magnetic separation, can increase the iron mass frac-
tion to 68.0-68.3% and reduce silica content to 4.3-
4.6%. The flotation refining scheme that omits grinding
the initial feed but includes froth product grinding in
a closed circuit showed the poorest qualitative re-
sults for the final concentrate. The reduced iron mass
fraction in the final concentrate was attributed to the
presence of non-liberated grains with a particle size of
+0.045++0.071 mm, containing 28.2-45.2% total iron.In

this technological scheme, the total iron content did
not exceed 68.0%.

The most efficient refining scheme for the raw con-
centrates of PJSC“Northern MPP” is the magnetic-flota-
tion refining scheme with classification and grinding of
the raw concentrate in a closed circuit. Laboratory tests
confirmed that this approach can produce a concen-
trate with a total iron content exceeding 69.0% and sil-
ica content below 3%. Producing high-quality concen-
trate will enable its use in the production of DRI-class
pellets, which is critical for the global steel industry’s
transition to ‘green energy”. Future research will focus
on improving the technological chain, particularly by
determining the optimal feed particle size for flotation
cells to enhance the quantitative and qualitative per-
formance of the magnetic-flotation technology and op-
timise reagent consumption.
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Po3spo6ka texHonorii ¢pnotauiniHoro s6araueHHsA
MarHeTUTOBUX KBapLUTIB NPUBaTHOro akL,ioHepHOro ToBapucTBa
«[liBHiYHMA ripHMUO-36arauyBanbHUN KOMbiIHAT»

® AHoTauis. MeToto po6oTr 6yna po3pobka HOBOT TEXHOMOTIi HNOTALiHOIO A0BEAEHHS MarHETUTOBUX KOHLLEHTPATIB
Ha OCHOBI MPMBATHOrO akL,ioHepHOro ToBapucTBa «[TiBHIYHMIA ripHMYO-36aravyBanbHMI KOMBIHAT» ONS OTPUMAHHS
KiHLEBOro TOBapHOro MpoAyKTy 3 MacCOBOK YacCTKOK 3ani3a 3aranbHoro He MeHwe 69,0 % i KpeMHe3eMy He
6inbwe 4 %. BukopncraHo MiHepanoriyHuii aHanis Ans AOCNIAKEHHS PO3KPUTTS MiHEpaniB, XiMiYHMIA aHani3 — ang
BM3HaYeHHS SKICHOro CKNaay AOCNIAXYBAaHOT CUPOBMHU Ta CUTOBUIA aHaNi3 — AN BUSHAYEHHS TPaHYNOMETPUYHOTO
cknapy matepiany. B poboti Takox 3acTtocoBaHo MeToau 06pobKM, aHanisy Ta CMHTE3y pe3ynbTaTiB AOCHIAKEHb
3i CTBOPEHHSI ONTUMA/bHUX YMOB PO3[iNIEHHS MiHEpPaNbHUX 3epeH 3a KPYMHICTIO. Y pe3ynbTaTi BU3HAYEHO, WO
[OCATHEHHS MAKCMMasbHOI MacoBOT YaCTKM 3ani3a 3araJbHOrO y KOHLEHTPaTi Ta MiHiManbHOI MacoBOT Y4aCTKu
KpeMHe3eMy, Mpu MakCMMaNbHOMY BWYYEHHI 3ani3a, 3anexaTtb Bif YMOB MNOAPIOHEHHS, fKi BM3HAYaKTbCA
CTYNeHeM pO3KPUTTA MiHepanbHUX 3epeH. BCTaHOBNEHO, WO KOHCTaHTa WBMAKOCTI (noTauii KBapuy 3anexuTb
BifL MACOBOi YacTKM KBapuy B XuBfieHHi i ctaHoButb 0,05-0,10 xB!. MiHepanoriyHi [OCNiLXKEHHS PsSA0BOro
KOHUEHTPATy BUSBMAW, WO OO0 MOro CKAagy BXOASATb, OKPIM MOHOMiIHEpaNnbHMUX YaCTUHOK MarHeTuTy, 3pOCTKM
MarHeTuTy — KBapuy (80 2,52 %), MarHeTuTy — KBapLy — CMAiKaTy, MarHeTuTy — KBapLy, CuNikaTy — kapboHaTy (8o
7,5 %). KapboHart 340e6inbLioro npeactaBneHmin CMAeponasnToM, KanbLMUTOM; CUNIKaTU — KYMIHTTOHITOM, BiOoTUTOM,
XNOPUTOM. HepyaHi 4aCcToukM — MOHOMiHEpanbHi KBapLoBi abo cunikaT — KBapLLOBi, KAPOOHAT — CMAiKaT — KBAPLLOBI.
3rioHO 3 KiNbKiCHMUM MiHEepanoriYHMM po3paxyHKaMm, MOHOMiHEpanbHi YaCTMHKM MArHeTUTy HAKOMUUYHTbCS B
TOHKO3epHUCTIN dpakuii B knaci-0,045+0,02 mm - 92,3 % 1a B knaci-0,02 mm - 98,1 %. B pe3ynbrati npoBefeHHs
nabopaTopHMX BUNPOOYBaHb MArHiTHO-PIOTALLIAHOIO AOBELEHHS KOHLEHTPATy LOBEAEHO MOX/IUBICTb OTPUMAHHS
3 MarHeTUTOBMX KOHLEHTPATiB MPUBATHOrO akLioHepHOro ToBapucTBa «[liBHiYHWI ripHMYO-36aravyBanbHUN
KOMOIHAT» BMCOKOSIKICHOTO KOHLLEHTPaTy 3 MacOBOK YaCTKOK 3ani3a 3aranbHoro 69,0 % i okcmuay KpemHito 3 %,
88,9 % 3a BMxopoM i 92,9 % BunyyeHHSM 3ani3a 3arasbHOro y KOHLEHTPAT Bif onepauii. NpakTuyHa 3Ha4yMMicTb
nonsrae y po3pobui TEXHONOriYHOT CXEMM AOBELEHHS PSAOBOro MarHeTUTOBOIO KOHLLEHTPATy B YMOBaxX NPUBATHOIO
aKLUioHepHOro ToBapucTBa «[liBHIYHMIA TipHMYO-36arayyBanbHUi KOMOIHAT» AN OTPUMAHHS BMCOKOSKICHOIO
KOHLLEHTPATy 3 MaKCMMalbHMM BMXOAOM Ta MaCOBOK YACTKOK 3ani3a 3aranbHoro Buule 69,0 % i kpeMHesemy
MeHwe 4,0 % npu BUAyYeHHi 3ani3a 3aranbHOro y KOHUeHTpart binble 90 %

® KniouoBi cnoBa: KoOHLEHTPAT 3aM1i30pyaHUIA; hoTaLis KaTioHHa 3BOPOTHA; Cenapalis MarHiTHa; 4yacTka MacoBa;
CKNaf rpaHy10MeTpUYHui
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