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UPGRADE OF CONVEYOR LINE

FOR COAL CHARGE PREPARATION
WITH THE USE OF MODERN
GRADING-AND-MIXING EQUIPMENT

Introduction. In the current market conditions, when the demand for metallurgical products remains constant or
declines, the metallurgical industry may develop due to optimizing operating costs. A significant component of the
cost of final products is the cost of electricity. Its average growth rate over the past five years amounted to 125%.
Therefore, there is a need for analysis of electricity consumption with its subsequent optimization.

Problem Statement. In the existing coke production process line, the most energy-intensive technological
operation is crushing coal charge, which does not provide for prior screening of the finished grade. The analysis of
the particle size distribution of coal concentrates has showed that only 12.5% of the input charge fractions needs
to be crushed The gross flow of coal concentrate entering the crushers, the efficiency of the crushers does not
exceed 16... 18%. In addition, there is re-crushing of coal concentrates, which increases the content of the 0—0.5 mm
fraction and, consequently, adversely affects the quality of resulting coke.

Purpose. The purpose of this research is to develop practical recommendations for improving the process of
coal charge preparation for coking and equipment in it in order to reduce electricity consumption and to increase
the quality of resulting coke.

Materials and Methods. Empirical research methods with the use of the mathematical apparatus of statistical
data processing.

Results. As a result of the research, an improved process flowchart for coal charge preparation has been pro-
posed. It allows improving the quality of blast furnace coke and reducing electricity costs per unit of product, at
least, 48 times.

Conclusions. Improving the quality of coal charge preparation for sintering and reducing the electricity con-
sumption of equipment may be implemented through upgrading the existing conveyor lines by organizing screening
sections of the finished grade before crushing.
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Introduction

Currently, world industry is in the era of the so-
called “New Normality” when no major events that
can provoke a steady increase in consumption of
metallurgical products are expected. In these con-
ditions, the development of industry is possible
through the introduction of new technologies to
optimize operating costs [1].

Given that over the past five years, the average
growth rate of electricity prices for non-house-
hold consumers in Ukraine reached 123.9% [2],
there is a need to analyze electricity consumption
for its further optimization, especially at the sta-
ges of preparation of the coal charge for coking,
which requires energy-intensive technological ope-
rations, such as coal charge crushing.

Technological schemes of coke production at
corporations of the European Union and India [3—
5] provide preliminary enrichment of coking coal,
as a result of which technological operations on
coal charge crushing are necessarily preceded by
material size grading on vibrating screens and the-
re is no need for mixing operation since a single-
component charge is used.

While preparing a coal charge for coking, Uk-
rainian corporations mainly use the processes of
charge crushing (CC) and group crushing of com-
ponents (GCC). The main difference between the
processes used is that the charge crushing requi-
res fewer crushers, because in the GCC case, the
performance rate of crushing department is chosen
on the condition that it shall be not lower than
the coal intake capacity that is much higher than

Table 1. Specific Parameters of Crushing Processes

Crushing process
Parameter CcC CGG

Design | Fact | Design | Fact
Specific productivity, t/(g-m?) | 184 | 23 | 23.2 | 3
Electricity consumption,
(kW - g)/t 1.8 |143| 1.7 13
Metal consumption of equip-
ment, t/(g - t) 15.6 2 194 | 2.4
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Fig. 1. Variability of averaged particle size composition of
coal concentrates

the capacity of the conveyor line that supplies coal
to the coke-oven battery where the department
for charge crushing process is located. In addi-
tion, in the case of GCC process, the installation
of mixing equipment is required, while in the ca-
se CC process, the mix is stirred during its crus-
hing in hammer crushers. Table 1 shows the main
design parameters of the used processes of charge
crushing [6].

Given the variability and deterioration of the
raw material, the particle size distribution of coal
concentrates that are processed for the last seven-
teen years (Fig.1) has been analyzed. The obtai-
ned graphs show that the content of fractions +6
and 6—3 mm decreases by 33 and 4%, respecti-
vely. So the input charge contains only 12.5% of
fractions that need to be crushed (+6; 6—3 mm).
Since the process trains do not provide for scree-
ning, the gross flow of coal concentrate goes to the
crushers that actually play a role of mixers, which
is not effective both in terms of quality of the mix
(the degree of mixing in terms of quality averages
75%, which does not correspond to the optimal
value [7] and in terms of the parameters (see Tab-
le 1), as a result of which the crusher efficiency
does not exceed 16... 18%. In order to reduce elect-
ricity consumption, several processes use of ham-
mer crushers without grate [8, 9], which allows
raising the efficiency up to 25... 27%.

In addition, the crushing of the charge with
specified particle size distribution leads to its re-
crushing and increasing the share of 0—0.5 mm
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grade, which impairs the physical and mechanical
properties of the resulting coke [10]. Hence, it is
necessary to apply the pre-screening technology
and to prevent re-crushing of the finished prod-
uct, which increases the bulk density of the char-
ge, improves its homogeneity and, consequently,
the quality of the resulting coke.

Given the above, the purpose of this research is
to develop reasonable recommendations for im-
proving conveyor line for the preparation of coal
charge for coking and the necessary equipment in
order to reduce electricity consumption and to
improve the quality of blast furnace coke.

Main Part of the Research

At the first stage of research, we study the influ-
ence of 0—3 mm fraction content on electricity
consumption and hammer crusher efficiency and
the influence of 0—0.5 mm fraction on the coke
quality. The research is carried out in the coal pre-
paration shop at the coke production facilities of

Table 2. Grade and Size Distribution Content of Coal Charge

Decrease in the content of 0—3 mm fraction

PJSC ArcelorMittal Kryovyi Rih. The grade and par-
ticle size distribution of coal charge and its me-
chanical properties are given in Table 2.

The given dependences (Fig. 2) show that the
crusher efficiency for the grade and size distribu-
tion content of coal charge does not exceed 17%.
The reduction in the content of 0—3 mm fraction
in the charge that is fed for crushing leads to a
decrease in electricity consumption by the ham-
mer crusher and increases its efficiency.

As a result of reducing the content of the 0—
3 mm fraction before crushing by 51%, electrici-
ty consumption of the hammer crusher with a gra-
te decreases by 37% (from 412 to 260 kW) and
by 19% (from 267 to 216 kW) for the crusher
without a grate. The efficiency of the crusher in-
creases by 10%, with the use of grate, and by 6%
without it.

Thus, the screening of 0—3 mm fraction from
the coal charge before crushing significantly re-
duces the electricity consumption of the hammer

in the Coal Preparation Shop at the Coke Production Facilities of PJSC ArcelorMittal Kryvyi Rih

Particle size composition (%) by grades, mm . Coal Average imaginary
Charge, % COZl ?lastll\zlltjy breaking density of coal,
+6 6-3 3-0.5 -0.5 OGS, BE4 | stress, MPa kg/m?
K /27; K/35; K+tKO+OC/12; 106 22 132 47 47 47 47
K+KO+KX/26
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Fig. 3. Nomogram for determining the coke quality indicators of M25 and M 10 depending on the content of the 0—0.5 mm
dust fraction and the bulk density of coal charge at different moisture content: 7 — strength in terms of crushability (indica-
tor M25); 2 — strength in terms of abrasion (M10); 3 — the content of the 0—0.5 mm grade at an average moisture content
in the charge W = 11.2 %; 4 — the content of 0—0.5 mm at an average moisture content in the charge\W = 5.6 %

crusher, both with a grate and without it. How-
ever, when using standard screens, the screening
efficiency of which is 50% for 0—3 mm fraction,
it is impossible to increase the efficiency of the
crusher by more than 32%, which is quite low for
the equipment used.

Based on the results of studying the effect of
0—0.5 mm fraction on the bulk density of the
coal charge, as well as experimental coking, a
nomogram has been obtained (Fig. 3). The nomo-
gram allows assessing the quality of coke for
“cold” strength in terms of crushability (M,,) and
abrasion (M, ), given the preliminary screening
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of 0—3 mm fraction at different humidity of the
coal charge.

The obtained nomogram shows that as the
content of dust fraction 0—0.5 mm in the coal
charge increases, its bulk density and quality of
coke decreases. For example, as a result of reduc-
ing the content of 0—3 mm fraction in the coal
charge with a moisture content of W= 11.2% and
W= 5.6% (curves 3, 4), the strength of coke in-
creases in terms of crushability by 1.1% and 1.2%
(from 85.4 to 86.5% and from 86.3 to 87.5%), re-
spectively, and in terms of abrasion by 0.8% (from
9.2 to 8.4% and from 8.6 to 7.8%), respectively.
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Fig. 4. Power of the reversible hammer crusher and average specific consumption of electricity

depending on its productivity

The hot strength also improves: reactivity (CRI)
decreases by 2.6% (from 40.1% to 37.5%), and
post-reaction strength (CSR) increases by 3.3%
(from 43.1% to 46.4%).

The studies show that reducing the content of
the defined grade in coal charge before crushing
in the hammer crusher may improve the quality
of the resulting coke, but the efficiency of this
process remains low, indicating the need to use a
reversible hammer crusher of other size or other
type of crusher.

Having studied the market offer of hammer re-
versible crushers used for crushing coal of different
grades before coking (Fig. 4) [11—13], we conc-
lude that economically justified reduction in elect-
ricity consumption may not be achieved unless the
productivity in terms of oversized product is, at
most, 250 t/g, which, given the productivity of the
process line of 700 t/h and the existing particle
size distribution of the coal charge, requires the
use of screens with an efficiency of, at least, 80%.

Ensuring the above efficiency of screening on
existing structures of domestic and foreign scree-
ning facilities in a limited production area, as well
as preventing the clogging of the sieving surface
with initial coal concentrate that has average
moisture content of 10... 12%, as a result of its
sticking, are complicated tasks.

In connection with the above, a group of engi-
neers of the Kryvyi Rih Metallurgical Institute

ISSN 2409-9066. Sci. innov. 2021. 17 (3)

of the National Metallurgical Academy of Ukrai-
ne has proposed a configuration of steep vibra-
tion-impact screen (Fig. 5), the main elements of
which are box 7 with sieving surface 2 supported
by rubber shock absorbers 3. The box vibrations
are transmitted by two kinematically unbound
inertial vibration generators 4 operating in self-
synchronization mode. Given research [14], the
sieving surface is formed by a freely supported
plate with round holes, which performs periodic
shock-pulse oscillations in the vertical plane li-
mited by support 5. To prevent the longitudinal
movement of the sieving surface it is fixed by stop-
pers 6 [15].

To assess the efficiency of the separation of the
defined grade before crushing, in the existing pro-

Fig. 5. General view of steeply inclined vibrating-impact screen
with freely supported screening surface
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its productivity

duction conditions, the changes in the particle si-
ze distribution of the coal charge with a moisture
content of W= 11.2%, during the motion along
the conveyor line, have been analyzed (Fig. 6).
The obtained histogram shows that the scree-
ning of 0—3 mm fraction from the coal charge with
its subsequent crushing on hammer crushers both
with a grate and without it, leads to a decrease in
the content of —0.5 mm grade by 8 and by 9% re-
spectively, however, the effect of coal crushing
with the formation of this grade, is not removed.
In addition, the use of hammer crushers with a
capacity of less than 320 t/h, because of a 1.5 times
increase in the electricity consumption per a ton
of finished product (see Fig. 4) is not effective.
An alternative type of crushers used for crus-
hing coal charge, with a productivity of up to
400 t/h is two-roller-toothed crushers. The study
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of the market range of sizes (Fig. 7) [16] has sho-
wed that this type of equipment is more efficient,
because it has a lower electricity consumption
(specific electricity consumption does not exceed
0.75 (kWh)/t) and prevents re-crushing of the
material.

In some processes, hammer crushers act as mi-
xers for incoming coal concentrates in addition to
crushing. However, if screening of more than 75%
of the defined grade is ensured, practically there
is no mixing, so it is necessary to use equipment for
forced mixing.

Table 3 presents the main types of mixers that
may be or are used in coal processing facilities [6,
17,18].

Table shows that the revolving-arm and disc
stack mixers are less energy-intensive, but they
require significant additional space, which in the

ISSN 2409-9066. Sci. innov. 2021. 17 (3)
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conditions of existing coal preparation facilities
not always may be realized. Alternative options
are beater-type and rotary mixers. The beater-
type mixer, like the revolving-arm or disc stack
mixer, requires additional space for mounting and
operation, while the rotary mixer is mounted di-
rectly above the conveyor and does not require
re-design of the existing lines in coal preparation
facilities.

Disadvantages of the existing rotary mixer
configuration is poor quality of the mix and the

Table 3. Equipment for Coal Charge Mixing

possibility of significant damage to the conveyor
belt in the case where metal objects or non-shred-
ding materials fall between the belt and the finger
rotor formed by metal pins welded to its shaft.
To remove these disadvantages, an engineer
team of the Kryvyi Rih Metallurgical Institute of
the National Metallurgical Academy of Ukraine
has proposed a rotary mixer configuration (Fig. 8).
The mixer is mounted directly above the belt
conveyor and consists of welded frame 7 and sec-
tions 2. Two rotor are installed on bearing sup-

Type of mixer
Parameters Revolving-arm | Disc stack | Beater-type | Disintegration- | Organized charge | Rotary
mixer mixer mixer type mixer mixing plant mixer
Power, kW 6 6 15 75 110 23
Productivity, t/g 700 500 400 750 1100 600
Mixer weight, t 1.4 0.3 0.4 1.4 4.09 5.65
Area with electromotor included, m? 2.4 3.24 1.96 12.5 6.6 17.1*%
Specific electricity consumption, 0.009 0.012 0.038 0.1 0.1 0.038
(kW -g)/t
Specific quantity of metal, t/(g - t) 500 1667 1250 66 269 106
Specific productivity, t/(g - m?) 175 154 255 60 167 0
Note: * does not require additional space, mounted above conveyor
ISSN 2409-9066. Sci. innov. 2021. 17 (3) 73
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Fig. 9. The offered CC process chart for coal charge preparation: 7 — bunker; 2 — belt
dispenser; 3 — charge conveyor; 4, 5 — screens; 6 — roller crusher; 7 — rotary mixer; 8§ —

main conveyor

ports 3 of each section. The rotors with flexible
cable elements 4 are moved by electric motors 5
connected via V-belt transmission 6. On the op-
posite side, blade rotors 8 are moved by means of
V-belt transmission 7. For ensuring tight cou-
pling of the sections, laminated rubber elements 9
and 70 are used. At the mixer input and outlet, on
the end walls, there are installed sealing rubber
curtains 77. Adjusting screws 12 are used to main-
tain and to adjust the gap between the belt and
the rotors. The side walls of the sections are pro-
tected with shields 73 and 74 to prevent injuries
from rotating actuators. Depending on the needs
and process requirements, additional sections
may be added or detached [19].

Thus, the research allows us to conclude that
the process flowcharts used to prepare the coal
charge for coking are energy-consuming, and,
moreover, do not enable improving the quality of
the resulting coke. In our opinion, it is possible to
reduce electricity consumption and to make bet-
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ter the quality of coal charge preparation before
sintering by improving the existing conveyor line
through preliminary screening of the finished
grade 0—3 mm with its subsequent blending with
coal concentrate that has been crushed on roller
crushers.

For example, proceeding from the primary par-
ticle size distribution of the coal charge (Fig. 1)
and its flows along the conveyor line at the coal
preparation facilities of ArcelorMittal Kryvyi Rih,
the following generalized improved process chart
for CC may be offered (Fig. 9).

In the proposed flowchart, screening is reali-
zed by two steeply inclined inertial screens with a
freely supported screening surface having a capa-
city of 350 t/g with a cell of 5 mm, which allows
achieving efficiency of 80—90% for 3 mm grade
(due to a high absorption capacity for class 0—
3 mm). A standard range of such screens has been
developed by KVMSH PLUS together with the
Industrial Machine-Building Engineering Depart-

ISSN 2409-9066. Sci. innov. 2021. 17 (3)
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Table 4. Parameters of the Proposed CC Flowchart

Equipment of the proposed CC process flowchart

P Proposed
arameters Steeply inclined vibrating-impact screen Rotary mixer of improved process line
. . Roll crusher ) .
with a freely supported screening surface configuration
Power, kW 25x2=150 150 23 223
Actual performance, t/h 350 x 2 =700 250 700 700
Specific electricity consump- 0.08 x2=0.16 0.6 0.038 0.3
tion (kWh)/t

ment of the Kryvyi Rih Metallurgical Institute of
the National Metallurgical Academy of Ukraine
specifically for materials with a high moisture
content, tending towards clogging and sticking
to screen surfaces. In addition, the scheme pro-
vides for the use of a roll crusher with a capacity
of 250 t/h that is sufficient for processing the
oversized product after screening. After the cru-
shing stage, a multi-section rotary mixer is moun-
ted above the main conveyor. The capacity of the
proposed grading & crushing & mixing equip-
ment, as estimated based on the specifications, is
223 kW (Table 4).

Having compared the obtained capacity of all
equipment in the proposed process flowchart for
the option with the crushing equipment current-
ly used for the CC scheme (see Table 1), i.e. the
two crushers each having a capacity of 630 kW,
with their actual productivity of 88 t/h caused
by a low content of the fractions to be crushed
in charge, it may be concluded that the specific
electricity consumption of coal concentrate pro-
cessing at the crushing and mixing site may be
reduced at least 48 times, from 14.3 kWh/t to
0.3 kWh g/t.

The use of additional screening sites in the pro-
posed process flowchart leads not only to reducing

REFERENCES

electricity consumption, but also to improving the
quality of coke due to the prevention of re-crus-
hing of the finished product and, as a consequence,
reduction in the content of 0—0.5 mm fraction,
which increases coal load density. This causes de-
creasing CRI (coke reactivity index) and growing
CSR (coke strength after reaction) of the resul-
ting coke by 3%, on average. The forced mixing of
all charge components, as foreseen in the propo-
sed process flowchart, increases the homogeneity
of the chemical composition and the physical and
mechanical properties of the resulting coke.

Conclusions

The research has shown that with the existing raw
material base and those coal concentrates that are
supplied for processing to the coal preparation fa-
cilities of coke plants, the existing conveyor lines
are low-efficient and energy-intensive. Improving
the quality of coal charge preparation for sinte-
ring and reducing electricity consumption of the
equipment may be realized through improving the
existing conveyor lines by organizing sites for pre-
screening of the finished grade 0—3 mm before
crushing followed by crushing of screened sorted
material to 0—3 mm and subsequent mixing of
the entire product on the main conveyor.

1. Danews, Ne177. URL: https://www.danieli.com/en/news/da-news.htm?lp=e (Last accessed: 13.01.2020).
2. Electricity prices for consumers. State Statistics Service of Ukraine. URL: www.ukrstat.gov.ua. (Last accessed:

13.01.2020).

3. Blaschke, W, Baic, I. (2016). Coal Mining and Coal Preparation in Poland. Czasopismo Techniczne KTT, 167—168,

40—45.

4. Loison, R., Foch, P, Boyer, A. (2014). Coke: Quality and Production. Great Britain: University Press, Cambridge. 511 p.

ISSN 2409-9066. Sci. innov. 2021. 17 (3)

75



Zaselskiy, V., Popolov, D., Zaytsev, H., and Shepelenko, M.

5. Bhattacharya Sumantra. (2009). Coking coal preparation in India: Problems and prospects. SACPS Biennial Coal. URL:
https://www.researchgate.net/profile/Sumantra-Bhattacharya-2/publication/242195497 COKING_COAL
PREPARATION_IN INDIA PROBLEMS_ AND_ PROSPECTS/links/54f813ac0cf28d6deca00661/COKING-
COAL-PREPARATION-IN-INDIA-PROBLEMS-AND-PROSPECTS.pdf (Last accessed: 12.01.2020).

6. Coke Chemist’s Handbook. (2010). (Eds. Borisova, P. N., Shapovala, Yu. G.). Harkov: Publishing House “INZHEK”. V. 1:
Coals for coking. Coal preparation. Coal preparation for coking. 536 p. [in Russian].

7. Lyalyuk, V. P, Sheremet, V. A., Kekuh, A. V., Otorvin, P. I, Pisar, S. A., Uchitel, A. D. (2010). Assessment of the degree
of homogeneity of the coal charge. Metallurgical and mining industry, 4, 18—21 [in Russian].

8. Mamon, F. D., Chernyshev, M. K., Pedan, A. A. (1961). Ways to improve the performance of hammer crushers. Coke and
chemistry, 1, 61—64 [in Russian].

9. Zashkvara, V. G. (1967). Coal preparation for coking. Moscow: Metallurgy. 339 p. [in Russian].

10. Lyalyuk, V. P, Sheremet, V. A., Kekuh, A. V,, Otorvin, P. L., Pisar, S. A., Uchitel, A. D. (2010). Organization of rational
crushing of coal charge is a way to improve the quality of coke for blast furnace smelting. Metallurgical and mining in-
dustry, 2, 48—52 [in Russian].

11. Crushers hammer reversible DMR. WEIGHT URL: https://www.tyazhmash.com/products/construction/crusher-
hammer (Last accessed: 13.01.2020).

12. Durable Hammer Mill Feed Grinder Coal Crusher Machine. EURON-Machinary & Material. URL: http://www.indus-
trialcrushermachine.com/sale-9550694-durable-hammer-mill-feed-grinder-coal-crusher-machine-125-160-m-h.html
(Last accessed: 13.01.2020).

13. Hammer Crusher. Baling machinery. URL: https://www.bailingmachinery.com/products/crusher/16.html (Last acces-
sed: 13.01.2020).

14. Popolov, D., Shved, S., Zaselskiy, 1., Pelykh, I. (2019). Studying of movement kinematics of dynamically active sieve.
Mechanics and Mechanical Engineering, 23(1), 94—97.

15. Patent of Ukraine No 122940. Uchitel A. D., Zaselskiy V. 1., Popolov D. V. Vibrating sifter.

16. Crushing and grading complex. Products. SINOVATT GORMASH. URL: https://www.sinowattmac.ru/products/Cru-
shing-Screening-Plant/8.html (Last accessed: 13.01.2020).

17. Bolshakov, V. 1., Uchitel, A. D., Zaselskij, V. I, Popolov, D. V., Uchitel, S. A., Konovalenko, V. V. Calculation of metallur-
gical machines. Equipment for roasting and sintering shops: a guide for design engineers. Krivoj Rog: Oktant Print. [in
Russian].

18. Patent of Ukraine Ne 47571. Zaselskiy V. L, Vititnov Yu. 1., Uchitel S. O. Rotary mixer with flexible cable rotor.

Received 02.04.2020
Revised 22.05.2020
Accepted 23.02.2021

B.H. 3acenvcvruii (https://orcid.org/0000-0002-7517-5433),

/I.B. Ilononos (https://orcid.org/0000-0003-0347-8627),

I JI. 3aiies (https://orcid.org/0000-0002-7909-9044),

M. I. Illenenenxo (https://orcid.org/0000-0002-5104-7074)

Hapuanbno-naykoBuii Texnosioriynuii inctutyT JlepskaBHOro yHiBepCUTETY €KOHOMIKM 1 TEXHOJIOTIH,
ByJ1. Crenana Tinbru, 5, Kpusuii Pir, 50006, [{Hinpomnerposcbka 061,

+380 56 470 1307, kminmetau@gmail.com

YIOCKOHAJEHHS TPAKTIB IIJITOTOBKU BYTIJIbHOT HINXTU
J10 KOKCYBAHHS HIJIAXOM BUKOPNCTAHHSA
CYYACHOTI'O COPTYBAJTIbLHO-3MIIITYBAJIbHOI'O OBJIAIHAHHSA

Beryn. B ymMoBax icHy040i KOH IOHKTYPH PUHKY, KOJIA TIOTIAT Ha METATYPTIHY MPOAYKIIIO 3aJUITAETHCS CTATMM ab0o 3HHU-
JKYETBCS, PO3BUTOK METATYPriitHOT rasy3i MOKJINBUI 32 PaxyHOK olTuMizailii onepariitiux Butpar. OCKiIbKN 3HAUHOIO
CKJIaZI0BOIO cOBIBAPTOCTI rOTOBOT TIPOAYKINIT € BUTPATH Ha €JIEKTPOEHEPIiIO, CePeHIN TEMIT 3pOCTaHHs I[iH Ha AKY 32 OCTAHHI
I'sITh POKiB cKyIaB 125 %, BUHNKA€e HeOOXiHICTh Y BUKOHAHHI aHaJi3y €HEePrOCIOKIBAHIIS 3 MOAAIBIIOI0 HOT0 ONITUMI3AIIE.

IIpoGaemaTuka. B zitouiii TeXHOJIOTIUHIN JiHIT BUPOOHUIITBA KOKCY HANOIIBII €HEPIrOEMHOIO TEXHOIOTTYHOIO OTIEPALIIE0
€ NoZIPIOHEHH BYTJILHOI ITUXTH, B AKiil He TepeabayeHo MoepeaHe BifciBaH s TOTOBOTO Kacy. AHaIi3 rpaHyJIOMeTPIYHO-
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IO CKJIaJly BYTLIbHUX KOHIIEHTPATIB [IOKA3aB, 10 BXi[Ha uXxTa MicTuTh jutie 12,5 % dpakiiii, siki notpedyoTh Apob/ieHHs.
3BasKaiouu 1110, BAJTOBHII MOTIK BYTiJILHOTO KOHIEHTPATY HAAXOAUTD 10 APOOAPOK, e MPU3BOAUTD 10 TOTO, 10 KOeDIil[ieHT
KOPUCHOI JIii BAKOPUCTOBYBaHUX P0oOapoK He tiepesuiitye 16—18 % Ta BigOyBacThes mepenopiOHeH st By riJibHIX KOHIIEHT-
pariB, 110 361abirye BMicT (pakiii 0—0,5 MM, sika HETaTUBHO BILIMBAE HA SIKICTh KOKCY.

Mera. Po3pobka HayKOBO-0OTPYHTOBAHUX PEKOMEHAAIIIi IIOA0 BAOCKOHANEHHS TPAKTY IiATOTOBKU BYTiJIbHOI HIUXTH 0
KOKCYBaHHsI Ta BAKOPMCTOBYBAHOTO B HUX HEOOXITHOTO 0OJIa/IHAHHST 31151 3HVKEHHS CTIOKUBAHHST €JIEKTPOCHEPTi Ta Imij-
BUINEHHS STKOCTI IOMEHHOTO KOKCY.

Marepiam it MeToau. Bukoprcrano eMinipiuyHi METOM OCAIKEHb i3 3aCTOCY BAHHAM MaTeMaTUYHOTO arapaTty 0OpoOKu
CTaTUCTUYHUX JIAHUX.

Pesyabrati. Po3po6JieHO TeXHOIOTIUHY CXeMY IMTi/ITOTOBKHU BYTiJIbHOT ITUXTH, SIKA T03BOJISIE [T IBUIIATH SIKICTh IOMEHHO-
IO KOKCY Ta 3MEHIIUTH MUTOMi BUTPATH €JIeKTPOEHePrii OPiEHTOBHO B 48 pas.

BucHosku. [TifBuieH st SKOCTI MiIrOTOBKU BYTLIBHOT IUXTH JI0 CIIKAHHS 3 O[HOYACHUM 3HUKEHHSIM eHeproBUTpar 06-
JIAJIHAHHSI, 1110 BUKOHYE 1i 11epepoOKy, MosKe OyTH peasi3oBaHO YI0CKOHAJICHHSIM ICHYIOUMX TEXHOJOTTUHUX TPAKTIB IJISIXOM
oprasizaiii ZiJITHOK TOTEPEAHBOTO BiICIBY TOTOBOTO KJIACy HePe APOOTCHHIIM.

Kunwouoesi crosa: Koke, IpobJieHHs, [POXOUEHHSI, 3MIIITyBaHHSI, €HEPrOEMHICTb.

ISSN 2409-9066. Sci. innov. 2021. 17 (3) 77



