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TRENDS IN THE DEVELOPMENT OF ENERGY-SAVING
TECHNOLOGIES IN METALLURGY

Summary.The purpose of the analysis is to identify trends in the development of
metallurgical production and the use of energy-saving metallurgical technologies. It is
shown that the world continues a steady trend of increasing steel production. This
indicates an increase in metal consumption in industry. Despite the downward trend in
steel production in Ukraine, the attention of metallurgists to the use of energy-saving
technologies has not diminished. Trends and examples of the use of energy-saving
technologies in world practice in comparison with trends in domestic metallurgy are
given. Perspective technologies of blast furnace, steelmaking and rolling production are
shown. Their advantages and disadvantages are noted. It is shown that the production
volumes of metallurgical products are closely related to the technical level of production
and the structure of steel smelting. It is noted that the development trends of domestic
metallurgical production on a general basis coincide with the development trends of
world metallurgy. The advantages and disadvantages of domestic ferrous metallurgy are
shown. The directions of scientific research of the Iron and Steel Institute named after
Z.1. Nekrasov NAS of Ukraine (ISI), which correspond to global trends in the
development of metallurgy and cover the whole range of problems in the production of
metal products. The developments are comprehensive, which is a very important
advantage in the modern world. The ISI has a serious scientific potential for the latest
modern technological and technical solutions for domestic metallurgical production,
which are already at the development stage adapted to existing technological and raw
materials conditions and their changes. Most of the new developments in technological
content and intellectual level of implementation are not inferior to world analogues.
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The state of the problem. Since 2009, the world has continued a steady growth
trend in steel production, which indicates an increase in the consumption of metal
products in industry. Since 2011, Ukraine is gradually losing ground and reducing steel
production (Figure 1).

At the same time, the attention of Ukrainian metallurgists to the use of energy-
saving technologies is not weakening. The enterprises of the mining and metallurgical
complex of Ukraine (MMC) in 2019 compared to 2018 reduced natural gas consumption
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by 2% (with a similar reduction in pig iron production), and also reduced electricity
consumption by 5% (with a decrease in steel production by 1.2% and rental - by 0.9%).
This indicates the close attention of metallurgists to the use of energy-saving
technologies even in conditions of unstable production.

Dynamics of steel productionin Ukraine and in the world, million tons
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The purpose of the analysis is to identify trends in the development of
metallurgical production and the use of energy-saving metallurgical technologies.

Statement of the main research materials.

The indicators of production of metallurgical products are closely related to the
technical level of production and the structure of steel smelting. If in Ukraine in 2004
the ratio between production volumes of converter, open-hearth and electric furnace
steel was 51.3%, 45.3% and 3.4%, then in 2009 this ratio becomes 69.2%, 26.3% and
4.5%, respectively, and in 2010 - 68.7%; 25.4% and 5.9%, respectively (Figure 2).
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It should be noted that the upward trend in converter steel production in Ukraine is
in line with global trends, while the share of open-hearth and electric steel is
diametrically opposite (Figure 3). The increase in electric steel smelting in the world is
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associated with the development of steel production at mini-plants using metal scrap,
while in Ukraine this method of steel smelting is used on a limited scale.

Metallurgy refers to inertial industries and the trends in its development change
rather slowly [1]. However, in the advanced industrially developed foreign countries, the
change in the technical level of metallurgy and the creation of new metallurgical
technologies is much faster than in the CIS countries.
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The trends in the development of metallurgical production in Ukraine in general
coincide with the trends in the development of world metallurgy. The difference is the
availability of our own iron ore raw material base, unique deposits of manganese ore,
the presence of developed metallurgical production at integrated enterprises, the
presence of highly qualified personnel and our own scientific and technical potential.

One of the main trends in the development of world metallurgy is the
environmental focus when creating new and reconstructing existing facilities. Reducing
the load on the environment is based on an integrated approach to solving this problem,
with the main focus being on measures to reduce energy intensity. In particular, new
blast furnaces abroad have a new standard of environmental protection measures
regardless of the region. These measures are especially strict in Japan and some
countries of Western Europe, including Germany. However, the reconstruction of the
existing production with equipping it with environmental protection means is much
more expensive than a similar new production.

The most energy-intensive metallurgical process is blast furnace production.
General trends in the development of blast furnace production can be considered the
construction of large-scale blast furnaces, the decommissioning of small-volume
furnaces, the modernization of blast furnaces during overhaul, the search for the
possibility of using alternative energy sources (Figure 4), the improvement of smelting
technology (Figure 5) and the creation of automated control systems using models and
software. Thus, in comparison with the use of pulverized coal, the technology most
widely used today, the use of hot reducing gases simultaneously with hot blasting will
increase the efficiency of blast furnace smelting by another 12-15% and reduce
greenhouse gas emissions by 8-9%.

Currently, the operating parameters of highly efficient blast furnaces are close to
the thermodynamic and economic optimum. An analysis of the trends in the
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development of blast furnace production technology suggests that the scheme of the
traditional method of smelting cast iron in blast furnaces using coke and alternative
energy carriers is the best option for the production of cast iron and stainless steel,
although other technological schemes of metallurgical production are discussed and
used, in particular without using blast furnaces [2]. At present, new technologies of
coke-free metallurgy have been developed, in particular technologies of direct and
liquid-phase reduction of a new generation, which make it possible to use coal as energy
carriers.
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In Fig. 5, the following notation is used: Base - traditional blast furnace smelting;
NG - blast furnace using natural gas; PC - blast furnace using pulverized coal fuel; HG -
blast furnace using hot blast; HRG - blast furnace smelting using heated recirculation
gases; PC + HRG blast furnace using heated reducing gases and pulverized coal; HG +
HRG - blast furnace smelting using hot blast of heated reducing gases.
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One of the most effective and most widely used technologies in world practice is
the scheme of end-to-end steel production technologies at integrated metallurgical
enterprises. At the same time, the development of electric steelmaking for the
redistribution of scrap metal (in particular in the USA) contributed to a significant
decrease in the production of cast iron for steel smelting (Figure 6) [3].

Steelmaking in the world is characterized by the rapid development of oxygen-
converter and electric steelmaking and a significant decrease in steel production in open-
hearth furnaces (Figure ). ) The oxygen-converter method of steel production in the
world is considered the most modern.
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The development of out-of-furnace steel processing processes has shown that it is
possible to transfer part of the operations from the converter to the «ladle-furnace” unit,
including the removal of gases from steel. At the same time, improving the processes of
oxygen-conversion steel allows to achieve a significant reduction in the level of gases in
the melt. For comparative analysis, we used the results of research on oxygen-converter
smelting technology with upper purge (O,), the technology of combined oxygen purge
from above and nitrogen below (O, + N,), the technology of combined oxygen purge
from above and below (O, + O,), and the technology of combined oxygen purge from
above and purified converter gas from below (O, + KG). The results of comparing the
efficiency coefficients of these technologies are shown in Figure 8.
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The results show that the combined purge of the converter with nitrogen from
below allows you to get the oxygen content in the melt is 30-34% less (compared with
the upper blowing lance), but the nitrogen content is significantly higher than the upper
blowing lance. The greatest effect was obtained when the melt was purged from below
with purified converter gas, which simultaneously reduced the oxygen and nitrogen
content in steel by 40-50%.
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Rolling technology has changed little in recent years. But characterized by the
improvement of equipment for the production of rolled products. [4]. Using combined
processes allows us to achieve not only high energy efficiency, but also to ensure
minimal greenhouse gas emissions (Figure 9).
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The analysis showed that in MMC there are no insoluble problems of a systemic
nature that can impede the successful and economically viable development of the
industry, primarily due to the use of scientific research results. Here are some of the
results of scientific research of the Iron and Steel Institute of the National Academy of
Sciences of Ukraine (ISI), implemented at metallurgical enterprises. In particular,
«ArcelorMittal Kryvyi Rih MK», which was the base enterprise of the ISI prior to its
sale, notes a rather high technological level of metallurgical production at the plant,
which was achieved with the participation of the Institute. As acknowledged by its
owners, the existing technological level of the plant is one of the highest in the company
and, therefore, does not need to be improved at the moment [5].
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You can also give a few more examples of ISI developments that are consistent
with global trends in the development of metallurgy [6].

To reduce the energy intensity of sintering production, a study was made of the
properties of various types of iron ore raw materials and metallurgical indicators of
promising and current rational compositions of sintering and blast furnace charge were
determined. Implemented technological methods and recommendations allowed to
reduce the equivalent fuel consumption by 2-7 kg / t of pig iron.

It is shown that an increase in the low-temperature strength of the sinter, an increase
in its recovery, a decrease in the volume of refractory masses in a blast furnace can
potentially reduce the consumption of coke by 1.6-2.0 %.

Promising measures to improve converter smelting may be to use the construction
of a three-tier lance, as well as improving the technology of blast and slag modes.
Adjustable flow rates are used for primary (380-400 m®/min) and additional (20-40
m?*/ min) oxygen

A set of measures has been developed and implemented to ensure uniform
consumption of pulverized coal around the circumference of blast furnaces. This allows
you to stabilize the theoretical combustion temperature and to ensure a constant
temperature on the tuyeres of blast furnaces. Specific consumption of coke is reduced by
2 %.YcTaHOBJIEHO, YTO C BBEJCHHEM B IIMXTY MapraHia yBeIMIUBACTCS MPOH3BOICTBO
yyryHa Ha 4 %, yMeHbIIaeTcsi pacxoj] Kokca Ha 1,5 %, panuoHaNbHBIM AWAIa30HOM
coJiepKaHus Maprauiia B ayryHe sisisiercs 0,30-0,35 %.

A new direction of research for the industry has begun — the development of
technology for the injection of pulverized coal into rotary lime kilns, which has reduced
fuel consumption by 7 %.

It is shown that optimization of the chemical composition of steels and the use of
rational heat treatment modes of railway wheels (using modernized vertical quenching
machines) increase the reliability and durability of railway metal products. A significant
economic effect is achieved.

For the production of high-quality metal products, metallographic studies of the
critical temperatures of the beginning and end of phase transformations at various
cooling rates of various steel grades are important. The developed recommendations for
accelerated cooling modes allow us to identify areas of modernization of equipment for
heat treatment of railway wheels of various chemical composition.

However, it should be noted that not all metallurgical enterprises in the industry pay
enough attention to interaction with scientific organizations, including due to the lack of
a programmatic approach to future development in the industry and sufficient funds for
scientific research [7]. Such a policy leads to the loss of creative ties with traditional
partners, and prevents both the authority of scientific organizations and their financial
support. Under these conditions, the Institute is forced to seek a way out of this
situation, including by attracting foreign partners. The scope of promising research on
metallurgical topics can be significantly expanded with the availability of financing by
metallurgical enterprises.

Conclusions

The analysis shows that scientific research in the iron and steel industry of the most
industrialized countries is mainly aimed at improving existing and developing new
technologies in all metallurgical processes, which reduce the consumption of material
and energy resources, reduce costs and improve the quality of metal products.
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It is shown that fundamental and applied research at the Iron and Steel Institute of
the National Academy of Sciences of Ukraine fully corresponds to the development
trends of scientific research and the main trends in the development of world metallurgy.
In a number of promising areas, the Institute’s fundamental developments were carried
out for the first time in world practice

The rapid pace of world scientific and technological progress shows the
metallurgical enterprises the need for closer cooperation with scientific organizations.
Scientific and technical potential of domestic science, including the lron and Steel
Institute of named after Z.1. Nekrasov NAS of Ukraine, and today is on the crest of
world metallurgical science, which will allow production not only to meet global trends,
but also to ensure the promising development of metallurgy,
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Incmumym wopnoi memanypeii im.3.1. Hexpacoea HAH Ykpainu

Tenaenuii po3BUTKY eHepro3depiralouux TexXHoJIOrii B MeTaryprii

AHoTaniss. MeToro aHai3y € BUSBICHHS TCHACHIH PO3BUTKY METalypriifHOTO
BUPOOHMITBA Ta BHUKOPHUCTaHHS EHEPro30epiraloumx MeTaTyprilfHUX TEeXHOJIOTIH.
INoka3zaHo, mo B CBITI TpWBae CTiiika TEHAEHILIS 3pocTaHHS BHpOOHMITBA crami. Lle
CBIIYUTH TPO 3POCTAaHHSA CHOXHBAHHSA METAJONPOAYKIii B IPOMHUCIOBOCTI.
Hes3Bakaroun Ha TEHIEHLIIO CKOPOUYEHHs O0OCATiB BUPOOHHITBA CTali B YKpaiHi, yBary
METaJTypriB 10 BUKOPUCTAHHSA €HEepro3depirarounx TEXHOJOriH He ciabmae. HaBexneHo
TeHJEHNIi 1 NPHUKIAAM BHUKOPHUCTAHHS B CBITOBil MpakTHLi eHepro3odepiraroynx
TEXHOJIOTI y 3ICTaBlIeHHI 3 TEHACHUIAMH BiTYM3HAHOI Mertanyprii. IlokazaHo
MIEPCIICKTUBHI TEXHOJIOTI] JIOMEHHOTO, CTaJCIUIaBHJIBHOTO i MPOKAaTHOTO BHPOOHUIITB.
BimznaueHo ix pgoctoiHcTBa 1 Hemomiku. [loka3aHo, 1O OOCSITH BHPOOHHIITBA
METaypriiHOl TPOAYKHii TICHO NOB'SI3aHI 3 TEXHIYHMM pIiBHEM BHPOOHHMITBA |
CTPYKTYPOIO BHIUIABKM CTajJd. Bin3HaueHO, IO TEHJACHLII PO3BHTKY BiTUYU3HSIHOTO
METaTyprifHOr0 BUpOOHHIITBA B 3arajibHiii OCHOBI 30iraloThCA 3 TEHICHLIISIMH PO3BUTKY
cBiTOBOI MeTamyprii. [lokazaHo mepeBaru Ta HeIOMIKHU BITYM3HSIHOTO YOPHOT METATYPTii.
[TokazaHpl HalpaBlIeHUs] HAYYHBIX HCCIel0BaHUM MHCTUTYTa YepHOW METaIIIypruu UM.
3.1. Hekpacoba HAH VYxkpamaer (IYM), KOTOpBIE COOTBETCTBYIOT MHPOBBIM
TEHJCHIMAM Pa3BUTHU METAJUIYPIHU U OXBaTHIBAIOT BECh KPYT MPOOJIEM IPOU3BOACTBA
METaJUTONPOXYKIMH. PO3pOOKH MaroTh KOMIUIEKCHUH XapakTep, IO € AY)Ke BaKIUBOIO
mepeBaro B cyvacHomy cBiTi. [UM Mae cepiio3HHMI HayKOBHM IMOTEHINAN HOBITHIX
Cy4acHMX TEXHOJIOTIYHHMX 1 TEXHIYHUX pillleHb JUI1 BITYU3HSHOI'O METAypriiHOTO
BHPOOHUIITBA, IO BXKE HA CTaMil pO3POOKH aJanTyIOThCs O ICHYIOUNX TEXHOJOTTYHHX 1
CHPOBHHHHX YMOB Ta IXHIX 3MiH. BiNbIIicTh HOBHX pPO3POOOK 3a TEXHOJIOTIYHUM
3MICTOM 1 IHTENIEKTyaJIbHOMY PiBHIO peaii3amii He MOCTYMaThCS CBITOBUM aHAJIOTaM.

KiouoBi cioBa: meranmypriiiHe BHPOOHHIITBO, TEHAEHI{, TexHoJOrii, [HCTUTYT
YOPHOT METaNyprii, JOCITIPKEHHSI, PO3POOKH
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Hnemumym uepnou memannypeuu um.3.1U. Hexkpacosa HAH Yxpaune:
TeHnaeHUNH Pa3BUTHSA IHeProcéeperauX TeXHOJOTHIl B MeTaJUIypruu
Llenpro aHanu3a sABJISETCS BBIABICHHE TEHACHLUI Pa3BUTHUS METAJUTyprUUECKOIro
MPOU3BOJICTBA U MCIIOJIB30BaHHS SHEPrOCOEPEraronX METaJUTyPTUIeCKUX TEXHOIOTHH.
[Tokazano, 4T0 B MHpe NPOJIOJHKAETCS YCTOMUMBAas TEHICHIMS POCTa IMPOU3BOJICTBA
cTamy. DTO CBHICTENBCTBYET O BO3PACTAHWUU TOTPEOJICHUS METAIONPOIYKIUH B
MPOMBIIUICHHOCTH. HecMOTpst Ha TEHICHIWIO COKpamleHHsT 00BEMOB IPOU3BOJICTBA
ctayd B YKpauHe, BHUMaHHE METAJUTYProB K HCIIOJIb30BAaHUIO IHEProcOeperaronmx
TeXHOJOruii He ocnabeBaeT. [IpuBeneHbl TEHACHUMH W TPUMEPHI HCIIOJIb30BAaHUS B
MHUPOBOM  NPaKTUKE HSHEpProcOeperaroux TEXHOJOTHH B CONOCTABICHHHU C
«DyHOameHmanbHi ma npukiaoui npodaemu yoproi memanypeii. — 2019. - Bein.33

«Fundamental and applied problems of ferrous metallurgy». — 2019. — Collection 33
ISSN 2522-9117 «Fundamental'nye i prikladnye problemy &ernoj metallurgii». — 2019. — Vypusk 33


https://orcid/org/0000-0001-9540-3037

42

TCHACHLIUAMHA B OTEYCCTBCHHOM METAJLUTypryuu. IToka3aHbl MEPCIECKTUBHBIE TEXHOJIOTNH
JOMEHHOTO, CTalelUVIaBUJIBHOTO M MPOKAaTHOTO MPOM3BOACTB. OTMEuUeHBl HUX
JOCTOMHCTBA M HefocTaTKH. [lokazaHo, 4To 00BbEMBI IPOU3BOACTBA METAITYPTHUECKOM
HNPOJYKIHMH TECHO CBS3aHBI C TEXHWYECKHM YPOBHEM IIPOM3BOJCTBA U CTPYKTYpoOil
BbIIUIaBKM  cranyd. OTMedeHO, 4YTO TEHACHUUM Ppa3BUTHA  OTCUECTBEHHOTO
METaJUTyprIdecKoro MpPOW3BOJCTBA B OONIeH OCHOBE COBMANAIOT C TEHJCHIMSIMH
pasBuTUs MHpPOBOH Meramrypruu. IlokaszaHbl InpeuMyliecTBAa M HEAOCTAaTKH
OTEYECTBEHHO 4epHOU MeTa/utypruu. [loka3aHsl HallpaBIeHUs HAYYHBIX UCCIICIOBAHUM
Wuctutyra uepnoit merammyprun um. 3.M. Hekpacoa HAH VYxkpaunsl, kotopsie
COOTBETCTBYIOT MHPOBBIM TEHICHILUAM PAa3BUTHUS METAUIypTHM M OXBAaTBIBAIOT BECh
KpyT Npo0neM MpPOU3BOACTBA METAIONPOAYKIHH. PazpaboTku MMEIOT KOMILIEKCHBIH
XapakTep, 4TO SBJIAETCS OYEHb BaXKHBIM IIPEUMYILIECTBOM B coBpeMeHHOM mupe. UM
UMeET CEpPhE3HBII HAYUHBIH MOTEHIHANl HOBEHIINX COBPEMEHHBIX TEXHONOTHYECKHX H
TEXHUUYECKMX peIIeHUH JUIi OTEYECTBEHHOI'0 METaJIIyprHuecKoro IIPOU3BOJCTBA,
KOTOpBIE yX€ Ha CTaiuu pa3padOTKM  aJanTHPYIOTCS K  CYIIECTBYIOIIUM
TEXHOJOTMYECKUX M CBIPHEBBIX YCIOBUH U MX H3MEHEHMAM. BOJIBIIMHCTBO HOBBIX
pa3pabOTOK MO TEXHOJOIMYECKOMY COAEP)KAHHI0 M HHTEIUICKTYaJbHOMY YPOBHIO
peanu3aniy He YCTYMaoT MUPOBBIM aHAJIOTaM.
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