156 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2020. No 150
UDC 622.24+669.054.82 DOI: https://doi.org/10.15407/geotm2020.150.156

THE LATEST TECHNOLOGY TRENDS FOR SLAG PROCESSING IN STEEL INDUSTRY
'Kravchenko V.P., ?Gankevych V.F., 'Taranina O.V., °Moskalova T.V.
'Pryazovskyi State Technical University MES of Ukraine, “National Technical University “Dnipro

Polytechnic”

HOBI HAMPAMKW PO3BUTKY TEXHOMNOIA NEPEPOBKM LLINAKIB B METANYPTIi
'KpaeueHko B.M., ’aHkesuy B.®., ' TapaHuHa O.B., ‘Mockanbosa T.B.
1 o o« . o . o 2 . o . o«
Ilpuazoscvkuii oeporcasnuti mexuiunuii ynisepcumem MOH Yxpainu, “Hayionanvnuu mexuiunui
VHigepcumem «/[HINpo8CcvLKAs NOJIMEXHIKA»

HOBbIE HAMPABNEHNS PA3BUTUA TEXHONIOM M NEPEPABOTKM LLUNAKOB B
METANYPTUA

'KpaeyeHko B.I., °aHkesuy B.®., ' TapaHuHa E.B., ‘Mockanéea T.B.
1Hpua30@cz<m7 eocyoapcmeennviii mexHudeckuti ynueepcumem MOH Yxkpaunul, ?Hayuonanonwiii
MeXHUYEeCKUll yHugepcumem «/JHenpo6cKkas NoIumexHuka

Annotation. Accumulation of metallurgical slag caused a number of heavy environmental problems, which led to a
significant withdrawal of valuable land from use. The objective of this work was to identify the main directions for the
development of new technological processes for the complete and waste-free processing and recycling of melted slags,
gravel slags, dump slags and to outline the main directions for the research. To this end, works of the Ukrainian and
foreign scientists in the field of metallurgical slag processing were analyzed, and the conclusion was made about the
environmental and economic efficiency of metallurgical slag processing. The modern principle is formulated for the
metallurgical industry, according to which slag should not be considered as waste. On the contrary, slag, like metal,
should be considered as one more product of the blast furnace. This principle requires to develop a set of new
technological approaches for the melted slag and solid (granular) slag processing into the cheap and valuable materials
for industry. This approach will significantly reduce cost of the iron output. The thematic focus of research and
technological developments for solving the designated modern principle in metallurgy are determined. For solving the
problem of reducing negative impact of metallurgical enterprises on the environment and increasing profitability of their
production, the following issues were researched and solved:

1. Determination of the heat content of fire-liquid slag (the melts). Calculation of generating capacity of the
equipment, which uses the utilized heat of the melted slags. The calculations were carried out for the conditions of the
llyich Iron And Steel Plant, Mariupol. Temperature of the melted slag discharged from the blast furnace of the plant is
1400-1450°C.

2. Usage of dump waste for producing binder materials and micro-fillers for additives into the high-strength
concrete. The technological scheme for processing and technological line for obtaining Portland cement clinker are
presented.

Implementation of these developments allows to reduce energy consumption at the enterprise, to use slag for
obtaining valuable raw materials, and to solve the environmental problem.

Keywords: recycling, metallurgical slug processing, clinker, melted slug, environmental protection.

Introduction. It is well known that our global world, developing in an
anthropogenic direction, has achieved significant success in various industries due to
the use of the results of scientific and technical research, discoveries, and
technological developments.

But the technogenic direction of the development of mankind has a negative side:
the harmful effects on the environment of industrial waste, which mainly
characterizes industrialized countries, whose economy is based on the extraction and
processing of natural resources and their wasteful use.
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One of the significant technogenic (man-made) environmental pollutants are
metallurgical enterprises: emissions of sulfur-containing and carbon dioxide gases
into the atmosphere, pollution of large areas with industrial waste — slag, which also
pollute water sources.

Among metallurgical slag, blast furnace slag prevail, which is a by-product and a
waste product of pig iron production in blast furnaces. The increase in pig iron
production causes an inevitable increase in the production of blast furnace slag, in
comparison with 45-60% of the pig iron production. Blast furnace slag accounts for
more than 70% of the total amount of slag obtained in the metallurgical industry.

The accumulation of metallurgical slag in recent years (for example there are
more than 2 billion tons of slag dumps in Ukraine) has caused a number of complex
environmental problems, which led to a significant withdrawal of valuable land from
use and increased damage to the state economy.

All these facts dramatically increase the urgency of the problem of the complete
processing of metallurgical slag, the rational use of the obtained products and the
transition to waste-free technological schemes for metallurgical production

In the last century, the practice of metallurgical slag using was based mainly on
the classical studies of Langen, Michaelis, Passov, Grun, Guttman and others. The
begining of the 21st century, can be characterized as a stage of intensive scientific
research, experimental and design studies, the results of which represent a solid
theoretical basis for the development of modern technological processes for the
processing of slag melts, granulated slag and dump slag slag and practical use of
products of their processing.

The processing and use of slag of one of the most voluminous wastes of
metallurgical production ranges from 50 to 100%.

In the developed countries with the metallurgical industry, all blast furnace slag
and a significant portion of steelmaking slag are processed. The developed countries
of the world take the problem of secondary resources recycling extremely seriously;
European states, members of the European Union, as well as the USA and Japan are
especially concerned.

For example, in Germany the laws were passed according to which metallurgical
slags from the waste category were transferred to the category of by-products of
production. In many developed countries, special institutions and organizations have
been created that deal with the use of metallurgical slag in construction, sometimes
on the basis of metallurgical plants: the National Slag Association in the USA, the
Technical Association for the Study and Use of Blast Furnace Slags in France, the
National Slag Association in Canada, the British Slag Association in England. The
organization of slag processing in different countries is not the same, due to the
specific conditions of each country.

In England and Germany, slag products are obtained directly at metallurgical
plants; in other countries, slag in liquid state or partially processed (granulated) is
transferred to companies or special firms for the production of building materials.
The US National Slag Association has created an entire slag processing industry.

Currently, in the UK, the Building Research Establishment has proposed a system
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for assessing the environmental properties of building materials, according to which
these properties are evaluated in points: the higher the score, the lower the
environmental properties of the evaluated material. According to the proposed
system, the environmental properties of ground blast furnace slag are rated at 0.47,
Portland cement - at a score of 4.6, i.e. the use of slag is about 10 times more
environmentally friendly than Portland cement. Annually in the UK more than 2
million tons of ground blast furnace slags are used to replace Portland cement in
concrete. At the same time, carbon dioxide emissions are reduced by almost 2 million
tons, which is equivalent to the total emissions of 500 thousand cars per year.
Electricity consumption is reduced by 2,000 GW per year. The annual saving of
natural raw materials for concrete preparation is 2.5 million tons. A potential
reduction in burial volumes is 2 million tons per year. All this experience of the
developed industrial countries of the world testifies to the positive results of the
processing of metallurgical slag, both in environmental and economic aspects.

The objective of this work is to identify the main directions for the development
of new technological processes for the complete and waste-free processing and
recycling of slag melts, gravel slags, dump slags and outline the main directions for
research.

Methods. The classification of wastes of a significant technogenic environmental
pollutant, metallurgical industry is shown schematically in Fig. 1.

The main waste products are primary and secondary slags. The share of blast
furnace (primary) slag accounts for more than 70% of the amount of slag obtained in
the metallurgical industry. It is well known that in order to eliminate or significantly
reduce the harmful effects on the environment, it is necessary to develop and
implement advanced technological processes that ensure the use of low-waste and
non-waste technologies that exclude any type of waste by using them as secondary
raw materials.

Metallurgical waste

Slags by type of metal produced Other __» Sludge
(by groups of metallurgical industries) 1
Primary Secondary Iron dust, scale
Blast-furnace| |Ferroalloy Cupola v Electro

Steelmaking |-» steelmaking

L

Open-hearth Converter

Figure 1 — Classification of metallurgical waste
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To solve the task of developing and implementing new technologies for the
complete processing and use of metallurgical slag, it is necessary to fully perform the
modern principle in metallurgy: a blast furnace should be considered as a complex
unit for the production of two main types of products - cast iron and slag. With this
approach, when slag is considered as one of the main or secondary types of product,
it is necessary to solve a set of measures for the processing of slag melts in a blast
furnace to produce high-quality and valuable materials that will significantly reduce
the cost of the current output of pig iron. As well as the inclusion in the processing of
granulated slag and dump slag to obtain, for example cheap binders which will
positively affect the profitability of production.

The need to consider slag as one of the main types of blast furnace production is
justified by the fact that metallurgical slag is not only is inferior in physical and
mechanical properties, but also in some cases surpass the natural materials replaced
by them. Since slag is formed from waste rock of iron ore materials, fluxes, ash, fuel,
as well as metal oxidation products and impurities, the total content of calcium, iron
and silicon oxides in the slag reaches 75%. This determines the broad prospects for
the use of metallurgical slag.

Previously, the task was to organize the processing of slag to a certain level.
Currently, taking into account modern requirements for environmental protection on
a global scale, the task is to develop technological processes for the complete
processing of waste, as well as the elimination of harmful emissions into the
atmosphere. This was became possible thanks to comprehensive studies of the
properties of liquid and solid slag, the processes of hydrodynamic interaction of slag
melt with water and air, the porosity and crystallization of slag, the study of the
characteristics of sulfur dioxide emissions from slag and their neutralization.

To solve the problems, the following directions (research and development) were
worked out.

1. Determination of the heat content of fire-liquid slag (melts). Calculation of the
energy capacity of a plant using the utilized heat of slag melts.

2. The development of a technological scheme for processing dump slag and a
technological line for the production of PC clinker.

Under the first item on the heat content in slag melts, the total amount of heat
contained in the fire-liquid slag discharged from the blast furnace and the amount of
heat that can be utilized by wet granulation of slag were calculated. The calculation
of the capacity of a power plant operating on utilized heat, which is an important
element of the technological process of processing slag melts, is performed.

The calculations were carried out for the conditions of the metallurgical plant
named after Ilyich, Mariupol. The temperature of the slag melt discharged from the
blast furnace of the plant is 1400-1450°C. Calculation of the heat content of the slag
melt going to granulation was carried out for a temperature of 1400 ° C, which is
optimal for producing granulated slag with high hydraulic activity.

When calculating the amount of heat that can be utilized during granulation, it
must be taken into account that only part of the heat of slag melts is directly used in
granulation. Due to rapid cooling, the slag hardens in a glassy state, the latent heat of
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crystallization about 300-400 kJ per kg is not released and is realized in the form of
chemical energy, giving the slag a valuable quality - hydraulic activity. The rest of
the heat (70-80% of the total) with the existing granulation methods is spent mainly
on the evaporation of water and is irretrievably lost.

The annual production of pig iron at the plant according to production capacities
Is 5.5 million tons. The output of slag per 1 ton of pig iron is 0.42 tons. On an
annualized basis, slag production is 0.42 - 5.5 million tons = 2.31 million tons. The
heat content in the fire-liquid slag is 350 kcal per 1 kg.

The amount of heat contained in 1 kg of liquid slag at t = 1400°C is determined by
the formula:

Q=m—cAt,

where ¢ =0.288 kcal / (g - deg) — specific heat of slag melt at t = 1400 °C; m = 2.31
million tons — annual production of blast furnace slag at the llyich metallurgical
plant; At = 1400 — 20 = 1380 °C — temperature difference between the slag melt and
the environment.

The total amount of heat contained in the blast furnace slag of annual production
will be 253-10° kcal per year.

The amount of heat in 1 kg of slag melt with a temperature of 1400°C will be:

Q=1"-0.288 - 1380 =397.44 kcal =397.44 - 4.184 = 1662.89 kJ,

where 1 kJ =0.239 kcal or 1 kcal =1/0.239 = 4.184 kJ.

Since granulation takes 300 to 400 kJ per kg to crystallize slag, the heat of 1 kg of
slag melt that can be disposed of will be 1662.89 — 400 = 1262.89 kJ.

The total amount of heat, with an annual slag production of 2.31 million tons,
possible for utilization will be Q = 1262.89 - 2.31-10° =2917-10° kJ.

We determine the power of the power plant in kW. The amount of kW-h due to
the utilization of heat of slag melts per year:

N =2917 - 10°/3600 =810 - 10° kW-h / year,

where 3600 = 1 kW-h.
The theoretical capacity of the power plant will be:

Nm =810 - 10°/ 8760 = 92465 kW.
If we take the efficiency of steam power plant n = 0.6, then
N = Nm - n=94265 - 0,6 = 55480 kKW.

Such power is not utilized but is carried away into the atmosphere in the form of
combined-cycle emissions.

As follows from the calculation, when using the heat of slag melt (minus heat
losses due to crystallization of granulated slag) in a "slag-steam" boiler with
efficiency equal to 60%, from each kilogram of slag melt, 300 kcal can be obtained.
With one ton of slag solution, you can get the same amount of heat as from a steam
boiler with efficiency 0.8 heated 70 kg steam coal. Which in terms of the year: 70 -
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2.31 - 10° = 161700 tons of coal per year.

This direction of development of heat use during granulation of slag melts by
water is promising in economic and environmental aspects.

The second item is dump slag and technology for their processing.

In the study of dump metallurgical slag, the task was set of obtaining a binder
material and micro-aggregates for additives in the production of high-strength
concrete.

The solution to the problem is presented in the diagram (Fig. 2).
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Figure 2 — The technological scheme of processing dump metallurgical slag

In the technological chain of slag processing, grinding of a non-magnetic fraction
of 0-3 mm was made in a crusher with a screen. Then we get two fractions. The first
is in a cyclone with a specific grain surface of 0.5-0.8 m?/g. The second in the filter is
with a specific grain surface of 0.8-2.0 m*/g. The fraction of 0.5-0.8 m*/g is used as a
binder, and the fraction of 0.8-2.0 m%g is used as micro-aggregates in concrete,
which increase the strength of concrete, as well as resistance to abrasion, chlorine and
sulfate aggression, in addition reduces water permeability, which makes concrete able
to carry heavy loads and withstand the effects of adverse environmental conditions.
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A description of the method of processing dump metallurgical slag is presented in
the source [2].

In addition, the following experiments were carried out. By firing at different
temperature conditions of a two-component raw material mixture consisting of dump
blast furnace slag and limestone tailings (sinter industry waste - fraction 10 mm)
taken in a 2 : 3 ratio respectively, clinker samples were obtained. Chemical analysis
of the samples showed that their composition corresponded to the chemical
composition of standard clinker (see Table 1).

Table 1 - Chemical compositions of clinker

Ne Clinker type CaO Si0; | AlLO3; | FeO3 | Other
1 | Estimated 64.74 22.32 4.15 0.68 6.47
2 A 64.0 27.0 4.0 0.66 4.34
3 | Experimental B 65.6 26.3 5.2 0.41 2.49
4 C 67.0 26.6 4.0 0.72 1.69
5 | Standard 63-67 21-24 4-7 2-4 -

Laboratory tests showed high strength
experimental clinker (Table 2).

indicators of all samples of an

Table 2 - The results of strength tests of samples from the experimental clinker

No Sample name Specificzsurface, Water-c_ement Strength after 228
m*/g ratio days, kg/cm

1 Clinker A 0.58 0.4 500

/ Clinker B 0.58 0.4 572

3 Clinker C 0.58 0.4 651

The high strength characteristics of all samples of the experimental clinker,
crushed before placing the clinker samples into the FRITSCH mill, can be explained
by a high degree of dispersity (S =0.58 m%g). This increased the reactivity of the
experimental clinker. The difference in strength characteristics of samples can be
explained by different temperature regimes of firing the raw clinker mixture. The
Clinker B, which showed the highest strength (651 kg/cm?, see Table 2) after heating
to t = 1650 °C, unlike samples A and B, was exposed at this temperature for 20
minutes.

This contributed to a more complete occurrence of mineral formation reactions,
which is completely correlated with chemical analyses of samples of experimental
clinker (Table 2). In clinker B, the highest content of the main mineral-forming oxide
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Ca0 is 67% (Table 1), which mainly determines the strength of the clinker. This is
published in the source [3].

The positive results of the experiments served as the basis for the development of
a technological line for producing clinker (cement) from metallurgical waste. It
provides the production of PC clinker with a high hydraulic module m = 2.37 (for a
standard PC clinker m = 1.7 - 2.4) from a two-component raw material mixture: 40%
dump slag and 60% limestone tailings. The general scheme of the technological line
Is shown in Fig. 3.

The developed way for the production of clinker cement from metallurgical
production waste has a significant environmental and economic effect and it is
advisable for using.

In conclusion, it should be noted that the civilization of any state is determined by
its attitude to the problem of rational and safe handling of production waste,
secondary material and energy resources, preservation of the environment and public
health. We can say that recycling is not only an important component of the
sustainable development of the state’s economy but also a sign of its civilization.
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Figure 3 — Clinker (cement) production line

At the clinker production site, the following are installed: 1 - hopper for the initial
components; 2 - dispenser; 3 - mill for raw materials; 4 - filling hopper; 5 - rotary
Kiln; 6 - bunker of fine coal; 7 - mill for coal grinding ; 8 - elevator; 9 - a hopper for
crushed coal; 10 - cooler.

On the cement grinding site are located: 11 - coal furnace for heat generation for
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granulated slag drying; 12 - granulated slag hopper; 13 - a drying drum; 14 - elevator;
15 - receiving hopper; 16 - dispenser of cement components; 17 - storage hopper; 18 -
tape feeder; 19 - crusher; 20 - bucket elevator; 21 - mill fine grinding; 22 -
compressor; 23 - a cyclone; 24 - bag filter; 25 - screw feeder; 26 - elevator; 27 -
cement hopper (storage); 28 - cement loading hopper.

Results and discussion. To change the attitude towards production wastes, it is
necessary to give the status of environmental activity objects to a wide range of
resource-useful materials and their maximum involvement in market and economic
relations with the deregulation of such relations by the state, i.e. to stimulate
economic activity in the field of handling secondary material resources and by-
products of production.

It is necessary not only to prescribe at the legislative level but also to popularize
such definitions as by-products from the production and processing of ferrous and
non-ferrous metals and their alloys, secondary material and energy resources.

Based on the modern principle in metallurgy, by-products (recyclables) may
include materials that are an integral component of production processes. Slag should
be considered as a by-product of metallurgical cycles, together with waste slag
representing valuable secondary raw materials. An integrated approach is required
involving the best foreign and domestic technologies for their processing.

In the EU and the USA, the level of waste and SMR (secondary material
resources) utilization is 65-80%. Moreover, about 20% of all aluminium, 33% of
iron, up to 50% of lead and zinc, 44% of copper and other useful components are
obtained from them. The processing and use of SMR in these countries indicate that
this is a profitable segment of resource use, which is 5-15 times cheaper than the
development of natural deposits. Enterprises and entrepreneurs in this area have
preferences from the state in the form of tax breaks, soft loans, and tariffs. Active
commercial activities in this area contribute to the growth of employment.

Significant success in the rational use of resources and the conservation of natural
resources have been achieved by states that profess the principles of a social market
economy and modern metallurgy principles. These are, first of all, the Scandinavian
countries, Canada, Germany. The economic models adopted in them create the best
opportunity for the development of civil society, which, in turn, acts as a generator of
environmental and economic transformations, stimulates the state to pursue a
resource-saving policy, and creates an atmosphere of "greening" of public
consciousness. We believe that the set of technological solutions for the processing of
metallurgical slag presented in this article will also contribute to this.

Currently, work is underway to expand and supplement with new technologies of
a comprehensive scheme for the processing of metallurgical slag according to the
intended thematic focus of research and technological development.

Conclusions

1. The analysis of the status of metallurgical slag processing indicates the
environmental and economic effectiveness of such technologies.

2. The modern principle in metallurgy, designated by the authors is: slag as pig
iron should be considered as the main product of blast furnace production. This
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requires the development of a set of technological processes for processing melt and
solid (granular and dump) slag, providing valuable materials that will significantly
reduce the cost of metal.

3. The solution to the problem of integrated slag processing is possible through
the organization of slag associations or companies (firms) working with metallurgical
enterprises.

4. To implement the modern principle in metallurgy, it is necessary to develop
and adopt at the level of legislative state acts the scientific and technical programs on
environmental and resource conservation and the use of secondary material as well as
energy resources as alternative sources of natural raw materials and energy.
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wrakiB. MMo3HayeHo CyyacHWA NpUHUMN B MeTanyprii, 3rigHO 3 AKUM LWNaku NOBWHHI po3rnsdaTucs He K Bigxoau.
AHanoriyHo MeTany wWrnak cnig posrnagatM SK e OAWH NpOAYKT LOMEHHOro BMPOobHMUTBA. Takui nigxig Bumarae
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PO3pOBKM KOMMMEKCY HOBMX TEXHOMNOMYHMX MPOLECIB 3 Nepepobky LNaKOBOrO Po3nnasy i TBEPLOrO (FpaHyrbOBaHOM)
waky, Wo 3abesneyytoTb OTPUMaHHS LiHHMX MaTepianis A4S npoMucnoBocTi. Lle Takok 3HayHO 3HW3MTL BapTICTb
BUNYCKY 3ani3a. [ing BUPILLEHHS 3aBOAHHS 3HWKEHHS HEraTWBHOIO BNMWUBY MeTanypriiHuX NignpuemMcTs Ha HaBKOSULLHE
cepefoBuLLe | NiABULIEHHA peHTabenbHOCTi BUPOOHMLTBA NPOBEAEHI AOCRIMKEHHS | po3pobkM 3a HaACTymHUMM
NyHKTamu.

1. BU3HayeHHs TennoBMICTY BOrHSHOPIAKUX LUNakiB (po3nnasiB). Po3paxyHOK eHepreTUYHOI NOTYXHOCTi YCTaHOBKM,
WO BMKOPUCTOBYE YTWMI30BaHe TEMMO LUMNAKOBMX po3nnasiB. PospaxyHku npoBoaunucs Ang yMOB MeTanyprinHoro
komb6iHaTy imeHi Inniva, m Mapiynonb. TemnepaTypa LUNaKOBOrO PO3nnaBy, LO BUMYCKAETbCA 3 [OMEHHOI neui
kombiHaTy, craHoBuTb 1400-1450 C.

2. BukopucTaHHst BigBanbHMX LNAKiB 41 OAEPKaHHS B'SXKy40oro Matepiany Ta MikposarnoBHtoBavie Ans 4obaBok B
BMCOKOMiLHWA BeToH. [lpegcTaBneHO TEXHOMOriYHY CxeMy nepepobkM Ta  TEXHOMOriYHY NiHil0  OTPUMaHHS
nopTNaHALEMEHTY KITiHKepy.

BnpoBamkeHHs aaHux po3pobok 403BONSE 3HU3UTW EHEPrOBUTPATW Ha MigNPUEMCTBI, BUKOPUCTOBYBATH LMK Ans
OTPUMaHHS LiHHOT CMPOBWHM, BUPILLKTY EKONOTiYHY Npobnemy.

KntouoBi cnoBa: nepepobka MeTanypriiHux LWnakis, KMiHKep, PO3niaBs, 3aXUCT HABKOMNMLUHLOMO CepeaoBMLLa.

AHHOTauuA. HakonneHne MeTannypruyeckux LWNaKkoB BbI3BaNO psia CHOXHbIX SKOMOrMYeckux npobnem, Npueeno k
3HAUMTENBHOMY W3BATMIO LEHHBbIX 3emenb. Llenbto paboTbl ABNSETCS onpepeneHne OCHOBHbIX HanpaBneHWn ans
nccnefoBaHns M paspaboTKM HOBbIX TEXHOMOTMYECKMX MPOLECCOB MO MONHOM W 6e30TxofHoi nepepaboTke W
PELMKIMHTa LWNaKoBbIX pacniaBoB, rpaHLLNaKkoB, OTBarbHbIX LUMNaKoB. [poaHanM3npoBaHbl MCCNefoBaHNs YKPaMHCKMX
M 3apybexHblX yyeHblx B obnactu nepepaboTku MeTanmnypruyeckux LwnakoB. CpenaH BbiBog 00 3Komoro-
9KOHOMWYECKOW 3(hEKTUBHOCTI NepepalboTkn MeTanmypriveckux LinakoB. OB03Ha4eH COBPEMEHHbI MpUHLMN B
METannyprii, COTMAcHO KOTOPOMY LUMAKW [LOMKHbI PacCMaTpuUBATLCA HE Kak OTX0Abl. AHANOMMYHO MeTanny, Lunak
crefyeT paccmaTpuBaTbh Kak €lle OAWH MpOLYKT [OMEHHOro NpoW3BOACTBA. Takoi Mmoaxod Tpebyer paspaboTku
KoMmnnekca HOBbIX TEXHOMOMMYECKMX NPOLIECCOB Mo nepepaboTKe LLNakoBOro pacnnaea v TBEPLOro (rpaHynMpoBaHHOr)
lnaka, 06ecneymBaroLLMX NOMyYeHNe LIEHHbIX MaTepnarnoB Ans NPOMBILNEHHOCTU. OTO Takke 3HAYUTENbHO CHU3NT
CTOMMOCTb BbINycKa Xenesa. [ns peLleHns 3aaqn CHWKEHNS HEraTUBHOTO BAWSIHUS MeTamnnyprinyecknx npeanpusTii
Ha OKPYXaloLLyto cpedy W NOBbLILLEHNS peHTabenbHOCTM NPOM3BOACTBA MPOBEAEHbI MCCNenoBaHNs U pa3paboTkm Mo
CReayoLWyMM NyHKTaM.

1. Onpepenexve TennocoaepaHus OrHEHHOXMAKMX LUMaKoB (pacnnaBoB). PacyeT 3HepreTM4eckom MOLLHOCTM
YCTaHOBKW, WCMOMb3YHOLLE/ YTUNN3MPOBAHHOE TEMMO LUMAKOBbIX PacnyiaBoB. PacyeTbl NPOBOAWMNWCH NS YCIIOBUIA
MeTannypriyeckoro kombuHata umenn Unbiva, r. Mapuynonb. TemnepaTypa LUNAKoBOrO pacnniaea, BbinyckaeMoro u3
JIOMeHHoi1 ne4un kombuHaTta, coctasnset 1400-1450 C.

2. Vicnonb3oBaHne 0TBaNbHbIX LLUMNAKOB ANS NOMyYeHUs BSXYLLEro MaTepuana n MUKpo3anonHuTenei ans 4o6asok
B BbICOKONPOYHbIN BETOH. MpeacTaBneHa TexHonormyeckas cxema nepepaboTki U TEXHONMOrMYECKas NUHUS NOMNyYeHNs
nopTNaHALEMEHTa KITMHKEpa.

BHenpeHne aTux pa3paboTok NO3BONSET CHU3NUTL SHEPronoTpebneHne Ha NPeanpUATMM, CNONL30BATL LWaK Ans
MOMyYEHUS! LIEHHOTO ChIPbS U PELUUTH MHOTIE 3KONOryeckue npobnemsl.

KnioyeBbie cnoBa: nepepaboTka MeTannypritieckoro LUnaka, KuHKep, pacnnasbl, OXpaHa OKpyXatoLLen cpesp!.
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