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Abstract. Distribution of oil from oiled scale between various types of waste from blast furnace dedusting plant: dust, sludge, and slime water was esti-
mated by physical modeling using a vertical tubular electric furnace. According to the mathematical modeling of thermal state of a metal container
with oiled scale, intensive evaporation of oil in a blast furnace begins after it is loaded and lowered along the shaft to a depth approximately corres-
ponding to three feeds. The oil was passed through a layer of sinter and pellets of the Mikhailovsky GOK heated to 500 °C with a mass of 0.6 kg and
a particle size of 10 — 12 mm. Together with oil vapors, finely ground material was injected into the layer of iron ore raw materials (IORM), which
imitated in component and fractional composition a mixture of blast furnace dust and sludge from a vacuum filtration plant (VFC) of blast furnace
shop, taken in a ratio of 36:64. The physical modeling ensured compliance with the actual gas-dynamic mode in the area of blast furnace ore ridge,
based on equality of the Reynolds criterion. The value of this criterion, equal to 215, was achieved in the laboratory model when argon was supplied
with a flow rate of 70 L/min. According to the experimental results, distribution of oil was, % of the initial amount: 74.8 % decomposed on the IORM
layer corresponding to three feeds; 9.1 % turned into blast furnace dust; 15.9 % turned into VFC sludge; there was no oil in the wet gas purifica-
tion water; 0.2 % (30 mg) of the oil underwent wet dedusting in the form of an aerosol; a small amount of soot was observed on the pipeline walls.
Gas phase of oil decomposition contained: 70 —90 % H,; 1.5 % CO; 0.5 - 7.0 % CO,; 3.2 -22.2 % CH,; 0.1 - 2.5 % X(C,H,, C,H, C,H,, C;H).
The content of benzo(a)pyrene controlled in Russia in oil vapor did not exceed 0.00058 %.
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AHHOmayus. Ou3NYecKUM MOJICINPOBAHUEM C HCIIOIB30BAHUEM BEPTUKAIBHON TPYOUaTol SJIEKTPOIEYH OLCHWIIM PaclpesielieHHe Macia U3 3amac-
JICHHOW OKaJIMHBI MEK/Ty Pa3TMYHBIMU BUAAMH OTXOIOB I'a3004MCTKU JJOMEHHOTO IPON3BOJICTBA: IIBUIBIO, IIIJITAMOM M IIUIAMOBOH Booi. CortacHo
MaTeMaTH4eCKOMY MOJEIUPOBAHHUIO TEIJIOBOTO COCTOSHMSI METAJUIMYECKOro KOHTEHHepa ¢ 3aMacieHHOW OKAaJIMHOM MHTEHCHBHOE HCIApeHUe
Macja B JJOMEHHOI! ITe4y HAaYMHACTCS TIOCIIE €T0 3arpy3KH M OITyCKaHMS BJIOJIb IIAXThl HAa NIyOHHY, IPUMEPHO COOTBETCTBYIOIIYIO TPEM IT0Ja4aM.
Macno npomyckanu uepe3 Harpetbiii 1o 500 °C cnoii armomepata u okarbimeii Muxaitnosckoro 'OK maccoit 0,6 KT U KpyITHOCTBIO YaCTHIL
10 — 12 mM. Bmecre ¢ mapamu Macia B cioit skenezopyaHoro ceipbsi (JKPC) mopmaBamu (BayBain) TOHKO M3MENBYCHHBIM Marepuall, HMUTHPO-
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BABIINH 110 KOMIOHEHTHOMY M ()paKIIHOHHOMY COCTaBaM CMECh KOJIOITHUKOBOM IBUIN U LIJJAMOB BaKyyMHOH (pMIBTpOBabHOM yecTaHoBkH (BDY)
JOMEHHOTO IPOHU3BOJCTBA, B3ATHIX B COOTHOIICHHH 36:64. du3nueckoe MOAEINPOBaHUE 00ECIICIUBAIIO COOTBETCTBUE (haKTUUECKOMY Ta30QMHA-
MHYECKOMY PEXHMMY B 30HE PYIHOTO I'peOHsl JOMEHHOH IeuH, UCXO/sl U3 paBeHCTBa KpuTepusi PeliHonbca. 3HaueHHe 3TOro KpUTEpHsi, paBHOE
215, O6bII0 JOCTUTHYTO B 1a0OPATOPHOI MOJIENH MpH TToaue aproxa ¢ pacxogom 70 n/muH. [1o pesynsraram SKCIiepIMEHTa pacipeaeieHne Macia
cocTaBmio, % oT ucxoxHoro konmuectsa: 74,8 % paznoxuinock Ha cioe JKPC, coorBeTcTByoIeM TpeM noxadam; 9,1 % mepenuio B KOJIOIHU-
KOBYIO TIbLIB; 15,9 % mepemuno B muam BOY; B Boge MOKpo# ra3o0uucTKH Maciio orcyTcTBoBaiio; 0,2 % (30 Mr) macia npoxXoguiao MOKPYIO
ra3004MCTKy B (popMe adpo30iist; Ha CTEHKaX TPyOOIpoBosa HAOIIOAaI0Ch HE3HAUUTEIILHOE KOJIMYECTBO caxu. ['azoBast (aza mporeccos pasio-

JKeHus Macia cozepxana: 70 — 90 % H2;

1-5% CO0;0,5-7,0% CO,; 3,2-22,2 % CH,; 0,1 - 2,5 % X(C,H

C,H

4> 2lteo

C.H

JHg, C3H8). Coneprxanne

KoHTposmpyemoro B Poccun Gen3o(a)nupeHa B mapax macia He npesbiimano 0,00058 %.

Kawueswle cno8a: yTuausanusa TEXHOTCHHBIX OTXO/10B, 3aMacCJICHHAas OKaJInHa, METO/bI nepepaGOTKu, HcnapeHue Macia, 10OMCHHas 1e4b

/Jlns yumupoeaHus: Xapuenko A.C., CoicoeB B.1., Cubararymun C.K., [3106a A.B., CaBunos A.C., Xapuenko E.O. MozenupoBanue pacmpesie-
JICHUSI KOMIIOHCHTOB, BBIACIIUBIINXCS U3 3aMacJICHHOM OKaJIMHBI, MEXKAY BOAO-Ia30-IIbIEBBIMU CpE€laMU CUCTEMBI I'a3009HUCTKH L[OMGHHOI71 TICYH.
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[ INTRODUCTION

Improving the environmental performance of ferrous
metals production and processing increasingly rely on
recycling technogenic waste back into production [1; 2].
Among the most valuable iron bearing waste products
generated at ferrous metallurgy plants is oiled scale from
rolling mills [3 — 5]. This material consists almost entirely
of'iron oxides (with an iron content of 69 — 72 %) and con-
tains virtually no gangue [6; 7]. Two main types of roll-
ing scale are distinguished, differing in particle size and
oil content. The coarse fraction (+2 mm), which accounts
for up to 70 — 80 % of the total scale, contains less than
3 % oil and can be effectively used in the sinter burden.
The fine fraction (particles smaller than 100 pm) con-
tains a much higher oil content (up to 20 — 30 %), which
makes its use in sintering more problematic. During sin-
tering of a burden with elevated oil content, unburned
oil residues evaporate, forming explosive mixtures in
the oxidizing zones of the sinter machine gas tract. After
condensation, the oil contaminates the exhauster blades,
reducing their service life [8].

Alternative utilization methods for oiled rolling
scale include preliminary chemical treatment (wash-
ing with alkali and surfactant solutions) [9; 10] or pre-
liminary thermal treatment (rotary kilns, thermostats,
mixers) [11; 12]. The de oiled product is then pro-
cessed through sintering [14; 15] or briquetting [16].
However, these approaches have not been implemented
on an industrial scale due to techno economic constraints,
and the problem remains unresolved.

A more recent alternative to the multistage and costly
preparation of oiled scale for blast furnace smelting — via
sintering or briquetting with prior de oiling — is the direct
charging of oiled scale into the blast furnace [17; 18].
According to a patented method [17], instead of using
low strength briquettes, oiled scale can be placed
in a metallic container designed to melt at temperatures
of at least 1500 °C. This approach requires minimal addi-
tional equipment, shortens preparation time, eliminates
the need for separate storage and disposal of extracted
organic compounds, and avoids the purification of con-

taminated circulating water. However, when granulated
oiled scale is charged into the blast furnace, incomplete
decomposition of oil vapors passing through the burden
may complicate the operation of the furnace dedusting
system [19]. Therefore, it is important to evaluate how
the oil contained in oiled scale affects the composition
of blast furnace dust, VFC sludge, slime water, and
the formation of the gas phase in blast furnace off takes.

[ MATERIALS AND METHODS

In this study, the distribution of oil among various
types of blast furnace dedusting wastes (dust, sludge,
and slime water) was investigated by physical model-
ing in a vertical tubular electric furnace. A heated layer
of sinter and pellets from the Mikhailovsky GOK, with
a particle size of 10 — 12 mm and a mass of 0.6 kg, was
successively charged together with a mixture that repro-
duced, in component and fractional composition, blast
furnace dust and sludge from the vacuum filtration plant
(VFC) in a ratio of 36:64.

The iron ore raw materials (IORM) were placed in
the isothermal zone of the furnace. Their mass was deter-
mined from calculations of the amount of material located
above the horizon of intensive oil evaporation in the fur-
nace. According to mathematical modeling of the thermal
state of a metal container with oiled scale, intensive oil
evaporation in the blast furnace begins after the container
is charged and lowered along the shaft to a depth cor-
responding to approximately three feeds. Consequently,
the oil vapors pass through a layer of IORM roughly
equal in height to three feeds [20 — 22].

To generate a gas flow in which mixing of dust and
oil occurred, high grade argon (99.987 %) in accor-
dance with GOST 10157-2016 was supplied at a rate
of 70 L/min. This provided a Reynolds criterion value
corresponding to the actual gas dynamic mode in the bur-
den ridge zone of the blast furnace. At the furnace outlet,
a bottle for “dry” dust collection was installed to simu-
late the cyclone dedusting unit, followed by a bottle with
water for “wet” sludge collection, representing wet gas
purification in scrubbers (see Figure).
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The parameters of gas and material movement in
the laboratory installation were modeled to reflect
the following blast furnace operating conditions:

— average daily IORM consumption — 6278 t;
— pellet share in IORM — 36 %;

—average daily consumption of oiled scale (1 %
of IORM mass) — 63 t;

— average daily pig iron production — 3798 t;

— average daily top gas generation — 7,139,563 nm?;
— oil content in oiled scale — 15 %;

— oil mass in oiled scale — 9.4 t;

— water content in oiled scale — 10 %;

— water mass in oiled scale — 6.3 t;

— IORM mass per feed — 39 t;

— blast furnace dust yield — 4.6 kg/t hot metal;

Gas inlet

|8 0(0l0,0(0/0 0/00 000 000000 |

Output
to the gas meter

Scheme of experimental installation for physical modeling of the effect
of oil on composition of blast furnace dust, sludge and water:
1 — dust bunker; 2 — oil bunker; 3 — laboratory electric tubular furnace;
4 — layer of iron ore raw materials; 5 — bottle for “dry” dust collection;
6 — bottle for “wet” sludge collection

CxeMma HSKCHepUMEHTaIbHOH YCTaHOBKHU JUlsl (PU3MYECKOTO
MOJICIIUPOBAHUS BIMSAHUA Macia Ha COCTaB KOJOUTHUKOBOM MBUIH,
1I1aMa v BOJbI:

1 — pe3epByap ¢ IbUIBIO; 2 — pe3epByap C MaclioM;

3 — naboparopHas JeKTpUUecKas TpyodaTas rnedb;

4 — cnoii )Kene30pyIHOTO ChIPbS;

5 — eMKOCTb JUISl «CYXOT'0» YIIaBIMBAaHUS TbLIH;

6 — €MKOCTb C BOJIOH /IS «MOKPOT0» YIaBIMBAHUSA HIIaMa
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— VFC sludge yield — 8.1 kg/t hot metal.

The component composition of dust used in the labo-
ratory experiments was as follows:

1. Blast furnace dust (36 % of total mass):

— fractional composition: 10 % of class 1 — 3 mm and
90 % of class 0 — 1 mm;

— component composition:

— 75 % IORM mixture (64 % sinter and 36 % pel-
lets);

— 25 % coke dust.
2. Sludge fraction (64 % of total mass):
— fractional composition: 100 % of class 0 — 0.2 mm;
— component composition:

— 75 % IORM mixture (64 % sinter and 36 % pel-
lets);

— 25 % coke dust.

During the study, gas samples were taken and analyzed
for the content of monoatomic, diatomic, and triatomic
gases, as well as light hydrocarbons, using a Chromatec
Crystal 5000 gas chromatograph system. For analysis,
a packed column HayeSep Q (3 m) and a packed column
NaX (3 m) with a Carboxen precolumn (0.5 m) were
employed.

Oil samples were also taken to determine the content
of seven polynuclear aromatic hydrocarbons (PAHs) —
fluorene, phenanthrene, anthracene, fluoranthene, pyrene,
chrysene, and benzo[a]pyrene — included in the list
of 16 PAHs classified by the US Environmental Pro-
tection Agency (US EPA) as priority pollutants. Chro-
matographic analysis of the oil was carried out using a
capillary column CR-5ms (5 % diphenyl/95 % dimethyl
(polysiloxane)), 30 m x 0.32 mm X 0.25 pm.

B ResuLts

Calculated parameters of the laboratory study:

Oil mass for simulating vapor filtration through

the IORM layer, corresponding to one feed, g 0.3
Gas volume required for one feed, based on the oil

vapor fraction in blast furnace top gas, L 228
Duration of oil injection corresponding to one feed, min 3
Dust mass loaded into the laboratory installation
corresponding to one feed, g 1.5
Reynolds number, Re 215
Number of feeds in the laboratory installation 50

To determine the oil content, thermogravimetric ana-
lysis was performed on the collected dust and sludge
samples by heating them in an argon atmosphere. Weight
losses were 5.2 % for dust and 4.9 % for sludge. With
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a dust-to-sludge ratio of 36:64, the overall oil content in
the samples after testing was 5.0 %.

Water evaporation from bottle 6 after the experiment
showed no significant oil in the aqueous phase. The oil
aerosol concentration after wet scrubbing was determined
from a vapor—gas sample collected with an NP ZM samp-
ling pump in accordance with GOST R 51945-2002,
using indicator tubes for oil aerosols.

Based on the laboratory experiments, the oil distribu-
tion was as follows (percent of the initial oil content):

—74.8 — decomposed in the IORM layer equivalent
to three batches;

— 9.1 — transferred to blast furnace dust;
— 15.9 — incorporated into vacuum filtration sludge;

—0.2 (30 mg) — passed through wet gas cleaning as
aerosol.

A small amount of soot was observed on the inner
walls of the pipeline during the experiments. No oil
was detected in the wet gas purification water, indica-
ting that nearly all of it was adsorbed by suspended fine
coke dust particles, which were subsequently filtered,
dried, and incorporated into the vacuum filtration sludge.
Under industrial conditions, this process would simplify
the treatment of recirculating water.

The chemical composition of the gas phase con-
taining oil decomposition products was also ana-
lyzed. Across different gas samples, the concentrations
of the main components were within the following
ranges: 70-90%H,; 1-5% CO; 0.5-7.0% CO,;

29
32-222%CH,; 0.1-2.5%%(CH,, CH, CH,

2ty
C,H). The formation of these gas components is asso-

ciated with three main oil decomposition pathways:

1 — (catalytic) dehydrogenation of oil hydrocarbons
with cleavage of C—H bonds, producing hydrogen gas
and unsaturated compounds prone to polymerization and
oxidation. This process is promoted by calcium, iron, and
manganese oxides;

2 — (catalytic) cracking of oil hydrocarbons with clea-
vage of C—C bonds, producing lower molecular weight
hydrocarbons, including gaseous hydrocarbons such as
methane, ethane, propane, and butane. This process is
strongly promoted by complex silicates and alumino-
silicates in the agglomerate binder, such as pyroxenes and
olivines.

3 — reduction of iron oxides with the formation of CO
and CO,, which is intensified at higher temperatures and
when using iron ore raw materials with higher reducibi-
lity.

Analysis of oil samples for polynuclear aromatic
hydrocarbons (PAHs) showed that the concentration
of benzo[a]pyrene, which is regulated in Russia, did not
exceed 0.00058 % in oil vapors.

- CONCLUSIONS

An experimental assessment was conducted to evalu-
ate the distribution of oil from oiled scale among diffe-
rent types of blast furnace dedusting plant — dust, sludge,
and slime water — through physical modeling in a verti-
cal tubular electric furnace. A mixture of sinter and pel-
lets of the Mikhailovsky GOK (particle size 10 — 12 mm,
mass 0.6 kg) was used to simulate, in terms of compo-
nent and particle-size composition, blast furnace dust
and vacuum filter sludge in a 36:64 ratio. When passing
through a layer of iron ore raw materials (IORM) heated
to 500 °C, 74.8 % of the oil decomposed within the [ORM
layer corresponding to three feeds; 9.1 % was transferred
to blast furnace dust; and 15.9 % entered the vacuum fil-
ter sludge. Only 0.2 % of the oil underwent wet dedusting
in the form of an aerosol, while no oil was detected in
the wet gas purification water.

The gas phase of oil decomposition con-
tained 70-90%H,; 1-5%CO; 0.5-7.0% CO,;
32-222%CH,; 0.1-25%ZX(CH,, CH, CH,

C;Hy). A small amount of soot was observed on the pipe-
line walls, suggesting the possibility of soot deposition in
blast furnace off-gas ducts.

Characteristics and content of polynuclear aromatic hydrocarbons in the oil vapor condensate sample

XapakTepHCTHKH U COep:KaHHe NOJUsIePHBIX ADOMATHYECKHX YIVIEBOAOPOOB B IIP00e KOHJeHCATa IapOB MACJIa

Substance Fluorene | Phenanthrene | Anthracene | Fluoranthene | Pyrene | Chrysene | Benzo[a]pyrene
Molecular formula CH,, C,H, C.H, C,H, C,H, CH,, C,H,,
Molecular weight, a.u. 166 178 178 202 202 228 252
Boiling point, °C 294 340 340 382 402 448 495
e IS N T O T
Content in sample, % 8.0-10° 5.6:1072 - 7.9-10° 7.2:107% | 3.0-107* 5.8-107*

“IARC — International Agency for Research on Cancer.

335



N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2025;68(4):332-338.
Xapuenko A.C, Coicoes B.H. u dp. MoziepoBaHye pacnpezieseHns KOMIOHEHTOB, BbIZIEJIMBLUINXCS U3 3aMaCl€HHOW OKaJIUHBI ...

[ REFERENCES / CNUCOK IUTEPATYPbI

1.

336

Rovin S.L., Rovin L.E. New concept of recycling of dispersed
iron-containing waste. In: Proceedings of the X Int. Sci. and
Pract. Conf. “Progressive Casting Technologies”, Moscow,
November 9—13, 2020. Moscow: Maska; 2020;238-243. (In
Russ.).

Posun C.JI., Poun JI.E. HoBas koHuenuusi perukinHra
JTUCTICPCHBIX JKEJIE30COACPKAIINX OTX0M0B. B kH.: Tpyosl
X MeoswcoyHapoOHoll HayyHO-NPAKMU4eckol KoHghepeHyuu
«Ilpoepeccuenvie numetinvie mexnonoeuuy, Mockea, 9—13
Hos0ps 2020 2. Mocksa: Macka; 2020;238-243.

Bulatov K.V., Gazaleeva G.I. Prospects for development
of the technologies for recycling of ferrous metallurgy waste.
In: Fundamental Research and Applied Developments of Pro-
cesses of Processing and Utilization of Technogenic Forma-
tions: Proceedings of the V Congress with Int. Participation and
the Conf. of Young Scientists “TECHNOGEN-2021". Yekat-
erinburg: UB RAS; 2021:21-33. (In Russ.).
https://doi.org/10.34923/technogen-ural.2021.60.16.003

bynaroB K.B., T'azaneeBa I'U. IlepcnextuBsl pa3BuUTHS
TEXHOJIOTUH MepepabOTKH OTXOIOB YEPHOI METaJTyprHH.
B kH.: @yHoamenmanvuvie ucciedosanus u NPUKIA-
Hble pazpabomKu npoyeccos nepepadomku u Ymuiu3da-
yuu mexnoceHnvlx obpazosanuil: mpyovt V Komepecca ¢
mexcOyHapoonvim yuacmuem u Konghepenyuu monoowix
yuenvix « TEXHOI'EH-2021». Exarepun0Oypr: YpO PAH;
2021:21-33.
https://doi.org/10.34923/technogen-ural.2021.60.16.003
Leont’ev L., Ponomarev V., Sheshukov O. Recycling and
disposal of industrial waste from metallurgical production.
Ecology and Industry of Russia. 2016;20(3):24-27. (In
Russ.). https://doi.org/10.18412/1816-0395-2016-3-24-27

JleontreB JI., [lonomaper B., lllemyxo O. Ilepepaborka
M YTHIM3AIHMS TEXHOTCHHBIX OTXOJ0B METAJLUTypPTrHYECKOTO
NIPOM3BOICTBA. DKonocusi u npomvliuiiennocms Poccuu.
2016;20(3):24-27.
https://doi.org/10.18412/1816-0395-2016-3-24-27

Remus M., Monsonet M.A.A., Roudier S., Sancho L.D.
Best Available Techniques (BAT) Reference Document for
Iron and Steel Production. Luxemburg: Publications office
of the European Union; 2013:627.

Yessengaliev D., Mukhametkhan M., Mukhametkhan Ye.,
Zhabalova G., Kelamanov B., Kolesnikova O., Shyngys-
bayev B., Aikozova L., Kaskataeva K., Kuatbay Y. Studies
of the possibility of improving the quality of iron ores and
processing of technogenic composite iron-containing waste
of metallurgical production. Journal of Composites Science.
2023;7(12):501. https://doi.org/10.3390/jcs7120501
Furmanski L.M., Muller T.G., Nuernberg J.B., Martins M.A.,
Arnt A.B.C., da Rocha M.R., Zaccaron A., Peterson M. Effi-
cient production of ferrous sulfate from steel mill scale waste.
Journal of Sustainable Metallurgy. 2024;10(3):1783—-1794.
https://doi.org/10.1007/s40831-024-00900-8

Hryhoriev S., Petryshchev A., Sinyaeva N., Yurchenko A.,
Sklyar O., Kvitka S., Borysov V., Vlasiuk V., Tsymbal B.,
Borysova S. Studying the physicalchemical properties
of alloyed metallurgical waste as secondary resourcesav-
ing raw materials. Eastern-European Journal of Enterprise
Technologies. 2018;4(12(94)):43-48.
https://doi.org/10.15587/1729-4061.2018.140924

8.

10.

11.

12.

Shatokha V.., Gogenko O0.0., Kripak S.M. Utilis-
ing of the oiled rolling mills scale in iron ore sinter-
ing process. Resources, Conservation and Recycling.
2011;55(4):435-440.
https://doi.org/10.1016/j.resconrec.2010.11.006

Tanutrov 1., Sviridova M. Directions to improve the process-
ing methods of anthropogenic waste of the Ural Region. Eco-
logy and Industry of Russia. 2015;19(8):31-35. (In Russ.).
https://doi.org/10.18412/1816-0395-2015-8-31-35

TanyTtpoB U., Cupunosa M. HanpasieHust coBeplIeHCT-
BOBaHHS CIOCOOOB TEPEepPabOTKM TEXHOTCHHBIX OTXOIOB
Ypanbckoro pernoHa. dkonoeusi u npomviuiieHHocms Poc-
cuu. 2015;19(8):31-35.
https://doi.org/10.18412/1816-0395-2015-8-31-35

Tanutrov IN., Sviridova M.N., Chesnokov Yu.A., Mar-
shuk L.A. Technological modeling of joint leaching of oily
rolling scale and red mud. Izvestiya. Ferrous Metallurgy.
2020;63(11-12):891-898. (In Russ.).
https://doi.org/10.17073/0368-0797-2020-11-12-891-898

Tanytpos W.H., CBupugosa M.H., UecnokoB 10.A., Map-
myk JI.A. TeXHOJIOrHYecKkoe MOJICTHPOBAHUE COBMECTHOTO
BBIICIIAYMBAHUS  3aMACJICHHOM MPOKATHOW OKaJMHBI M
KpacHOTo nuiama. Mszeecmus 8y308. Uepnas memannypeusi.
2020;63(11-12):891-898.
https://doi.org/10.17073/0368-0797-2020-11-12-891-898
Nemenov A.M. Events in figures and facts. Metallurg.
2016;(9):108—112. (In Russ.).

HemenoB A.M. CoObiTust B iupax u daxrax. Memanype.
2016;(9):108-112.

Chesnokov Yu.A., Marshuk L.A., Tanutrov I.N., Sviridova
M.N. Pyro-metallurgical scheme of joint recycling of red
sludge and rolled scale. In: Fundamental Research and
Applied Developments of Processes of Processing and Uti-
lization of Technogenic Formations: Proceedings of the V
Congress with Int. Participation and the Conf. of Young
Scientists “TECHNOGEN-2021". Yekaterinburg: UB RAS;
2021:415-419. (In Russ.).

YecnoxoB 10.A., Mapmyk JI.A., TanytpoB U.H., CBupu-
noBa M.H. Ilupomeramryprudeckasi cxema COBMECTHOMN
nepepadOTKM KpPACHBIX IUIAMOB W TPOKATHOH OKaJIMHBI.
B kH.: @ynoamenmanvHble ucciedo8anus U NPUKIAOHbIE
paspabomku npoyeccog nepepabomru u Ymunuzayuu mex-
HoeeHHbIX 00pazosanuil: mpyowl V Konepecca ¢ mesxcoyua-
poonvim yuacmuem u Konghepenyuu monoowvix yuenvix « TEX-
HOI'EH-2021». ExarepunOypr: YpO PAH; 2021;415-419.

13. Rostovskii V.I., Pliskanovskii S.T., Ivanov A.I., Ispolov V.B.,

14.

Gladush V.D., Ruchkin I.I., Zhunev A.G., Golubov A.F.,
Korop N.A. Certificate of authorship USSR no. 1086024 A1,
MPC C22B 1/16. Method of agglomeration of iron ore mate-
rials. Bulleten’izobretenii. 1984;14. (In Russ.).

A.c. 1086024 A1 CCCP, MIIK C22B 1/16. Cnoco6 ario-
MepaluH JKene3opynHbix Mmarepuano / B.M. PocroBckuid,
C.T. Ilmuckanoeckmii, A.Jd. HMano, B.b. Hcmonaros,
B.A. Tnmanym, M.U. Pyukun, A.I. XKynes, A.®. T'ony0os,
H.A. Kopom; 3asBi. 17.12.1981; omy6u1. 15.04.1984. Broi. 14.
Gurkin M.A., Tabakov M.S., Loginov V.N., Kashkarov E.A.,
Nevraev V.P., Nesterov A.S., Kuchin V.Yu., Detkova T.V.,
Yakushev V.S. Patent RF no. 2418079 C2, IPC C22B 1/16.
Method of sinter production for blast furnace smelting. Bul-
leten’izobretenii. 2011;13. (In Russ.).


https://doi.org/10.34923/technogen-ural.2021.60.16.003
https://doi.org/10.34923/technogen-ural.2021.60.16.003
https://doi.org/10.18412/1816-0395-2016-3-24-27
https://doi.org/10.18412/1816-0395-2016-3-24-27
https://doi.org/10.3390/jcs7120501
https://doi.org/10.1007/s40831-024-00900-8
https://doi.org/10.15587/1729-4061.2018.140924
https://doi.org/10.1016/j.resconrec.2010.11.006
https://doi.org/10.18412/1816-0395-2015-8-31-35
https://doi.org/10.18412/1816-0395-2015-8-31-35
https://doi.org/10.17073/0368-0797-2020-11-12-891-898
https://doi.org/10.17073/0368-0797-2020-11-12-891-898

I1ZVESTIYA. FERROUS METALLURGY. 2025;68(4):332-338.
Kharchenko A.S., Sysoev V.1, and etc. Modeling the distribution of components emitted from oiled scale between water, gas, and dust media ...

Iar. 2418079 C2 P®, MIIK C22B 1/16. Crioco6 mpowus-
BOJZICTBA arioMepara ajs foMeHHol miaBku / M.A. I'ypkus,
M.C. Tabakos, B.H. Jlorunos, E.A. Kamkapos, B.I1. Hepaes,
A.C. Hectepos, B.1O. Kyuun, T.B. Jlerkosa, B.C. flkymies;
3asBit. 06.07.2009; omy6s. 10.05.2011. Brom. 13.

15. Gotovtsev A.A., Efimenko Yu.G., Kabanov A.V., Koval Yu.l.,
Salnikov .M., Stolberg E.Ya., Khvatov Yu.A.; Certificate
of authorship USSR no. 1407979 A1, MPC C22B 1.14.
Charge for disposal of oiled scale during agglomeration. Bul-
leten’izobretenii. 1988;25. (In Russ.).

A.c. 1407979 A1 CCCP, MIIK C22B 1/14. llluxra i yTH-
JIM3aIMY 3aMaCICHHOW OKaJIMHBI Ipu aromepanyn / A.A. To-
topues, FO.I. Edumenko, A.B. Kabanor, FO.M. Kosais,
U.M. CanpuukoB, E.SI. Cronnbepr, FO.A. XBaroB; 3asmiL.
13.05.1986: omy6m. 07.07.1988. brom. 25.

16. Salekh A.I.Sh., Gritsishin A.M. Patent RF no. 2321647 C1,
IPC C22B 1.242, C22B 1.245. Method of briquetting iron-

containing waste in the form of scale for smelting. Bulleten’

izobretenii. 2006;10. (In Russ.).

ITar. 2321647 C1 PO, MIIK C22B 1/242, C22B 1/245. Cro-
€00 OpHKETHUPOBAHUS HKEJIC30COACPKAIINX OTXOJIOB B BHJIC
okanmunbl i mwaBku / AL Canex, A.M. I'pununus;
3asBi1. 06.07.2006; omy6i. 10.04.2008. brom. 10.

17. Gubanov V.., Seifulov R.V., Selivanov V.N., Chernou-
sov P.I., Yusfin Yu.S. Patent RF no. 2131929 C1, IPC C21B
5/00. Method for producing pig iron using blast furnace pro-
duction at a metallurgical enterprise. Bulleten’ izobretenii.
1999. (In Russ.).

ITar. RU 2131929 C1 P®, MIIK C21B 5/00. Crioco6 nomyye-
HHUs 9yTYHa C UCITOJIb30BAHUEM JOMEHHOT'O ITPOMU3BOJACTBA HA
MeTaiuryprudeckoM npennpusitun / B.U. T'ydanos, P.B. Ceii-
¢ynos, B.H. Cenupanos, I1.1. Yepnoycos, 10.C. IOcdus;
3as1BIL. 26.06.1998; omy06i. 20.06.1999.

18. Khusnutdinov 1.Sh., Khusnutdinov S.I., Alekseeva A.A.,
Bazhin V.Yu., Dubovikov O.A., Johann L.Sh. Patent RF
no. 2730304 C1, IPC F23G 7/05, F23G 5/027. Method of dis-
posal of oil- and oil-containing waste, oiled scale, waste from
coke production. Bulletenizobretenii. 2020;24. (In Russ.).
ITar. 2730304 C1 P®, MIIK F23G 7/05, F23G 5/027. Crioco6
YTHIIM3AINN MAcI0-He(TECOAEPIKAIINX OTXOIOB, 3aMaCIICH-
HOW OKaJIMHBI, OTXOA0B KOKCOXMMHYECKOTO MMPOM3BOACTBA /
N.II. Xycaytnunos, C.1. Xycuytauaos, A.A. Anekceesa,

B.IO. Baxun, O.A. Jly6oBukos, JLII. Woraun; 3asBi.
19.03.2019; omy6u. 21.08.2020. Brom. 24.

19. Somova Yu.V., Sviridova T.V., Alekseeva P.A., Neke-
rov E.A., Schwabecher D. Analysis of methods for process-
ing oily mill scale and oily sludge for iron and steel pro-
duction. IOP Conference Series: Earth and Environmental
Science. 2021;839:042046.
https://doi.org/10.1088/1755-1315/839/4/042046

20. Savinov A.S., Kharchenko A.S., Sibagatullin S.K., Dzyu-
ba A.V., Sysoev V.I., Kharchenko E.O., Pavlov A.V. Fore-
casting the temperature of oiled scale packed in a metal con-
tainer when moving in a blast furnace from the blast-furnace
mouth to the iron receiver. Theory and technology of metal-
lurgical production. 2024;(4(51)):24-29. (In Russ.).

CasunoB A.C., Xapuenko A.C., Cubararymaun C.K., [3t0-
6a A.B., CeicoeB B.U., Xapuenko E.O., [TaBior A.B. Ilpo-
THO3UPOBAHUE TEMIIEPaTyphbl 3aMaciCHHON OKaJIMHBI, yra-
KOBaHHOW B METAJUIMUECKUN KOHTEWHEp, MpU JIBIKEHHH B
JIOMEHHOM TIeYH OT KOJIOITHUKA K TOpHY. Teopust u mexHonoaus
Memannypeuuecko2o npouzsoocmea. 2024;(4(51)):24-29.

21. Molgaard J., Smeltzer W.W. Thermal conductivity of mag-
netite and hematite. Journal of Applied Physics. 1971;
42(9):3644-3647.
https://doi.org/10.1063/1.1660785

22. Dzyuba A.V., Savinov A.S., Kharchenko A.S., Sibagatul-
lin S.K., Sysoev V.I., Kharchenko M.V. Strength charac-
teristics of containers with oiled scale made approximately
to the size of coke. In: Heat Engineering and Computer
Science in Education, Science and Production: Proceed-
ings of the XII All-Rus. Sci. and Pract. Conf. of Students,
Postgraduates and Young Scientists (TIM’2024) with Inter-
national Participation. Yekaterinburg, May 16—17, 2024.
Yekaterinburg: UrFU; 2024:37—41. (In Russ.).

JI3i06a A.B., CaBunoB A.C., Xapuenko A.C., Cubararyi-
mua C.K., Ceicoes B.M., Xapuenko M.B. IIpounoctHbie
XapaKTEPUCTUKHU KOHTEHHEPOB C 3aMacJICHHON OKaJIHHOM,
W3TOTOBJICHHBIX MPUOIIKEHHO K KPYIHOCTH KOKca. B kH.:
Tennomexuuxa u ungopmamuxa 6 00paA3068aHuU, HAYKe U
npoussoocmee: coopuux 0okaados XII Bcepoccutickotl
HAyYHO-NPaAKMU4eckoll KOH@epeHyuu cnyoeHmos, acnupam-
mog u monoowix yuenvix (TUM’2024) ¢ mescoynapoonvim
yuacmuem. Examepunbype, 16-17 masa 2024 o. Exarepun-
oypr: Yp®V; 2024:37-41.

Aleksandr S. Kharchenko, Dr. Sci. (Eng.), Assist. Prof,, Head of the Chair
of Metallurgy and Chemical Technologies, Nosov Magnitogorsk State
Technical University

ORCID: 0000-0002-0454-6399

E-mail: as.mgtu@mail.ru

Victor I. Sysoev, Cand. Sci. (Eng.), Head of the Laboratory of the Chair
of Metallurgy and Chemical Technologies, Nosov Magnitogorsk State
Technical University

ORCID: 0000-0003-3537-7695

E-mail: v.sysoev@magtu.ru

Salavat K. Sibagatullin, Dr. Sci. (Eng.), Prof. of the Chair of Metallurgy
and Chemical Technologies, Nosov Magnitogorsk State Technical Uni-
versity

ORCID: 0009-0004-0220-0126

E-mail: 10tks@mail.ru

Anekcandp Cepzeesuu XapueHwko, 0.m.H, doyeHm, 3asedyrouwjuil
Kaghedpoll memannypauu u Xumu4eckux mexmo.102uif, Marauroropc-
KHH TOCyAapCTBEHHBIN TeXxHHYecKU# yHuBepcuteT uM. [LU. HocoBa
ORCID: 0000-0002-0454-6399

E-mail: as.mgtu@mail.ru

Bukmop HeaHosuu Cbvicoes, K.m.H, 3asedyrowull sa6opamopuetl
Kagedpul Memasiypauu U XUMUYeCKUX mexHo102utl, MarHUTOropcKuu
rocyZlapCTBEeHHbIN TexHu4eckui ynuBepcurteT UM. [LU. HocoBa
ORCID: 0000-0003-3537-7695

E-mail: v.sysoev@magtu.ru

Canasam Kamunosuu CuGazamynnut, 0.m.H., npogpeccop kageopwl
Memananypeuu U XuMu4eckux mexHos102uii, MarHUTOTOPCKUH Trocy-
JlapCTBeHHbIN TeXHUYeckul yHuBepcuTeT uM. M. HocoBa

ORCID: 0009-0004-0220-0126

E-mail: 10tks@mail.ru

337


https://doi.org/10.1088/1755-1315/839/4/042046
https://doi.org/10.1063/1.1660785
https://orcid.org/0000-0002-0454-6399
mailto:as.mgtu@mail.ru
https://orcid.org/0000-0003-3537-7695
mailto:v.sysoev@magtu.ru
https://orcid.org/0009-0004-0220-0126
mailto:10tks@mail.ru
https://orcid.org/0000-0002-0454-6399
mailto:as.mgtu@mail.ru
https://orcid.org/0000-0003-3537-7695
mailto:v.sysoev@magtu.ru
https://orcid.org/0009-0004-0220-0126
mailto:10tks@mail.ru

N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2025;68(4):332-338.
Xapuenko A.C, Coicoes B.H. u dp. MoziepoBaHye pacnpezieseHns KOMIOHEHTOB, BbIZIEJIMBLUINXCS U3 3aMaCl€HHOW OKaJIUHBI ...

Andrei V. Dzyuba, Postgraduate of the Chair of Metallurgy and Chemi-
cal Technologies, Nosov Magnitogorsk State Technical University
ORCID: 0000-0002-7303-8208

E-mail: dzyuba.98@bk.ru

Aleksandr S. Savinov, Dr. Sci. (Eng.), Assist. Prof, Head of the Chair of
Mechanics, Nosov Magnitogorsk State Technical University

ORCID: 0000-0001-7440-5404

E-mail: savinov_nis@mail.ru

Elena 0. Kharchenko, Cand. Sci. (Eng.), Senior Lecturer of the Chair of
Metallurgy and Chemical Technologies, Nosov Magnitogorsk State Tech-
nical University

E-mail: eo.mgtu@mail.ru

AHdpeii Bukmoposuy /]3106a, acnupaHm kagedpvl memaanypauu u
XUMU4eckux mexHos102utl, MarHUTOrOPCKUH roCyZapCTBEHHBIN Tex-
Hudeckuil ynuBepcureT uM. [LU. Hocosa

ORCID: 0000-0002-7303-8208

E-mail: dzyuba.98@bk.ru

Anekcandp Cepzeesuy CaguHo8, 0.m.H., doyeHm, 3agedyrowjuli kageod-
poll mexaHuku, MarHUTOTOPCKUH TrOCYJapCTBEHHbIH TeXHUYeCKUN
yHuBepcuteT uM. ['M. HocoBa

ORCID: 0000-0001-7440-5404

E-mail: savinov_nis@mail.ru

Enena OaezoenHa XapueHko, kK.m.H, cmapwulli npenodasamesb
Kagpedpel Memasnypauu U XuMu4ecKux mexHos102uii, MarHUTOropcKui
rocyZlapCTBEeHHbIH TexHUYecKkni yHuBepcuTeT uM. ['M. Hocoa
E-mail: eo.mgtu@mail.ru

A. S. Kharchenko - problem statement, analysis of research results,
formulation of conclusions.

V. L. Sysoev - testing of samples on the gas chromatographic complex
“Chromatec Crystal 5000”.

S. K. Sibagatullin - carrying out calculations, obtaining results, obtai-
ning drawings and graphs.

A. V. Dzyuba - description of results, formulation of conclusions, criti-
cal analysis of literature.

A. S. Savinov - problem statement, analysis of research results, formu-
lation of conclusions.

E. 0. Kharchenko - establishing the rational composition of water,
gas, and dust media of blast furnace gas dedusting plant, analysis of
research results.

A. C. XapueHKo - IOCTaHOBKA 3a/lauH, aHa/IU3 pe3y/bTaTOB UCCIef0-
BaHUMH, POPMYIMPOBaHKE BbIBO/OB.

B. H. Cvicoes - vcnbITaHUsl 06paslioB Ha rasoxpomarorpaduieckoMm
koMIiekce «XpomaTak Kpucrtamwn 5000».

C. K. Cu6azamyaauH - npoBeJieHHe PacyeToB, oJy4YeHHe pe3y/bTa-
TOB, CO3/JaHHe PUCYHKOB U rpadUKOB.

A. B. /I3106a - onucaHue pe3y/bTaTOB, UCIbITaHUsA 06Pa3LoB B Bep-
THKaJbHOW TPyOGYaTOM 3/IeKTpONe4YH, KpUTHUECKUI aHAIU3 JIUTepa-
TYPBL

A. C. CaguH06 - I0OCTaHOBKA 3a/la4M, aHaJIU3 Pe3y/IbTaTOB UCC/Ie0Ba-
Hul, opMy/nMpoBaHHe BbIBOJOB.

E. 0. XapueHKo - ycTaHOBJIeHHE pallMOHa/bHON BOZO-Ia30-MblIeBOI
CpeAibl CUCTEMbl FA3004YUCTKH JJOMEHHOM NeyH, aHa/lu3 pe3y/1bTaToB
HCC/IeJOBaHU M.

Received 20.05.2025
Revised 09.06.2025
Accepted 16.06.2025

Ioctynmna B pemakiyro 20.05.2025
IMocne nopaborku 09.06.2025
Tlpunsita k myonukauuu 16.06.2025

338


https://orcid.org/0000-0002-7303-8208
mailto:dzyuba.98@bk.ru
https://orcid.org/0000-0001-7440-5404
mailto:savinov_nis@mail.ru
mailto:eo.mgtu@mail.ru
https://orcid.org/0000-0002-7303-8208
mailto:dzyuba.98@bk.ru
https://orcid.org/0000-0001-7440-5404
mailto:savinov_nis@mail.ru
mailto:eo.mgtu@mail.ru

