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The production of iron and non-ferrous metals represents industries that are among the largest polluters of the
environment. The production of metals is characterized by the fact that it is accompanied by large movements of raw
materials and products and enormous energy consumption. This in itself poses a heavy burden on the surrounding
environment, but it does not always take sufficient account of it. The inland position of our state, lacking its own raw
materials and a large share of export of products adds to it. The environment is influenced by the production of metals
by the widespread formation of waste products, which may be in a solid, liquid and gaseous state. In addition to direct
and indirect air pollution, water and surrounding soils, the metallurgical activity affects the surrounding environment
aswell asnoise, heat and light radiation and, last but not least, the radiation effects of some slags and other materials.

Establishing clear rules on waste management is currently determined by the relevant EU directives. In these rules, the
legislation encourages the use of waste before its mere removal, particularly with regard to landfilling. These
tendencies must, therefore, be part of the training of experts not only in the field of environmental protection but also in
all technical fields.
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Vyroba zeleza a nezeleznych kovii predstavuje primyslové odvetvi, které pati mezi nejvetsi znecisfovatele zivotniho
prostedi. Pro vyrobu kovii je charakteristické, Ze je doprovazena velkymi presuny surovin a produktii a enormni
spotiebou energie. To samo 0 sobé predstavuje velké zatizeni pro okolni Zivotni prostiedi, ale ne vZdy se dostateché
bere do Gvahy. Vnit/ni Gzemi naSeho statu, chybéjici viastni suroviny i znacny export produktii to jesté umocriuje.
Zivotni prostredi je vyrobou kovi ovliviiovano rozsahlym vznikem odpadnich produkts, které se mohou nachézet
v pevném, tekutém i plynném stavu. Krome primého a neprimého znecisovani ovzdusi, vod a puady ovliviiuje
metalurgicka c¢innost okolni prostedi i hlukem, tepelnym a svételnym zasenim a v neposdedni /adé i radiachimi Ucinky
nekterych strusek a dalSich materialii.

Sanoveni jasnych pravidel pro nakladani sodpady je v soucasnosti urceno prislusSnymi smernicemi EU. V téchto
pravidlech se legislativné podporuje vyuzivani odpad:: pred jejich pouhym odstranénim, zejména pokud jde o ukladani
na skladky. Tyto tendence musi byt proto soucasti i edukace odbornikii ngjen v oblasti ochrany Zivotniho prostredi, ale
ve v&ech technickych oborech.

Clanek predkiada kritickou analyzu a zhodnoceni dosavadnich vyzkumnych pristupiz uplatiovanych pri recyklaci
odpadii, predevim z metal urgického prizmyslu. | kdyz je recyklaci odpadiz v CRi v zahranici vénovana velkéa pozornost,
Gsili je roztFistené a zamerené vetSinou na aktualni problematiku danych regioni. Zaklady teorie zpracovani
a recyklace odpadi byly v nedavné minulosti jiz poloZeny, ale vysledky nejsou aZz dosud propracovany s prihlédnutim
k vysokym ener getickym, ekonomickym a ekol ogickym poZadavkizm na moderni alter nativni technologie soucasnosti.

Kli¢ova dova: recyklace; kovonosny odpad; Sachtové pece

The modern method of the production of metals is - such as processed black and brown coal as well as
distinguished by the rank of options with several coke

differently successive, first of all, pyrometallurgical . gaseous and liquid hydrocarbons occur in a large
production stages where mainly carbon in various forms extent in waste products suitable for recycling.

plays a significant role:
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Innovations in the technologies of metal productions were
mainly as follows: pre-treatment of semi-products,
including desulphurization, limiting of production in the
aggregates with the open hearth (production only in the
oxygen converters and electric arc furnaces), separation of
metal finishing from the basic smelting aggregate due to
the equipment of the ladle (secondary) metallurgy, use of
alternative energies (coal, oxygen, oxy-fuel burners, use
of plasma technologies), as well as recyclable wastes
(scrap, sludge, dusts, sinter, etc.), hydride (flexible)
technological enabling operative change of composition
of both charging stock and energetic inputs and this
according to various criterions. Among these innovations
also techniques of continuous steel production can be
ranked (using EOF principle or converter). Great innova-
tions can be represented in new products (properties ori-
entated on using) by structural design of aggregates, in
measuring sensors as well as in process models.

Metallurgical aggregates offer a unique possibility of
thermal decomposition and treatment of diverse sub-
stances, which can also be applied on — currently topical —
municipal waste.

A significant characteristic of high-temperature treatment
processes is eliminating resources of generation of extra-
hazardous furans and dioxins accompanying traditional
combustion of municipal wastes in incineration plants
[1-3].

Recycling and Waste Recycling Processes in
Shaft Furnaces

Shaft metallurgical furnaces are one of the oldest tech-
nical equipment. Furnaces of this type are filled with a
charge in the upper part; the charge is then falling down
and has contact with hot gasses in the counter-flow. Due
to charge heating through gasses, physical-chemical and
chemical reactions occur. Generally, recycling of waste
materials has a significant position mainly in blast-fur-
nace technology.

Independently of using blast furnaces for recycling and
exploitation of wastes also other installations based on the
principle of shaft furnaces are built up, for example, pro-
cesses inspired by OxyCup technology, with which the
charge can consist wholly from wastes [6].

Recycling and Waste Treatment in Blast Furnaces

A great variety of technical conditions obtained in the
blast furnace together with a reduction potential of the
process offer a possibility of the treatment of most diverse
substrates, including fly ashes. Knowledge of complex
thermodynamic equilibria of reactions being in progress
gives a possibility to predict quality, as well as the
amount of generated products under different particular
conditions of furnace work. We can also assume that in
near future selected blast furnace units will be able to
serve for the production of pig iron less and less and they
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will serve more and more as aggregates for exploitation of
selected waste materials [4 — 5].

Using ferriferous waste materials as the part of blast-fur-
nace charge offers a great spectrum of wastes, such as
dust, sludge, sinter and sometimes also metallic iron in
different forms. During the evaluation of the influence of
these materials on the blast-furnace process as such, it is
necessary to pay attention to the content of compounds
and elements showing ill-effects on the process run as
well as on the iron quality. It concerns first of all zinc,
alkali oxides, copper, lead, tin, phosphorus, sulfur [6].

In practice, it is known that some elements and com-
pounds occur in dangerous forms only in certain waste
materials. In case of dust and sludge, it is necessary to
take into account a great content of zinc, alkali com-
pounds and lead [7 - 8].

Usual recycling procedure of these materials is realized
through their batching into sinter charge. The other possi-
ble technologies of waste batching are connected with
unnecessary lumping, which can be realized by various
procedures.

OxyCup Process

ThyssenKrupp company together with Mannesmann
Demag, Kdttner companies and others have elaborated
this process in the laboratory, as well as in pilot scale.
Cupola with the shaft height of 5 m and hearth diameter
of 2.4 m (Fig. 1) is a fundamental unit of the installation.
The charge consists of briquettes in hexagon shape
reaching to the height of 110 mm that are prepared from
the mixture of fine-grained waste materials with addition
of milled coke and cement that is used as a binding agent.
An intensive reduction starts in briquette lump after heat-
ing up to 1000°C using deoxidizing agent contained in
briquettes. The charge remains in blast furnace shaft for
approximately 20 minutes and reduction of metal oxides
occurs, as well as the beginning of charge smelting. Iron
cementation takes place in blast furnace hearth.

Fig.1  OxyCup equipment scheme [6, 7]
Obr.1 Schéma zatizeni OxyCup [6, 7]



Hutnické listy ¢. 6/2018, ro¢. LXXI
ISSN 0018-8069

Recenzované védecke ¢lanky
Peer-reviewed Scientific Papers

Prospective Designs of Other Blast Furnace
Treatment Technologies

Requirements on properties of raw materials, especially
on their grain size distribution, depend on the structural
design. Beside the requirements on grain size distribution,
some other requirements exist in individual cases for
proper metallurgical properties of raw materials, or vice
versa, these specific metallurgical properties can modify a
structural solution, especially the equipment geometry.
General requirement during hydrogen reduction is com-
plying with hydrogen explosibility.

Smelting and superheating processes and the process of
metal and sinter separation can be suitably connected with
regard to great differences in specific gravity of iron.
Connected processes require the provision of sufficient
heat delivery. This can be reached provided that carbon is
eliminated from the procedure either by electric current
heating (inductively, by microwave radiation, by re-
sistance, plasma or arc created among non-carbon elec-
trodes) or by heating of reduced mixture and metal by
gas, which has the necessary temperature. Nevertheless,
the gas used must not have oxidizing character. The most
accessible gasses in this respect seems to be nitrogen and
argon, but we can also think of hydrogen [9].

The above- mentioned heating by electric current offers
also various options. Heating by microwave radiation is
as per nowadays knowledge accompanied by favourable
secondary factors — by influencing diffusion and reduc-
tion speeding, which can markedly intensify reduction
work in the zone of oxide reduction (metal generation
decelerates favourable influences). This field itself,
therefore, can represent one of the interesting research
concentrations.

Use of carbon electrodes for heating is possible to permit
in those processes where insignificant CO, emissions are
allowed. Heating to the required temperature by gas has
also some options, from using another secondary heat
resource, through using electric heating up to possible use
of nuclear energy [10 — 14].

During the real solution of heating for these processes, it
is also necessary to solve “breathability” of smelted and
separated semi-product and consequently also geometry
of reaction space and heat input. For example, during
blast-furnace process metallurgical coke creates frame
providing breathability in the zone of softening and
melting, in processes of smelting reduction it concerns
usually splitting into two reaction spaces at temperatures
corresponding to softening (cohesion zone) and using
another type of convection to provide heat transfer (fluid,
circular) in high-temperature reactor. For a new process,
we can also imagine the option where breathability in
lower layers (and at the same time at the highest tem-
peratures) is provided by highly refractory ceramic balls
or by another filler shape with a proper porosity [6].

Application of nitrogen, especially in combination with
plasma or arc is accompanied with a risk of generation of
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nitrogen oxides (NO,), therefore also their restriction,
elimination, and removal have to be a part of modifica-
tions of metal (steel) production.

Alternatively, it would be possible to eliminate melting by
application of chemical refining of reduced iron by the
procedure of carbonyl production of powder iron, which
would provide the process of metal and sinter separation.
This presumes an input of metalized powdered raw mate-
rial, the most optimally from the process of direct fluid
reduction. Even if during production carbon monoxide is
applied, it can be optimally recycled without air pollution
by carbon monoxide and with limited carbonization of the
final product.

Chemical refining can be also considered to be tailing
extraction from ferriferous ore in the alkaline melt (for
example NaOH, KOH), during which separation of par-
ticular mineralogical components occur under tempera-
tures amounting to 350 — 450°C. These components melt
to the soluble stage in the form of silicates, complex alu-
minates, zincates, and iron oxides. The mentioned pro-
duction is based on the reversible reaction

Fesiia + 5 CO = Fe(CO)s 1)

In registered form reaction under the high pressure
(approx. 20 MPa) and moderate temperatures (approx.
200°C) occurs. Decomposition of liquid iron pentacar-
bonyl occurs under atmospheric pressure, slightly in-
creased temperatures (70 — 80°C) and permanent removal
of carbon monoxide from the reaction space. Carboniza-
tion is prevented by the slight addition of ammonia and
subsequent annealing of the product in a hydrogen atmos-
phere.

Fe hydroxides (and/or Al and other accompanying metals)
can be separated from the aqueous solution and treated
further on. Leach can be recycled.

A similar procedure, such as tailings extraction from iron
ore in the alkaline melt is applied during production of
sorbents from coal — Gravimelt Process technology
(desulphurization and ash extraction). Industrial realization
depends on NaOH price. The mentioned method was
protected by the patent “Method of Processing Raw Mate-
rials on the basis of Oxides.” Nowadays this procedure is
called MLC process (molten-caustic leaching coal) [4 - 7].

For completeness” sake, it is necessary to mention also
a limited possibility of magnetic or gravity separation.
With these procedures, it is possible to expect the
downsizing process for achieving optimum granulometry.

The carbon-free procedure ensures production of molten
pig-iron. Hydrogen and nitrogen as far as they are
absorbed in steel have unfavourable effects on its proper-
ties with only minor exceptions. Therefore it is necessary
to provide reaching the final steel quality by the appro-
priate equipment of the secondary metallurgy. From the
point of view of the present state of technology develop-
ment, an integral system of secondary metallurgy (ISSM)
seems to be an optimum supplement enabling a majority
of ladle metallurgy options.
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The company VITKOVICE, a.s. is the licence owner and
equipment producer. The principle of ISSM technology
consists in secondary complex treatment of produced steel
in one-reactor space where a ladle with liquid metal is
placed. Generally, it includes processes of electric and
chemical heating-up, alloying, carbonization, homogeni-
zation by vacuuming, degassing and sulphur removal [1].

Consequential questions are the achievement of the
optimum composition of liquid metal (alloying, micro-
alloying) which can be carried out either by known tech-
nologies in the equipment for secondary metallurgy or by
adding an appropriate raw material into ferriferous charge
under concurrent reduction of the proper element and iron.

Modification of Existing Procedures of Direct
Steel Production with Plasma Burner Appli-
cation

Based on previous consideration there are analyzed basic
modifications of the procedures, which presume competi-
tive steel production in comparison with existing proce-
dures. At the same time solution of the individual critical
processes should provide also minimization and/or total
elimination of greenhouse gasses [4 — 7].

High consumption of energy can be justified especially in
cases of processing otherwise unusable ferriferous raw
materials (wastes), which require relevant refining and
which cannot be processed in any other way. Efficiency
can be increased by evaporated captured nonferrous
metals (for example Zn, Cu, Pb). Fig.2 shows a
generalized model of plasma treatment [8 — 9].

Fig.2  Concept of plasma procedure [8]
Obr. 2 Koncept plazmového pochodu [8]

The charge would be formed by ferriferous raw material
(ore, wastes) with addition agents for reaching an opti-
mum composition of the charge mixture. Plasma is
formed from any gas (Ar) enriched by a deoxidizing agent
(we can think over hydrogen). Integrated processes of
reduction, separation and melting are lead to the space of
exhausted (vacuum treated) plasma reactor. It contains
ferriferous or carbon counter-electrode where a liquid
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metal and sinter is collected and subsequently discharge
process gasses bearing gasifying refined metals with
lower melting points. Gasses leave for condensation
column where they gradually condensate. Metals and/or
oxides or other compounds are taken from condensation
places and then transferred to another treatment. Last part
of the process diagram represents the cleaning of waste
gasses with the possible recycling [10 — 14].

Conclusions

In the presented study, there were carried out critical
analysis and evaluation of existing research approaches
applied for the recycling of waste, especially from the
metallurgical industry. In conclusion it can be stated that
even though great attention is paid to recycling of wastes
at national, as well as foreign scope, this effort is disinte-
grated and usually concentrated on the topical problem of
the specific region. Principles of the theory of waste
treatment and recycling have been already laid in the
recent past, but results have not been elaborated till now
with regard to high energetic, economic and environ-
mental requirements for modern alternative technologies
of the present.
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Technologie HYBRIT
OENERGETICE.cz 26.z& 2018, solarthermalmagazine.com/2018/06/29

Vyroba oceli je energeticky velmi narocna. V soucasné dobé jsou uhli a zemni plyn nejcastejsi fosilni paliva pro
vytvoreni vysokych teplot v tavicich pecich. Svédsko zahdjilo spolupraci s pramyslem na vyvoji alternativy k uhli a
zemnimu plynu pro vyrobu oceli. K tomuto Gc¢elu by mél slouzit vodik.

Vyuziti vodiku maze vyrobu oceli zcela zménit. Zakladem procesu je vyuZziti energie z obnovitelnych zdroji pro vyrobu
vodiku a kysliku z vody. Vyuzitim obnovitelnych energii se cely proces vyroby oceli stdva témer bezemisnim. Cela
technologie mé nazev HYBRIT (Hydrogen Breakthrough Ironmaking Technology).

V &ervnu 2018 byl poloZen zakladni kdmen pilotni ocelarny s technologii HYBRIT ve mésté Luled, které je jednim
z hlavnich center Svédského ocelarského primyslu. Slavnostniho ceremonialu se zGcastnil i Svédsky predseda vlady
Stefan Lofven. Hlavnimi investory jsou spole¢nosti SSAB, LKAB a Vattenfall. Dalsim investorem se stala Svédska
energetickd agentura. Celkova investice ¢ini témei 1,4 mld. SEK (3,46 mld. CZK). Svédska energeticka agentura
investuje celkem 528 mil. SEK a tii vySe zminéné soukromé spolec¢nosti celkem 830 mil. SEK. Tim se technologie
HYBRIT dostava z Urovné teoretické do praxe.

Projekt ziskal zelenou na zacatku tohoto roku a zahajeni provozu se ocekava na konci roku 2020. Nové ocelarna ma
slouzit pouze k rozsadhlému testovani a k rozvoji technologie HYBRIT, kterd ma zahdjit ostry provoz okolo roku 2035.

HYBRIT ma potencial sniZit celkové emise oxidu uhli¢itého ve Svédsku o 10 % a ve Finsku o 7 %. Technologie ma
navic globalni potencial snizit emise oxidu uhli¢itého v ocelaiském pramysiu.

Marten Gornerup, generalni feditel spole¢nosti HYBRIT k tomu tekl:

I'n

»Zkoudeni v pramyslovém méfitku je piinosnéjsi nez zkoudeni v laboratornim prostredi,
generalni feditel spolec¢nosti HYBRIT.

ekl Marten Gornerup,

»,Umoziiuje nam to piibliZit se budoucimu provozu a vyrobu od zacatku zefektivnit. Jsme velmi radi, Ze jsme schopni
pristoupit k dalSi fazi a dostat se tak o krok bliz k naSemu cili vyroby bezemisni oceli se vSemi jejimi piinosy pro
Zivotni prostredi.”

Za své firmy se rovnéz vyjadtili ptitomni hlavni investoti ze soukromeého sektoru.

»Bezemisni produkce oceli za¢ina v dolech a LKAB intenzivné pracuje na tom, jak by méla vypadat budouci
peletizaéni zatizeni, aby se jednalo o energeticky Gg¢inny vyrobni proces,” fika Jan Mostrém, prezident a generalni
feditel spole¢nosti LKAB. ,,Vyzvou pro spole¢nost LKAB v projektu HYBRIT a naSim ptispévkem je vyvinout pelety s
piimym snizenim obsahu oxidu uhli¢itého. Ocelérna s technologii HYBRIT je to spravné misto, kde si miZzeme naSe
nové technologie vyzkouSet v pramyslovém méfitku.*

Martin Lindqvist, prezident a generdlni feditel spole¢nosti SSAB tekl: ,,Zacneme-li budovat pilotni ocelarnu, kde
budeme vyvijet a rozSitovat technologii vyroby bezemisni oceli, délame dulezity krok kuptedu smérem k cili
spolecnosti SSAB, kterym je bezemisni vyroba do roku 2045. Jsme hrdi na to, Ze jsme soucasti duleZitého a ndro¢ného
technologického posunu, ktery mtZe vyustit v feSeni naSeho klimatického problému.*

A Magnus Hall, prezident a generalni teditel spole¢nosti Vattenfall dodava: ,Vattenfall chce docilit toho, aby
spole¢nost fungovala bez fosilnich paliv béhem jedné generace. Podpora zmény vyroby oceli je jednim
z nejdulezitéjSich prispévki, které mizeme dat. Vyuziti elektrické energie z obnovitelnych zdroja k rozsahlé vyrobé
vodiku mtize umoznit technické zmeny, které budou mit velky dopad na vznik emisi.*
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