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Improving the efficiency of the preparation of agglomeration
charge

Improving the efficiency of averaging of agglomeration charges containing finely dispersed materials and reducing
fluctuations in the chemical composition of the agglomerate is an actual topic since sintering plants do not have enough
equipment for the complete preparation of the agglomeration charge, namely averaging. In addition, the supply of finely
dispersed components of iron ore concentrate and iron-containing sludge to the warehouse for averaging and the
processes of stack formation and disassembly are accompanied by disorganized structure formation. Solving this issue
will improve agglomerate quality and increase agglomeration machines’ productivity.

Amethod of preparing agglomeration charge is proposed. This method involves averaging the mixture after equalizing
its granulometric composition, which minimizes material segregation during stack formation and disassembly.

The leveling of the granulometric composition of the mixture is carried out by processing it in mixers at natural
humidity, which leads to the destruction of locally over-moistened micro volumes of sludge and concentrate and finishing
the mixture at optimal humidity, which contributes to the preferential formation of granules of class 1.6...10.0 mm. A
component for crushing is added to the mixture in the amount of 10 ...40 % of the weight of the mixture to intensify the
process of crushing in the mixer.

Granulation of the charge before averaging and storage in the warehouse contributes to eliminating the phenomenon
of caking, the unorganized formation of macrostructures in the process of loading the material. This ultimately improves
the quality of the agglomerate in terms of strength indicators.

The method will reduce fluctuations in the agglomerate's chemical composition in terms of iron content and basicity
while increasing the productivity of sinter machines and strengthening the heat. Taken together, this allows us to conclude
about its feasibility and the possibility of its introduction into industry.

Keywords: iron ore concentrate, iron-containing sludge, granulometric composition, structure formation, segregation,

averaging, quality.

ntroduction. The process of including a
multicomponent mixture in the composition of the
agglomeration charge is associated with significant
fluctuations in the chemical composition of the
agglomerate due to significant differences in the chemical
and grain composition of the components of the charge,
as well as the segregation of raw materials in the
averaging process. In addition, since the supply of finely
dispersed components of the concentrate and sludge to
the warehouse for averaging, as well as the processes of
formation and disassembly of the stack, are accompanied
by unorganized structure formation (granules of different
fractional composition), segregation of the materials

being averaged occurs. The ratio of the linear sizes
of lumps in a stack formed from similar materials is
more than 400 times, and the formed granules have a
different material composition. As a result, lamination
of the mixture occurs. Its subsequent storaging in the
warehouse leads to a significant strengthening of the
granules.

The inhomogeneity of the chemical composition of
the material formed during the stack formation is poorly
leveled at the following stages of charge processing
(dosing, mixing, stacking on stacking carts) and only
increases during these operations. This fact leads to
the deterioration of the agglomerate strength indicators
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due to the presence of raw charge inclusions formed
from the specified micro-structures and did not pass the
agglomeration stage.

This process significantly develops when lime and
sludge, which have an increased tendency to structure
formation, are added to the concentrate.

Analysis of literature sources. One factor that
intensifies the process of agglomeration of the charge
with a simultaneous increase in heat strength is the
strengthening of granules during the granulation of

the charge. It was established [1] that as the granules'
strength increases, the sintering plant's specific
productivity increases, and the yield of fines (0-5)x10
m from the cake decreases. The reduction in fines yield
when the shrinkage of the sintering layer is reduced
is explained by the fact that the compaction is already
implemented at the microlevel — in the granules during
their formation.
As can be seen from the analysis of equation [2]:

Frax = Feap — Fasat ot = A (55) B (52) 40 (55) =4-2-B5 - c, (1)

£dy

where F_ . F . Fio Fna respectively: total, capillary,
wedging, and molecular adhesion forces of particles
in granules; ¢ — actual porosity of the granule; d, —
average diameter of material particles; h — distance
between particles in granules; A, B, C are constant
coefficients that depend on the nature of the material and
the external compacting effect, the total strength of the
granules is determined by the ratio of positive capillary,
molecular and negative wedging forces.

Calculations according to equation (1) showed [2] that
during the granulation of thin magnetite concentrates,
the leading role in ensuring the strength of the granules
can be assigned to the molecular mechanism.

The only available and effective way to control the
development of the molecular mechanism of adhesion
of heterogeneous particles in granules is to influence
the nature of the granules. However, it occurs not due
to the modification of the surface of the particles but by
the selection of components in a granulating group with
similar natural properties since, according to Debroy's
rule, the maximum force of molecular attraction is
observed for the same hydrophilicity (nature) [3]. This
direction is being developed today by researchers,
practitioners, and technologists [1, 2, 4-6]. From what
has been said, in the conditions of a significant number
of components, which include finely divided materials,
the preparation should be carried out by group method.

Suppose we assume that the rate of increase in the
mass of the granule formed in the overflowing layer is
proportional to the mass of the granulated materials. In
that case, we can obtain an equation describing granule
increase kinetics [7]:

d, = i/dj?(d; —d3)-exp [—iu-n ~p(9) - T], (2)
where: d, d, d, are the average diameters of final,
current, and nucleus granules, respectively; p — a
coefficient that depends on the ability of the material to
form granules and the activity of their nuclei; n — the
speed of rotation of the granulating drum; ¢(v) — time.

So

d,<d, <d. 3)

The mathematical model of the formation of nuclei
based on over-moistened micro volumes during drop-
jet humidification of the charge is represented by the
equation:

edy edy h3

4, =2 Ji, e d St )

where: d, — the diameter of the nucleus of droplet origin;
P — porosity of the nucleus; K, — shape coefficient of
average diameter particles; 6, 8 — surface tension and
viscosity of the moisturizing liquid; V, - volume of a drop
of water; 1 — time.

At the same time, the strength of the nucleus and
granules formed at the initial moment is represented by
the equation [2]:

13 &y
M, =k }(1—5)25, (5)

where k — a coefficient that depends on the type of
arrangement of particles in the nucleus and its shape;
g, — the relative volume of cavities in the resulting
structure (nucleus) occupied by liquid (water).

Based on the analysis of formulas (2-5), the
mechanism of compaction and strengthening of granules
with solid nuclei and over-moistened micro volumes
is clarified. During compaction, granules are formed
immediately strong, because they have mainly elastic
properties, while the hardening of granules requires
certain processing and time, being compacted due
to plastic deformation. Deformation determines the
necessary length of the drum-type granulator.

As can be seen from the Table 1, in all cases, granules
formed based on solid nuclei have increased strength
compared to granules from concentrate. The strength
is determined according to the method described in [1].
It should be noted that limestone particles cannot be
recommended as nuclei since the granules formed on
their basis are destroyed in the zone of intense heating
due to carbonate decomposition. Of the remaining two
types of solid nuclei, preference should be given to the
reverse fraction of the agglomerate (return). Similar
conclusions (Table 2) were made in [8].

Experimental sintering of the same charge containing
85 % lime concentrate in the iron ore part, prepared by
the usual method and with nuclei in granules (mainly
in the form of particles of sintering ore and the reverse
fraction of agglomerate (Table 3), confirmed that the best
results are achieved when using the concentrate and
reverse fraction of agglomerate. With an increase in the
gas permeability of the layer, the increase in the specific
productivity of the installation was 32.8 %.
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Authors of the works [4, 8-10] obtained similar results
during preliminary granulation of fine-grained materials.
The best result was achieved when the concentrate and
lime were stored together [8, 11]. According to [7], the
strength of raw briquettes from Kryvyi Rih concentrate
containing 3 % lime increased by 1.5 times after 24-
hour storage, and the productivity of the sintering plant
increased by 28.8 %. However, the most significant
results are achieved by averaging and storing lime and
reverse fraction of agglomerate in one stack concentrate
[8].

Formulation of the problem. In order to obtain
a chemically homogeneous agglomerate from multi-
component charges containing finely dispersed
concentrates and sludge, a technology is required in
which the components of the agglomeration charge that
are uniform in grain composition are averaged. After the
destruction and fixing of the micro-complex, the size
should be 1.6-10.0 mm.

The purpose of this work is to increase the
efficiency of averaging sintering charges containing
finely dispersed materials, reduce fluctuations in the
chemical composition of agglomerate, which will increase
its strength, and increase the productivity of sintering
machines.

The basic content of the paper. In order to
determine the rational parameters of the charge

preparation technology, an analysis of industrial studies
(in the conditions of the llyich metallurgical plant) of
the granulometric composition of the iron ore mixture
was performed, the results of which are presented in
Fig. 1. It was established that after feeding the mixture
of magnetite concentrate, iron-containing sludge, lime
and a series of overloads, the yield of structures with a
size of > 5 mm and > 10 mm was 81.0 % and 65.4 %,
respectively. Such a significant amount of these fractions
of the material before its averaging inevitably causes
segregation during stack formation. As a result, most of
the lime was concentrated near the bottom of the iron
ore stack.

The process of unorganized structure formation, a
complex phenomenon, is primarily associated with locally
over-moistened micro-volumes in the mixture of charge
components and fine-grained material (concentrate,
sludge, and other iron-containing materials). At the same
time, a single load is enough to form granules with a
size of mainly 20-40 mm from particles < 0.1 mm in the
mixture of wet components.

Thus, to prevent the harmful effects of the unorganized
strengthening of small components of the agglomeration
charge into aggregates, it is necessary to take measures
to prevent the formation of micro-structures before
averaging or their destruction. The mixing process,
which can lead to segregation when developing from a

Table 1

Compressive strength (kg/granule; kg/cm?) of wet granules of sintering charge with a diameter of 5-6 mm and briquettes obtained by
various methods depending on the nature of the nucleus centers

Compressive strength
kg/granule kg/cm?
The material of the The method of obtaining briquette granules
shell and the nucleus P -
of the granules Granulation Granulation Granulation p= 6':?15:("?(:“12

d =03m d =05m d =38m S=314000

V,=30rpm V,=24rpm V,=5.9rpm h =.8 mm
Concentrate with
lime and reverse 0.317 0.419 0.720 4850
agglomerate
Concgntrate with lime 0.257 0.281 0.520 3750
and limestone
Concentrate with lime 0.189 0.278 0.490 3700
and agglomerated ore
Concentrate with lime — 0.300 2950

Note. d,; V. — the diameter of the drum and its speed of rotation, respectively; P, S, h — pressure, cross-sectional area, and height, respectively

Table 2

Effectiveness of using granular components of the charge as the center of formation of micro-granules

Component

The number of grains that serve as
the centers of formation of micro-
granules pcs/1 kg

Amount of concentrate, that is rolled on the
surface of the grains, which serve as centers
of formation of micro-granules, kg/kg

Return of agglomerate by size:

3-6 mm 7300 2.34 [1]
3-10 mm 3700 1.54
The iron ore of the Kryvyi Rih
deposit by size:
3-6 mm 7600 1.17
3-10 mm 4750 0.92
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Class output, %

10-20

5-10

Granule size classes of agglomerate, mm

@ Before delivery to the warehouse

o Stack (at a height of 2.5 m from the base)

m Granulometric composition of the iron ore mixture (magnetite concentrate with sludge) and lime in different areas

of the sintering plant

stack, is a significant challenge. The drop of significant
volumes of material accompanies the development of the
stack. According to equation (1), the minimum forces of
adhesion between particles are achieved by maximizing
the wedging effect in the material layer:

(Fmax = ) (6)

dh

and the equal action of capillary and molecular
mechanisms in the formation of total strength, or when
ensuring inter-structural adhesion only due to the
capillary force field. These conditions correspond to the
size of particles or aggregates of 0.07-0.10 mm and
more than 1.0 mm. However, in the first case, the surface
forces are still quite large and exclude agglomeration.

Thus, an effective means of combating fusion
is strengthening powdery particles, which can be
implemented by granulation.

The set goal is achieved by the fact that the entire
middle group of components of the sintering charge (for
example, finely dispersed concentrate, sludge, lime,
and others) are subjected to processing in mixers under
waterfall mode and natural humidity before being sent
to the warehouse for averaging. This fact leads to the
crushing of locally over-moistened macro-volumes. After
that, the mixture is granulated in drum-type granulators
at optimal humidity in the rotation mode which leads to
the preferential formation of granules, preferably of the
1.6-10.0 mm class.

Crushing of granules consisting of iron ore concentrate
and iron-containing sludge is carried out in the mixer
under the action of increased loads on the structures
characteristic for the waterfall regime, as well as during
interaction with the coarse-grained components of the
sintering charge (reverse of agglomerate, limestone,
sintering ore).

To strengthen the crushing process of the lumps,
5-40 % of the mass of the mixture of material that
performs the role of the crushing body is introduced into
the charge. The selection of the component for crushing
the formed structures is carried out from the coarse-
grained materials in the charge. At the same time, the

crushing material should not have the ability to granulate
on its own. But its particles can be centers of nucleation
of granules. From the set of components of the sintering
charge, the reverse fraction of the agglomerate and the
sintering ore most fully meet these requirements.

After processing in mixers, the charge is granulated in
drum-type granulators at optimal humidity in the rotation
mode which contributes to the development of processes
of granule formation mainly of the 1.6-10.0 mm class
[12]. Then, the sintering charge, adjusted according to
the granulometric composition, goes to the raw material
warehouse, where it is subjected to averaging and
storing. As a result, the granules are strengthened [13].
In addition, granulation of the material before delivery to
the warehouse contributes to the elimination of fusion
and the formation of micro-structures in the process of
further overloading of materials due to the reduction
of the contact area between particles. The mode of
movement (waterfall, rolling) of materials in the drums
is regulated by changing the speed of the drum or the
degree of filling [12]. Addition of a component that acts
as a body of a destructive body beyond the specified
limit is impractical due to the shortage of coarse-grained
materials. In addition, the necessary time for processing
the charge for the destruction of granules is reduced,
which decreases the efficiency of the method. Additions
of the same component below the specified limit will
contribute to the fact that the degree of destruction of
granules during processing will be insufficient.

Thus, the group method of preparing the sintering
charge intensifies the sintering process when only
crushed materials and the reverse fraction of the
agglomerate are combined into a separate group.

In laboratory conditions, experiments were conducted
to determine the strength of wet granules obtained by
various methods, depending on the nature of the nuclei
centers. The results are given in the Table 1. It was
established that the highest strength of wet granules
of sintering charge, 5-6 mm in diameter, and briquettes
obtained by various methods, depending on the nature
of the nucleus centers, has the composition "concentrate
with lime — reverse agglomerate".
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Table 3

Results of laboratory experiments on granulation and sintering of the sintering charge prepared by the standard method according to
the proposed method

Crushing The S G @
strength of resistance o = . 2
9 0 L S0
wet granules of the Q - : D S o
with a size charge 2 Z o g g— o
g of 5.6 mm | layer witha | _ = ® 5|8, °els o
© Output of classes (%) by size, mm height of g 5 e 3lEx] o8 |ec
< = - © o = C o O = e
) 200 mm at = < = 2 5o cE|ED
2 the speed o e a S |2E|l se|x3
= . £ © = = c 2 > o | © O
o of air 5| 2| 3| % |23 °R|Ee
£ filtration c c = o Sam| g |05
= = [} 3 Q. o o o
8 0.3 m/s n > O w |OE| S |Fo
(0]
a ) .
5 . ol e | o | ¢ s E 5
2] e - 0 @ < o ° 2 ° < S X ° €
g x|l ale|e|le|v ||| = E|le|2|E|=|¢e|°
£ - - o S =
o IS =
= 1S
Basic
variant | 4.7 | 24.7 | 19.7 | 20,4 | 19.3 | 11.2 | 259.8 | 100 | 284 100 | 14.5 | 20.6 | 22.5 ]| 1.34 | 18.9 | 18.51 | 507
(SC)
K1 4.1129.7128.6(28.2| 9.1 0.5 | 278.4 | 107 66 23.2 1 13.9 |1 21.7|23.6 | 1.46 | 19.6 | 18.72 | 555
K2 5.1133.1(30.8|32.8| 4.5 0.2 | 487.7 | 188 50 176 | 11.5 | 26.1 1 23.9|1.78 | 16.9 | 17.86 | 570

" The height of the layer of sintering charge is 0.3 m, the moisture content of the charge is 8.0 % speed.

Laboratory studies were carried out using the reverse
of agglomerate of various sizes and iron ore from the
Kryvyi Rih deposit to determine the effectiveness of
using granular components of the charge as centers
for the formation of micro-granules. The results of the
research are given in Table 2.

It was established that both the agglomerate of the
reverse fraction and the iron ore with a grain size of 3-6
mm form a more significant number of grains that serve
as centers for the formation of micro-granules per 1 kg
by 97.3 % and 60 %, respectively, than with the grain
size of the specified materials of 3-10 mm.

Three series of experiments were conducted to
determine the influence of preparation methods on the
parameters of the sintering process: the basic version
using the usual method of preparing the sintering charge
(SC), using concentrate treated with lime and pre-
granulated with sinter ore (K1) and concentrate treated
with lime and pre-granulated with the reverse fraction
agglomerate (K2). The moisture content of the charge
was maintained at 8 % in all experiments. The results of
the research are given in Table 3.

Four series of experiments were conducted to
determine the efficiency of the proposed method of
averaging the sintering charge. The basic indicator
is taken as 100 %. The height of the sintering charge
layer is 0.3 m, and the moisture content of the charge is
8.0%. The mixture, granulated at optimal humidity, was
received for processing.

Experiment Ne 1. In laboratory conditions, a stack
weighing 200 kg was formed traditionally, consisting of
slag ore (10 % of the entire charge), (Novokryvorizsky
Mining and Processing Plant) NMPP sludge (10 %), lime

(5 %), and concentrate (75 %). Stacking was carried
out layer by layer in six layers. After keeping for 7 days,
the stack was reloaded twice from place to place, which
allowed averaging. Then the charge was granulated in a
drum-type granulator with a diameter of 0.340 m and a
rotation speed of 16 rpm, in the rotation mode at optimal
humidity. After that, scattering and chemical analysis
of each sample was carried out for iron content and
basicity. The results of the experiments are summarized
in Table 4, from which it can be seen that the iron content
fluctuations were 1.5 % and +0.15 % in basicity. The
grain composition of the charge was heterogeneous: the
class < 1.6 mm content was 12 %, while the content of
micro-volumes with a size of 12.0-40.0 mm was 8 %.

Experiment Ne 2. The charge of the same composition
and amount as in experiment No. 1 was pre-mixed in a
drum at a rotation speed of 44 rpm (waterfall mode), then,
it was granulated at optimal humidity and drum rotation
speed of 16 rpm, rotation mode, and placed in a stack,
where it was kept for 7 days. Previously, in a ribbed drum
with a diameter of 0.220 m and rotation speed of 40 rpm,
granulated charge for 120 s was tested for strength.
The class content < 1.6 mm in the charge after the test
was 18 %. After keeping the charge, as in the previous
case, it was subjected to averaging and scattering after
completion and determination of chemical analysis. The
content of the class <1.6 mm in the charge was reduced
to 2 %, and the amount of the class 12-40 mm was 2 %
(Table 4). After storing, the granules’ strength increased:
the class's content < 1.6 mm after the test in the drum
was 9 %.

Experiment Ne 3. The results of the experimental
verification of the possibility of adding and optimizing the
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Table 3
The results of laboratory studies of sample scattering and determination of chemical composition
Content in class charge, % Fluctuations ”.] _chemlcal
Experiment composition
Ne Note
<1.6 1.6-10.0 10.0-12.0 12.0-40.0 Fe, % Cao/sio,
1 12.0 70 10.0 8.0 +1.50 +0.15 After keeping
12.0 70 16.0 2/18" +1.00 +0.12 Before keeping
2.0 80 16.0 2/91 +0.26 +0.025 After keeping

' The denominator indicates the content of the class <1.6 mm after the strength test of the charge in a ribbed drum.

S0

g0

70
60
50 -
40 -
30
20
10 ¢
o

Size class content,%

0 5 10 15 20

25 30 35 40 45 50

The content of the reverse fraction of the agglomerate, %

B Qutput of the coarseness class > 10 mm when processed in a mixer at natural humidity, %

o Qutput of the size class 1.6-10.00 mm when tested in a ribbed
drum according to the definition of dynamic strength, %

m Changes in the structure (output of size class >10 mm) and strength characteristics (output of size class 1.6-10.0
mm) of concentrate, sludge and lime depending on the content of agglomerate reverse during processing in a mixer and testing

in a ribbed drum, respectively

consumption of coarse-grained material were performed
using a group of components — from the lime-treated
NMPP concentrate and agglomeration production sludge
taken in the ratio specified in the previous examples. In
studies No. 3 and No. 4, the granulated charge was not
subjected to stacking and storing but was immediately
processed in a drum-type mixer with a diameter of 0.340
m and a rotation speed of 44 rpm (waterfall mode).

The consumption of the reverse fraction of the
agglomerate for crushing granules was varied
from 0 to 50 % of the mass of the specified group of
components with an interval of 5 %. Presented in
Fig. 2, the results of the experiments show that even 5 %
of the reverse fraction of the agglomerate is sufficient
for the destruction of granules larger than 10 mm, but
the duration of processing the materials in the mixer was
7-8 minutes. When adding 40 % of the reverse fraction
of agglomerate, the processing time is reduced to
2-4 minutes. The following portions of the reverse fraction
of agglomerate (> 40 %) slightly reduce the necessary
time of processing the mixture to destroy granules.
Based on these data, the limits of the content of coarse-
grained additives in the mixture are established.

Experiment Ne 4. Since the granulated mixture is
subjected to destructive loads in transporting, overloads,
and stacking, the number of granules obtained was
estimated by their dynamic strength, which was

determined using a ribbed drum with a diameter of
0.220 m. The test results shown in Fig. 2 (curve 2)
showed that the granules have sufficient strength with
the reverse agglomerate fraction content in the mixture
range of 5-40 %.

Conclusions

The developed method of preparing the agglomeration
charge involves averaging the mixture after equalizing
its granulometric composition, which minimizes the
phenomenon of material segregation during the formation
and disassembly of stacks.

It was established that the inclusion of materials
with different granulometric, chemical composition,
and physical properties in the composition of the
multicomponent agglomeration charge leads to
increased fluctuations in the chemical composition
of the agglomerate. Moreover, this deficiency is not
only not eliminated at the following stages of charge
processing (dosing, mixing, stacking on stacking carts)
but also increases during these operations. In addition,
the supply of finely dispersed components of iron ore
concentrate and iron-containing sludge to the warehouse
for averaging and the processes of stack formation and
disassembly are accompanied by disorganized structure
formation.

Equalization of the granulometric composition of
the mixture by processing in mixers at natural humidity

ISSN 2077-1304. Met. lite Ukr., vol. 32, 2024. Ne2 (337) 13
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leads to the destruction of locally over-moistened
micro-volumes of sludge and concentrate, as well as
the formation of a mixture at optimal humidity, which
contributes to the formation of granules mainly of the
1.6-10.0 mm class. A component for crushing is added

increases the quality and strength of the agglomerate.

The proposed measures will reduce fluctuations in
the chemical composition of the agglomerate in terms of
iron content and basicity while increasing the productivity
of sinter machines and strengthening the cake.

to the mixture in the amount of 10-40 % of the mass of
the mixture to intensify the crushing process in the mixer.

Granulation of the charge before averaging and storing
in the warehouse helps to eliminate the phenomenon
of agglomeration and unorganized formation of macro-
structures in loading the material, which ultimately

JIITEPATYPA

1. MnotHikoB B.B., CaitrapeeB J1.H. IHTeHcudikauia arnomepauinHOro npouecy 3a paxyHOK BOOCKOHANEHHs TEXHOOrii
KOMGIHOBAHOro OrpyAaKyBaHHS i 3aBaHTaXXeHHs1 LWNXTU. BicHuk [Mpua308cbko20 Oep)xagHO20 MEXHIYHO20 yHigepcumemy.
Cepisi: TexHiyHi Hayku. Ne 25. C. 41—46. https://doi.org/10.31498/2225-6733.25.2012.29206

2. BermaH E.®., MNbipukos A.H., XKak A.P. IHTeHcMdmKaumsa arnomepaumoHHoro npouecca. Mockea: MawumnHoctpoeHue, 1995.
126 c.

3. 3umoH A.[l. Agreaus nbinu 1 nopowkoB. Mocksa: Xumus, 1967. 1976. 430 c.

4. VcaeHko IE., CanpbikuH A.H., KysHeros A.C., lNMysaHos B.I1., ®ponos KO.A. KoMG1HMpoBaHHOE OKOMKOBaHWe arfioMmepatim-
OHHOW WNXTbI B annapartax 6apabaHHoro Tuna u Tapeneyarbix rpaHynaropax. Cmars. 2009. Ne 8. C. 2—7.

5. Kopotuy B.U. OcHOBbI TEOPWM 1 TEXHONOMMMN NOArOTOBKM Chipbs K AOMEHHOW nnaske. Mocksa: Metannyprus, 1978. 208 c.

6. Metpywos C.H. CoBpeMeHHbI arnomepaLmoHHbIn npouecc. MoHorpadmsa. Anvesck: [JoHITY, 2006. 360 c.

7. Manbirun A.B., MNy3axos B.MM., KannyH J1.1. KuHeTnka pocTa rpaHyn armoMepaLoHHON LWNXThl BO BPALLAKLLMXCA LMITMHAPU-
Yyecknx bapabaHax. «OkyckoBaHWe pya v KOHUeHTpaToB»: TeM. cb. CBepanoBsck: YpanmexaHobp, 1981. C. 64—70.

8. Cemakosa B.B., MuntornH E.N., Be3pykos B.B. ViccnegoeaHne npouecca cnekaHus arnomepaTa ¢ 400aBKOW B LLUMXTY Kanu-
OpoBaHHOro Bo3BpaTa. BicHuUk lNpua3o8cbko20 depxagHO20 MEXHIYHO20 yHigepcumemy: 36. Haykosux rnpauys. Mapiynonb.
2011. Bun. 23. C. 40—45.

9. OxoriH B.B., MintoriH €.1., Cemakosa B.b. Ta iH. Cnocib rpaHyntoBaHHs BigciBy armomepary / MNateHT Ne 106569 Ykpaina, MINK
C22B 1/14, C22B 1/24, C22B 1/242, C22B 1/243 (2006.01). Ony6n. 10.07.14, Bion. Ne 13. npioputet 10.09.2014.

10. Monos. I"H., MNMnetHeB M.B., Kanycta A.W. CenekTuBHasa rpaHynsaumust arnoMepaumoHHon WuxTel. M3eecmus BY3o0s. YepHas
memannypeusi. 1983. Ne 3. C. 11—14.

11. KannyH J1.W., Tapacos B.b. BrnvsHne npegBapuTenbHOr0 OKOMKOBaHWUS LUMXTbI HA ra3oguHaMUYeckne xapakTepucTuky cne-
kaemoro cnosi. «[yTu ynyylweHns ra3oMexaHukM MeTannypruyecknx Wwunxr»: Ted. gokn. Pecny®bnukaHCcKon KoHdepeHLun.
Kaparanga: XMW, 1987. C. 42—44.

12. Kopotny. B.W. TeopeTnyeckne ocCHOBbI OKOMKOBaHUS xenesopyaHbiX Matepuanos. Mocksa: Metannyprus, 1966. 151 c.

13. Koeanes [J.A., BaHtokoBa H.[., VBawieHko B.I1., KpukyHos B.I1., AronbHuk M.B., Bornko M.H. TeopeTuyeckne ocHOBbI Npo-

N3BOACTBA OKYCKOBaHOIO Cblpbs: YuebHoe nocobue ans Bbiclumx y4ebHbix 3aBegeHun. HMeTAY. [Henponetposck: MMA —
npecc, 2011. 467 c.

Hagiwna 21.06.2024

(&g REFERENCES

1. Plotnikov, V.V., Saithareyeyv, L.N. (2012). Intensification of the agglomeration process due to the improvement of the technology
of combined granulation and charge loading. Bulletin of the Pryazovsky State Technical University. Series: Technical sciences,
(25), 41-46. https://doi.org/10.31498/2225-6733.25.2012.29206 [in Ukrainian].

2. Wegman, Ye.F., Pyrikov, A.N., Zhak, A.R. (1995). Intensification of the sintering process. Moscow: Mashinostroenie, 126 p.
[in Russian].

3. Zimon, A.D. (1976). Adhesion of dust and powders. Moscow: Khimiya, 430 p. [in Russian].

4. Isaenko, G.Ye., Saprykin, A.N., Kuznetsov, A.S., Puzanov, V.P., Frolov, Yu.A. (2009). Combined granulation of sintering mixture
in drum-type devices and disc granulators. Steel, 8, 2-7 [in Russian].

5. Korotich, V.I. (1978). Fundamentals of the theory and technology of preparing raw materials for blast furnace smelting.
Moscow: Metallurgiya, 208 p. [in Russian].

14 ISSN 2077-1304. Met. lite Ukr., vol. 32, 2024. Ne2 (337)



PYNOTEPMIYHI NPOLIECK

10.

11.

12.
13.

. Petrushov, S.N. (2006). Modern sintering process. Monograph. Alchevsk: DonGTU, 360 p. [in Russian].
. Malygin, A.V., Puzanov, V.P., Kaplun, L.I. (1981). Growth kinetics of sintering charge granules in rotating cylindrical drums.

“Agglomeration of ores and concentrates”: Topic. Collection. Sverdlovsk: Uralmekhanobr, 64-70 [in Russian].

. Semakova, V.B., Pilyugin, Ye.l., Bezrukov, V.V. (2011). Study of the sintering process of agglomerate with the addition of

calibrated return to the charge. Bulletin of the Pryazovsky State Technical University: coll. scientific papers. Mariupol, 23, 40-
45 [in Russian].

. Ozhogin, V.V., Pilyugin, Ye.l., Semakova, V.B. et al. (2014). Granulation method of of agglomerate scattering / Patent No.

106569 Ukraine, IPC C22B 1/14, C22B 1/24, C22B 1/242, C22B 1/243 (2006.01), publ. 10.07.14, Bull. No. 13. priority
10.09.2014 [in Ukrainian].

Popov, G.N., Pletnev, M.V., Kapusta, A.l. (1983). Selective granulation of agglomeration charge. Izvestiya. Ferrous Metallurgy,
3, 11-14 [in Russian].

Kaplun, L.I., Tarasov, V.B. (1987). The Influence of preliminary granulation of the charge on the gas-dynamic characteristics of
the sintered layer. “Ways to improve the gas mechanics of metallurgical charges”: Abstract of report at Republican Conference.
Karaganda: HMI, 42-44 [in Russian].

Korotich, V.. (1966). Theoretical foundations of iron ore materials granulation. Moscow: Metallurgiya, 151 p. [in Russian].

Kovaley, D.A., Vanyukova, N.D., Ivashchenko, V.P., Krikunov, B.P., Yagolnik, M.V., Boyko, M.N. (2011). Theoretical foundations
of the production of agglomerated raw materials: A textbook for higher educational institutions. NMetAU. Dnipropetrovsk: IMA
— press, 467 p. [in Russian].

Received 21.06.2024

ISSN 2077-1304. Met. lite Ukr., vol. 32, 2024. Ne2 (337) 15



PYNOTEPMIYHI NPOLIECK

JY— €.M. Cirapb0B, o-p TexH. Hayk, npod., 3aB. kacesp,

e-mail: en_sigarev@ua.fm, https://orcid.org/0000-0002-8229-7877

P.M. PygeHko, acnipaHT, e-mail: 18rudenko@gmail.com,
https://orcid.org/0009-0008-6207-0107

M.A. KaweeB, KaHA. TEXH. Hayk, Aol., Aow., e-mail: pmz@pmz.dp.ua,
https://orcid.org/0000-0002-0938-4384

M.P. PyneHko, kaHz. TEXH. Hayk, Aou., gou., e-mail: 18rudenko@gmail.com,
https://orcid.org/0000-0002-8016-5221

0.A. Yy6iHa, KaHg. TexXH. Hayk, Aol., Aou., e-mail: ms.chubina@ukr.net,
https://orcid.org/0000-0003-2213-5013

LHinposcbKull depxasHUl mexHiyHul yHigepcumem (Kam’aHcbke, YkpaiHa)

MigBuIWEHHA eheKTUBHOCTI NiArOTOBKM arnoMepaLinHol LWUXTH

linBuLLEeHHS ePEeKTUBHOCTI yCepenHEHHS ar/ioMepaLiviHuX LUVXT, O MICTSITb TOHKOANCIEPCHI Marepiasin, 3MeHLLIEHHS
KOJIMBaHHS XIMIYHOrO cknagy arioMeparty € aktyasibHOW Temor. OCKiIbKv arsioOMepPauiviHi Uexu He MailoTb B LOCTAaTHIu
KifIbKOCTI yCTaTtKyBaHHSI /151 MOBHOLIHHOI MiaroTOBKM arJioMepauiviHoi wuxty, a came ycepenHeHHs. Kpim toro, nogada
API6GHOAMCNEPCHUX KOMIOHEHTIB 3a/1i30PyAHOr0 KOHLIEHTPATY i 3a/1i30BMICHOrO LLiaMy Ha CKAaA A1 YCepeaHEHHS, a TaKoXx
npouecu opMyBaHHSI Ta PO30OMPaHHS LUTabesIo CyrnpoOBOLAXYIOTHCS HEOPraHi30BaHUM CTPYKTYPOYTBOPEHHSIM. BupilleHHs
LibOro nNUTaHHs 03BOJIUTb MOKPALUNTY SIKICTb arsioMepary 1a 301bLUNTY NPOAYKTUBHICTb arsioMepaLiviHuX MaLLyiH.

3anpornoHoBaHO crocib nigroToBky arsioMepaLiiHol WVXTy, LWo rnepeabayYyae ycepenHeHHs CyMiLli ricsisi BUpPIiBHIOBaHHS
il rpaHyn1oMeTpu4YHOro cknazy, Lo 3BOAUTb A0 MIiHIMyMYy siBUllLle cerperawii marepiany rnpy ¢opmMmyBaHHI Ta pPo30upaHHI
wirabenis.

BupiBHIOBaHHSI rpaHys1I0MeTPUYHOro CKaAaay CyMillli MpOBOANTLCS 3@ A0MOMOroro ii 06pobku B 3MiLLyBa4ax rnpuv npupoaHiv
BOJIOrOCTi, L0 MPU3BOAUTL A0 PYVHYBaHHSI JIOKA/IbHO MEPE3BOJIOXEHUX MIKPOOO'EMIB LuiamMy i KOHLEHTPATY, a Takox
034006J1eHHSI CYyMilLLi NPy ONTUMAaJIbHIV BOJIOrOCTI, LLO CrPUSIE NEePeBaxxHOMY YTBOPEHHIO rpaHys knacy 1,6...10,0 mm. ns
iHTeHcugikauii npouecy ApobeHHs B 3MiLLyBaYi, 40 CyMilli 40AaI0Tb KOMIOHEHT 415 ApobaeHHs y KinibkocTi 10 ... 40 % Bia
Barvi CyMmitui.

[paHynsuis Wuxtyn rnepes yCepeaHeHHsIM Ta BUTPUMYBAHHSIM Ha CKAani Crpusie YCYHEHHIO SBULLA 3/1e€XKYBaHHS,
HeopraHi30BaHOro YTBOPEHHS MakpOCTPYKTYP Y MPOLECi HaBaHTaXeHb marepiasny, Lo B KIHLEBOMY [MiACYMKY Crpusie
rOKpAaLLEHHIO SIKOCTi arfiomepary 3a rokasHukamu MillHOCTI.

Criocib [03BOINTL 3HU3UTU KOJIMBaHHS XIMIYHOIO Cknazy arsioMepary 3a BMICTOM 3a/1i3a Ta OCHOBHOCTI rnpy 30i1bLLIEHHI
npoAayKTUBHOCTI arsioMallmH Ta 3MilYHEHHS CrieKy. Y CYKYrnHOCTI Lie A03BOJISIE 3p00UTN BUCHOBOK PO MOro AOUIbHICTb Ta
MOXJ/INBICTb BrPOBAAXEHHS Y MPOMUCIIOBICTb.

. 3anizopynHuii KOHLEHTPAT, 3a/1i30BMICHW LWaM, rpaHy/I0MeTPUYHMI CKaas, CTPYKTYPOYTBO-
Knro4osi cnosa PEHHSI, cerperauisi, ycepeaHeHHs, SKiCTb.
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