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Abstract. Electric arc steel smelting furnace dust (EAP dust) is one of the most problematic waste in modern metallurgy from an ecological and technological
point of view due to its high dispersity, high content of zinc, lead, and other associated elements. In recent years, as a result of the increase in the share of zinc-
containing secondary raw materials in the metal charge, the amount of this dust has also increased. In this study, a hydrometallurgical method of complex processing
of PE PE dust based on sulfuric acid leaching was considered. A spent sulfuric acid electrolyte containing H2SO4 (120-160 ¢/l) and Zn (30-50 g/l) was used as the
solvent reagent. The leaching process was carried out at a temperature of 60-65 °C, in a solid-liquid ratio of 1:6, for 120-240 minutes. The research results showed
that zinc-containing phases accelerate the dissolution kinetics, reduce energy consumption, and provide the possibility of effedive extraction of zinc from the solution
and subsequent obtaining the cathode metal by electrolysis. In addition, it has been substantiated that the iron-containing residue formed after leaching can be re-
turned to the steelmaking process as a charge additive. The proposed technology is a resource-saving, energy-efficient, and environmentally friendly alternative to
traditional pyrometallurgical methods of processing EAP dust. This approach serves the implementation of the principles of a circular economy through the processing
of metallurgical waste, the restoration of zinc, and the return of iron components to production.

Keywords: electric arc furnace dust, zinc, hydrometallurgy, sulfuric acid leaching, electrolysis, secondary resources, comprehensive processing.

FTMOPOMETANNYPIUYECKASA NMEPEPABOTKA MblJA 34N:
W3BNEYEHUE LUNHKA U PELIUKNUHI XENE3OCOOEPXALLEIO
OCTATKA B CTANENNABUIIbHOM NPOMU3BOACTBE

WnxamoB M.A.1, MyHocu6og LL.M.2, MaTkapumog C.T.3, Makcynos LL.A3

t Anmanbikckuin ounman HATY MACWC, Pecnybnuka Y3bekucra
2T"Y Hay4HO-NpaKT4eCKMil LEHTP MO Pa3BUTUIO TOKANU3aLMm 1 NPOMBILLIIEHHON KoonepaLui B FOPHO-METannypriuyeckoil MPOMbILLNEHHOCTH NpK
MwHuCTEepCTBE ropHO-A06bIBAIOLLEN MPOMBILLIIEHHOCTH U reonoriu, Pecnybnuka Y3bekuctan
3 TalLKeHTCKWIA TOCYAPCTBEHHbINA TEXHUYECKUIA yHUBepcuTeT, Pecnybnmuka Y3bekuctaH

Annomayus. [binb 3nekmpodyzosoli cmanennasunsHol neyu (JClI) sensemcs 00HUM U3 Hauboee 3KoNo2UYecKU U MexHonoauyecku npobremHbIx omxo-
008 8 COBPEMEHHOU MemarTypauu U3-3a 8bICOKOU AUCNEPCHOCMU, 8bICOKO20 COOepXaHUs YUHKa, C8UHUA U Opyaux conymcmeyroujux aremMeHmos. B nocrnedHue
20061 8 pesynbmame ygenuyeHus: 00U YUHKCOOepxXauje20 8MopUYHOR0 ChbIpbs 8 MEMAIUYeCcKol Wuxme ysenuyusaemcs U Koiuyecmao amoll nbinu. B 0aHHol
uccriedosamensckol pabome paccmMompeH eudpomemaniiypaudeckuti Memod KomniiekcHouU nepepabomku nbinu 313, 0CHO8aHHKIU Ha CEPHOKUCTOMHOM 8biena-
yugaHuu. B kayecmee pacmeopsirowe2o peazeHma ucnob308anu ompabomanHbIl CepHOKUCTbIU snekmponum, codepxauiutl H2SO4 (120-160 2/n) u Zn (30-50 &/
). lpoyecc ebiwenaqusaHus npogodunu npu memnepamype 60-65 °C, 8 coomHoweHuu meepdoe-xudkoe 1:6, 8 meyerue 120-240 muHym. Pe3ynbmamsi uccre-
0ogaHus nokasanu, Ymo YuHkcodepxauwjue hasbl UHMEHCUCDULUPYIOM KUHEMUKY PacmeOopeHusi, CHUXawm 3Hepeo3ampamsl U obecnequsarom 803MOXHOCMb
3¢hehekmuUBHO20 U3BMEYEHUS YUHKa U3 pacmeopa ¢ nocrnedyrowuM nosydeHueM KamoOHo20 Memarnna anekmposnu3om. Kpome mozo, 06ocHosaHa 803MOXHOCb
8038pama xene3ocodepxauieso ocmamka, obpasyloweeocs nocre ebiujenayugaHus, 8 kadecmse dobasku K Wuxme 8 npouecce 8binnasku cmanu. [pednacaemas
MmexHomMoaUs S18/Iemcs Pecypcoctepezarlyum, 3HeP203H(hEKMUBHBIM U 3KOI02UYECKU YUCMbIM albmepHamueHbIM PEWEHUEM NO COABHEHUIO ¢ MPadulj UOHHKIMU
nupomemarnmnypaudyeckumu memodamu nepepabomku nbinu 3I13. JaHHbIl no0xod cryxum peanusayuu NPUHLUNO8 LUPKYISPHOU 3KOHOMUKU nymeM nepepabomku
mMemarnnypauyeckux 0mxo0o8, 80CCMaHOBMEHUS LUHKa U 8038pama Xefe3HbIX KOMNOHEHMO8 8 NPou3godcmeo.

Kntoyesnle cnoea: nbiib 31ekmpody20800 NeYU, YuHK, eudpoMemariypeusi, CEPHOKUCTOMHOE 8blljeayugaHue, 3IeKmposu3, 8mopuYHble Pecypcbl, KOM-
nnexcHas nepepabomka.
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PO‘LAT ERITISH PECHI CHANGLARINI GIDROMETALLURGIK
QAYTA ISHLASH: RUXNI AJRATIB OLISH VA TEMIR TARKIBLI
QOLDIQ MAXSULOTLARDAN QAYTA FOYDALANISH

lixamov M.A.!, Munosibov Sh.M.2, Matkarimov S.T.3, Maksudov Sh.A.3

T MTTU MISIS Olmaliq filiali, O‘zbekiston Respublikasi
2Tog"-kon sanoati va geologiya vazirligi huzuridagi Tog'-kon sanoatida mahalliylashtirish va sanoat kooperatsiyasini rivojlantirish ilmiy-amaliy markazi DM,
O‘zbekiston Respublikasi
3Toshkent davlat texnika universiteti, O‘’zbekiston Respublikasi

Annotatsiya. Elektr yoyli po ‘lat eritish pechi changi (EYPE changi) yuqori dispersligi, tarkibida rux, qo rg ‘oshin va boshqa yo ‘ldosh elementlarn-
ing ko'pligi sababli zamonaviy metallurgiyada ekologik va texnologik jihatdan eng muammoli chigindilardan biri hisoblanadi. So'nggi yillarda metall shixtasida rux
saglovchi ikkilamchi xomashyolar ulushining ortib borishi natijasida ushbu chang migdori ham ko‘paymoqda. Mazkur tadgiqot ishida EYPE changini kompleks qayta
ishlashning sulfat kislotali tanlab eritishga asoslangan gidrometallurgik usuli ko'rib chigildi. Erituvchi reagent sifatida tarkibida H,SO,, (120160 g/l) va Zn (30-50 g/l)
bo'lgan ishlatilgan sulfat kislotali elektrolit qo‘llanildi. Tanlab eritish jarayoni 60-65 °C haroratda, qattiq-suyuqlik nisbatida 1:6, 120-240 daqiga davomida olib borildi.
Tadqiqot natijalari rux tarkibli fazalarning eritish kinetikasini jadallashtirishi, energiya sarfini kamaytirishi hamda ruxni eritmadan samarali ajratib olish va keyinchalik
elektroliz orqali katod metallini olish imkoniyatini ta’'minlashini ko'rsatdi. Bundan tashqari, tanlab eritishdan keyin hosil bo‘ladigan temir tarkibli qoldigni po‘lat eritish
jarayoniga shixta qo'shimchasi sifatida qaytarish mumkinligi asoslandi. Taklif etilayotgan texnologiya EYPE changini qayta ishlashning an’anaviy pirometallurgik
usullariga nisbatan resurs tejamkor, energiya jihatdan samarali va ekologik toza mugqobil yechim hisoblanadi. Ushbu yondashuv metallurgiya chiqindilarini qayta

ishlash, ruxni qayta tiklash va temir komponentlarini ishlab chiqarishga qaytarish orqali aylanma iqtisodiyot tamoyillarini amalga oshirishga xizmat qiladi.
Kalit so‘zlar: elektr yoyli pech changi, rux, gidrometallurgiya, sulfat kislotali tanlab eritish, elektroliz, ikkilamchi resurslar, kompleksqayta ishlash

Introduction

Modern steel metallurgy is characterized by a steady increase in
production volumes, which is accompanied by a growing amount of
industrial waste. One of the most complex and environmentally hazard-
ous types of such waste is dust from electric arc furnaces (EAF), which
is generated during the smelting of scrap metal and iron-containing
semi-finished products. According to various estimates, for every ton of
steel melted in arc furnaces, 15 to 25 kg of dust is formed, containing
zinc, lead, cadmium, chlorine, and other elements classified as hazard-
ous substances.

The problem of processing EAF dust has become particularly
relevant in recent decades due to the increase in the proportion of
galvanized scrap in the metallic charge. The zinc coating, evaporating
in the high-temperature zone of the arc furnace, concentrates in the
dust-gas phase and is captured by gas cleaning systems. As a result,
the ZnO content in the dust can reach 20-40%, and in some cases
even exceed 50%, making this waste a valuable secondary source of
zinc.

On the other hand, the direct return of EAF dust to the steelmaking
process without preliminary processing is impossible due to the accu-
mulation of zinc, which causes intensive dust formation, increases the
load on gas cleaning systems, and deteriorates the operational perfor-
mance of the furnace. Therefore, processing EAF dust to extract zinc
and return the iron-containing component is an important scientific and
technical task, having both economic and environmental significance.

Pyrometallurgical methods for processing zinc-containing dust are
the most widespread in industrial practice. A classic example is the
Waelz process, in which dust mixed with a carbon-containing reducing
agent is subjected to high-temperature treatment in a rotary kiln. Zinc
and lead are reduced and volatilized, and then captured as oxides in
the gas purification system [1-3].

Despite its relative simplicity and industrial development, the
Waelz process is characterized by a number of drawbacks, including
high energy consumption, the formation of secondary waste, and the
production of so-called "dirty" zinc oxide, which requires additional
processing.

In recent years, there has been a proliferation of proposals for
more intensive pyrometallurgical technologies, including plasma pro-

cesses (e.g. Plasmadust, Tetronics) and vacuum processing methods
(e.g. VHR process, Japan) [4-6]. These technologies have been
demonstrated to provide a high degree of zinc recovery; however, they
require significant capital investments and complex equipment, which
limits their widespread application.

The hydrometallurgical methods for processing EAF dust are
based on the conversion of zinc and associated metals into a solution
with subsequent selective extraction. The principal reagents employed
in the leaching process are solutions of sulfuric acid, ammonium chlo-
ride, acetic acid, and complexing systems [7-10].

The utilisation of NH,CI solutions in the leaching process has been
demonstrated to yield zinc extraction efficiencies ranging from 60 to 80
per cent. Nevertheless, a substantial proportion of the zinc remains in
the form of poorly soluble zinc ferrites, thereby impeding the efficacy of
the process [11]. Sulfuric acid leaching, particularly under autoclave
conditions, has been demonstrated to yield a higher degree of zinc
extraction (up to 95-98%), yet necessitates elevated temperatures and
pressures, as well as corrosion-resistant equipment [12-14].

A thorough analysis of extant literature data indicates that the
primary issue encountered during hydrometallurgical processing of
EAF dust pertains to the dissolution of ZnFe20; ferrite phases, which
exhibit stability under conventional leaching conditions. A promising
approach to solving this problem is the intensification of the process by
increasing the temperature, using preheated material, and optimising
the electrolyte composition [13-17].

Materials and Methods

The object of research was the dust from electric arc furnaces
formed during the smelting of scrap metal and hot briquetted iron. The
dust is characterized by high dispersity, developed specific surface
area, and complex phase composition (Table 1).

The majority of zinc is present in the form of oxide and ferrites,
while iron is predominantly in oxide phases, creating conditions for
selective extraction of zinc using hydrometallurgical methods.

The proposed method for processing electric arc furnace (EAF)
dust consists of the following main stages: feeding hot dust into a
leaching reactor; sulfuric acid leaching of zinc; separation of the pulp
into solid and liquid phases; multi-stage purification of the resulting
electrolyte; electrolytic production of cathode zinc; and recycling of the

Mining bulletin of Uzbekistan Ne 1(104) 2026

17



18

METALLURGIYA

Table 1
Chemical composition of dust, wt. %:
Analyzed result (FP method, Scatter)
No. Component Result (mass%) Unit Stat. Err. LLD LLQ
1 SO3 1.73 mass% 0.0056 0.0117 0.0351
2 K20 1.95 mass% 0.0158 0.0131 0.0393
3 Ca0 33.8 mass% 0.0527 0.0102 0.0306
4 Cr203 0.148 mass% 0.0023 0.0032 0.0096
5 MnO 1.29 mass% 0.0064 0.0060 0.0180
6 Fe203 32.1 mass% 0.0117 0.0114 0.0342
7 C0203 (0.0586) mass% 0.0068 0.0206 0.0617
8 Cu0 0.129 mass% 0.0020 0.0029 0.0088
9 Zn0 2 mass% 0.0207 0.0013 0.0040
10 Ga203 0.0402 mass% 0.0016 0.0040 0.0121
1 As203 0.0411 mass% 0.0032 0.0081 0.0244
12 Rb20 0.0142 mass% 0.0004 0.0007 0.0020
13 SrO 0.0086 mass% 0.0003 0.0004 0.0013
14 Zr02 0.269 mass% 0.0035 0.0018 0.0053
15 Ag20 0.0083 mass% 0.0005 0.0006 0.0017
16 CdO 0.0655 mass% 0.0013 0.0027 0.0082
17 Sn02 0.0556 mass% 0.0012 0.0006 0.0017
18 BaO 0.0431 mass% 0.0016 0.0028 0.0085
19 Ir203 0.0451 mass% 0.0026 0.0072 0.0215
20 PbO 122 mass% 0.0045 0.0022 0.0065
21 Yb203 0.0248 mass% 0.0023 0.0057 0.0170
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cps/mA
X 800 X 4000 X 2000 X20
1 s | o2 CRIE FET S8 ¢ 28 ¢
% Xa L E & cd SE@ g , e & @
0.8 5 ro\ ;c(.) o= =1 ONGO < 75 &7 m
2% 83|23 3 3 3
= 8O Lo 0e @ a o
20648 > NO 177 @ > a
“" |
£ 0.4+
0.2+ l
00 ! L AJAA LA 188
* U T T T T L L T I 1 I L I T T T T
15202530 40 50 60 70 6 8 10 12 14 20 25 30 35
RX9 Cu Mo Al keV

Fig.1. Spectral analysis of primary samples

iron-containing residue back into the steelmaking process.

A distinctive feature of the technology is the use of hot dust at a
temperature of 200-300°C, which is fed into a tank with mechanical
stirring without preliminary cooling.

The leaching agent used was spent sulfuric acid electrolyte con-
taining:

H2S04 - 120-160 g/l;

Zn - 30-50 g/l.

The leaching process was carried out under the following condi-
tions: a temperature of 60-65 °C, a solid-to-liquid ratio of 1:6, and a
leaching duration of 120-240 min.

Based on the data presented in Table 2 and Figure 3, it can be
seen that as a result of the initial leaching, the degree of iron and zinc
leaching increased by 47-50%. By controlling the sulfuric acid concen-
tration, it is possible to ensure high efficiency of the process.

These conditions ensure sufficient aggressiveness of the medium
for the dissolution of ZnO and partial decomposition of zinc ferrites
without significant transfer of iron into the solution.

After leaching, the electrolyte was purified from impurities in three
successive stages: hydrolytic purification to precipitate iron and alumi-
num; cementation for the removal of copper, cadmium, and lead; and
final chemical purification to adjust the electrolyte composition to meet
the requirements for subsequent electrolysis.

O'zbekiston konchilik xabarnomasi Ne 1 (104) 2026

The purified solution was directed to the electrolysis department,
where cathode zinc was produced using standard technology. Solu-
tions containing 50-60 g/l Zn and 100-120 g/l H2SO4 were reused,
which increases the closure of the water-reagent cycle.

Fig.2. Primary samples
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Results

The results of this study confirm the possibility of using the sulfuric
acid hydrometallurgical method for the selective extraction of zinc from
the dust of the electric arc furnace (EDF), followed by electrolysis and
purification of the electrolyte. Direct use of hot dust (200-300 °C) with-
out preliminary cooling provides additional intensification of the process
and contributes to improving the kinetics of zinc dissolution. This is an
important technological feature of the proposed approach.

EDP dust is a complex technogenic material with a heterogeneous
mineralogical composition and high variability depending on the operat-
ing conditions, steel grade, and additives. While iron was mainly asso-
ciated with oxide phases, zinc in the investigated dust predominated in
oxide forms and in the structure of zinc ferrites. Since ZnO dissolves
readily in acidic environments, while iron oxides dissolve poorly in
controlled leaching conditions, this distribution promotes the selective
extraction of zinc through sulfuric acid leaching.

In the hydrometallurgical processing of EDP dust, zinc ferrite
(ZnFe04) is usually considered one of the main factors limiting zinc
extraction. Zinc ferrite has a stable spinel structure and shows low
reactivity in dilute sulfuric acid. Nevertheless, partial decomposition of
ferrites can occur under sufficiently aggressive conditions, such as
elevated temperature, optimal acid concentration, and increased con-
tact time. This increases the zinc transfer to the solution. At the same
time, proper control of leaching parameters can reduce iron dissolution;
this is important for reducing impurities during subsequent electrolyte
purification.

One of the most important results of this work is demonstrating the
intensification of leaching when hot dust is fed into a reactor with me-
chanical stirring at temperatures between 200 and 300 °C. Before
leaching, the dust is typically cooled during conventional hydrometallur-
gical processing, resulting in higher energy consumption and lower
kinetic activity. Supplying hot dust, on the contrary, quickly increases
the thermal potential of the system, reduces the time required to
achieve the desired leaching temperature (60-65°C), and improves the
mass distribution.

Increasing the temperature at the initial stage of pulp formation
leads to faster dissolution of ZnO and accelerated diffusion of reagents
and products in the liquid phase. In addition, due to the rapid cooling of
the furnace gas flow, hot dust may contain phases with higher defective
density or partially amorphous structures. This can also improve leach-
ing. As a result, the process becomes more dynamic and efficient, and
heating the pulp does not require more energy.

For the leaching of sulfuric acid, a spent electrolyte containing 120-
160 g/l H2SO4 and 30-50 g/l Zn was used. Because it maintains a more
closed water-reagent cycle and reduces fresh acid consumption, using
spent electrolyte is an important technological advantage. Under cer-
tain operating conditions (temperature 60-65 °C, solid and liquid phase
ratio 1:6, leaching duration 120-240 min), high zinc dissolution was
achieved while simultaneously limiting excessive iron transfer to the
solution.

The initial leaching stage led to an increase in the degree of zinc
and iron extraction by approximately 47-50%, as shown in Table 2 and
the spectral analysis results shown in Figure 3. This indicates that the
chosen conditions provide sufficient aggressiveness of the medium for
ZnO dissolution and partial decomposition of zinc ferrites. If this had
happened, the process would not have led to uncontrolled dissolution
of iron oxides; otherwise, the contamination of the solution would have
increased and the purification would have been more difficult.

Discussion

The results show how important it is to regulate the concentration
of sulfuric acid during leaching. In the acid concentration range from
120 to 160 g/l, zinc-containing phases dissolve well without losing iron.
When the acid concentration is insufficient, the dissolution of ZnO is not

complete, and the decomposition of ferrite is limited. Conversely, ex-
cessive acidity increases the likelihood of iron oxide dissolving and
Fe3* ion formation in the solution. This makes further purification diffi-
cult and can negatively affect electrolysis.

Thus, optimizing acid concentration is crucial for maintaining bal-
ance between zinc extraction and selectivity towards iron. The results
show that within the studied range, it is possible to achieve a high
degree of zinc extraction while maintaining the corresponding iron level
in the productive leaching solution.

To meet the requirements of electrolytic zinc production, the pro-
ductive solution required purification after leaching. Hydrolytic cleaning,
cementation, and chemical correction comprised three stages of clean-
ing. Although this multi-stage method is standard industrial practice, it
has been modified to account for the profile of impurities contained in
the dust washer of electric arc furnaces.

Iron and aluminum were removed by hydrolytic purification using
controlled sedimentation. This stage is particularly important because
the dissolved iron, especially in its trivalent form, can cause significant
problems during electrolysis, such as increased energy consumption
and a decrease in cathode quality. During hydrolysis, iron is converted
into insoluble hydroxide or basic sulfate phases, and then extracted
from the solution.

Copper, cadmium, and lead were extracted by cementation. These
impurities can alter the electrochemical behavior and reduce the purity
of cathode zinc. In the process of cementation, zinc dust is usually
used to displace more noble metals from the solution. Due to its sim-
plicity and cost-effectiveness, this method is effective and widely used.

The final stage of chemical purification led to a change in the elec-
trolyte composition, maintaining the concentrations of sulfuric acid and
zinc within the optimal range for electrolysis. The final composition of
the electrolyte stabilized to approximately 50-60 g/l zinc and 100-120 g/
| H2S04, which is suitable for obtaining zinc as an electrolyte.

In the electrolysis shop, the purified electrolyte was used to pro-
duce cathode zinc in the usual manner. The main advantage of the
proposed processing method is the reuse of solutions containing 50-60
g/l zinc and 100-120 g/l H2SOs. Electrolyte recirculation reduces the
amount of water and reagents, making the process more efficient and
reducing wastewater. Using the spent electrolyte as a leaching agent, it
is possible to create a partially closed cycle. This meets modern stand-
ards for sustainable metallurgical processing.

The production of cathode zinc is proof that the purification strate-
gy effectively reduces the concentration of impurities to levels that meet
the requirements of industrial electrolysis.

After leaching, the solid residue mainly consists of iron oxides with
a low zinc content. This residue is valuable because it can be reused in
steel production as a shixta additive. This type of disposal offers two
main advantages. Firstly, this reduces waste accumulation and facili-
tates the cyclical use of by-products from metallurgical production.
Secondly, since iron is not lost in tailings, the return of iron-containing
residue increases the overall material efficiency of steel plants.

Low zinc content is necessary when smelting steel, as it can cause
operational problems such as wear and tear of refractories and in-
creased zinc circulation. The results show that the proposed leaching
conditions ensure sufficient zinc removal. This allows for the pro-
cessing of residues without affecting the steelmaking process.

Overall, it is shown that the hydrometallurgical method is effective,
intensifies processes, and is environmentally safe. Using hot dust re-
duces energy losses and requires no cooling. The cost-effectiveness
and consumption of fresh acid increase when using spent electrolyte.
Multi-stage purification provides high-quality electrolyte suitable for
electrolysis. Finally, processing the iron-containing residue brings addi-
tional technological and environmental benefits.

The overall results show that the developed technology can be
useful for industrial implementation, especially in integrated steel plants
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that seek sustainable solutions for dust control in electric arc furnaces
and zinc extraction.

Conclusion

This study developed and demonstrated an effective hydrometal-
lurgical technology for processing dust from electric arc furnaces
(EDF). The purpose of this research is to maximize zinc extraction and
ensure the return of iron-containing residue during the steel production
process. Sulfuric acid leaching of zinc-containing phases precedes
multi-stage purification of the electrolyte, followed by the electrolytic
production of cathode zinc. Due to the mineralogical distribution of
metals, where zinc is mainly present in the form of zinc oxides and
ferrites, and iron is mainly present in the oxide phases, the obtained
results confirm that EDP dust is a promising secondary raw material
for zinc extraction.

The developed technology is distinguished by the direct use of hot
dust at a temperature of 200 to 300 degrees Celsius, which is supplied
to the leaching reactor with mechanical mixing without preliminary
cooling. By utilizing the heat potential of the dust, this technological
solution contributes to the intensification of the process and the reduc-
tion of total energy consumption. The results showed that the use of
hot dust significantly accelerates the leaching kinetics due to in-
creased diffusion and chemical reactions. This allows for improved
zinc dissolution under moderate technological conditions.

For leaching, a spent sulfuric acid electrolyte containing 120-160
g/l H2SO4 and 30-50 g/l Zn was used. Because this method reduces
the need for fresh acid and promotes a more closed water-reagent
cycle, it saves money and the environment. The ideal conditions for

leaching are a temperature of 60-65 °C, a solid to liquid ratio of 1:6,
and a leaching time of 120-240 minutes. At these parameters, the
medium aggressiveness allowed for the effective dissolution of ZnO
and partial decomposition of zinc ferrites, and the excessive transfer of
iron into the solution was limited. Based on the chemical and spectral
analysis of the solid residue after leaching, it was found that the de-
gree of zinc and iron extraction increased by approximately 47-50% at
the initial leaching stage. This indicates the effectiveness of the cho-
sen conditions.

The next step was the successful purification of the productive
leaching solution in three stages. Iron and aluminum were purified
hydrolytically, cementation was used to remove copper, cadmium, and
lead, followed by the final chemical adjustment of the electrolyte com-
position. This purification sequence allowed for obtaining a high-
quality electrolyte that meets the requirements for obtaining zinc as an
electrolyte. The electrolysis was carried out using standard industrial
practice, resulting in the production of cathode zinc and the formation
of solutions containing 50-60 g/l Zn and 100-120 g/l H2SO4. During the
process, these solutions were reused. The recirculation of electrolyte
solutions improves the closed nature of the technological cycle and
reduces the amount of wastewater.

The main result of the proposed technology is the formation of an
iron-containing residue with a low zinc content. This residue can be
used in steel production as a mixture additive without harming the
technological process. This quality helps maintain the principles of a
circular economy, as it reduces the amount of waste generated and
guarantees the efficient use of by-products from metallurgy.
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