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This text presents possibilities of controlled reduction from high-chromium slag under operating conditions in EAF in the
production of high-chromium steels. A proper proposal of the operational technology results from theoretical knowledge
of reduction of chromium oxides from dag using different reduction agents, and from the method of application and
modification of the melting technology in the production of high-chromium steels in EAF. The above mentioned theoretical
knowledge was completed by the results of the study of Cr,O; reduction from dag into steel under laboratory conditions
using different reduction agents and methods of application. On the basis of theoretical knowledge and results of the
laboratory experiments the technology for conditions of the EAF No. 5 of VITKOVICE HEAVY MACHINERY a.s. was
proposed. Within the above-mentioned technology, a prototype of the slag controlled reduction device will be used that
enables dosing of the reduction agent onto the dag surface in order to reach high-chromium slag controlled reduction.
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V predloZeném prispévku jsou uvedeny moznosti 7izené redukce chromu zvysoce chromové strusky v provoznich
podminkach na EOP pri vyrobe vysoce chromovych aceli. Vlastni navrh provozni technologie vychaz z teoretickych
poznatki: redukce oxidi chromu ze strusky prfi pouZiti riznych redukcnich cinidel, zpisobu aplikace a Upravy
technologie taveni pri vyrobé vysoce chromovych oceli vEOP. Z vysledkii dosazenych pomoci laboratornich
experimentiz bylo Zisténo, Ze jako nejucinngjsi redukeni ¢inidlo se v laboratornich podminkach jevi ferosilicium. Dale
bylo prokédzano, Ze zvySeni teploty z 1600 na 1650 °C me¢lo pozitivni vliiv na Gc¢innost redukce Cr,O; ze strusky.
Krome zvySeni teploty se i zvySeni teoretického mnoZzstvi redukéniho cinidla spolu s prodlouzenim doby redukce
z300 na 600 s poztivne projevilo na Ucinnosti redukce. Pri teploté 1650 °C a pouzti ferosilicia bylo dosazeno
Ucinnosti redukce Cr,O; az 68,7 %. Lze také predpokladat, Zze se vzristem obsahu Cr,O; se mize projevit vysSi
viskozita strusky spojena s tvorbou krusty, ktera snizuje redukéni Gcinnost. Tento prredpoklad bude oveéren nasledujici
serii experimentii. Na zaklade¢ teoretickych poznatk:i a vysedk:: laboratornich experimentii byla navrzena technologie
pro podminky EOP ¢. 5 podniku VITKOVICE HEAVY MACHINERY a.s. Vramci uvedené technologie bude wyuZit
prototyp zarizeni pro Fizenou redukci strusky umoziujici davkovani redukeniho cinidla na hladinu strusky pro dosazeni
7izené redukce vysoce chromové strusky. Z vysledki: dosaZzenych pomoci provoznich experimenti: bylo Zisteéno, Ze
z hlediska porizeného prototypu dmychaciho zarizeni dopadl provozni experiment poztivné. Davkovani granulovanych
redukcnich cinidel antracitu a ferosilicia probehlo v souladu steoretickymi poZadavky. Drobné znamky poSkozeni
(Zaruvzdorny materidl, manipulacni oko) vykazovala v diisledku prizsobeni vysoké teploty v EOP samotnd dmychaci
tryska. Je vSak potreba prihlédnout ke skutechosti, Ze se jedna o prototyp zarizeni a ne trvalé 7eSeni pro EOP.
Z pohledu metalurgického je vSak nutno pripustit, Ze prredevSim z dizvodu malo tekuté vysoce chromové strusky doslo ke
snizeni obsahu Cr,O; jeho redukci na obsah 11,80 hm. %. Pro dosaZeni uspokojivejSiho vysledku bude vhodné
experiment zopakovat, avsak predpokladem je zajistit vyrazné vySSi tekutost strusky. Cilem vyzkumu bylo navrZeni
a odzkouSeni prototypu zarizeni pro 7izenou redukci strusky s vysokym obsahem oxidii chromu a nastaveni druhu,
mnozstvi a zpiisobu davkovani redukeniho cinidla na hladinu strusky. Timto zpiisobem dosSlo ke sniZeni energetické
a ekonomické narocnosti vyroby vysoce chromovych oceli, zvySeni konkurenceschopnosti strojirenské spolecnosti na
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trhu a také posileni védecko-vyzkumneé spoluprace vyrobniho podniku s vyzkumnymi pracovisti na VSB-TU Ostrava a ve
spolecnosti MATERIALOVY A METALURGICKY VYZKUM sir.o.

Kli¢ova slova: redukce strusky; chromové strusky; legované oceli; laboratorni experimenty; provozni experimenty

In the production of high-chromium steels in EAF, during
the course of melting of a sted charge containing
chromium, a loss of chromium is being occurred as a
result of oxidation by its transition to slag. Primary losses
have been already occurring in the course of melting of
the charge in EAF, but the main part of the losses of
chromium from the melt took place within the oxidation
period, during which oxygen was blown with the aim of
provision of basic purifying reactions and decarburization
of the melt. Effective chromium oxides reduction from
slag in the production of high-chromium steels depends
on the selection of asuitable reduction agent and on the
applied reduction technology. However, selection of a
reduction agent also depends on equipment and
technological possibilities of the operated EAF[1, 2].

1. Reduction of chromium oxides from slag in
the production of high-chromium steels

The applied technology and a suitable reduction agent
should provide a wide degree of reduction of chromium
oxides from dlag in the production of high-chromium
steels in EAF. Among others, the following reduction
agents were used: silica, carbon and calcium carbide.
Several technologies were developed and applied under
operating conditions, nevertheless, for efficient reduction
of chromium losses in the melt, it is necessary to
minimize the losses as early as during the melting period
and especially during the oxidation period.

On the basis of theoretica knowledge [3 - 6], there were
found out the following steps for provision of controlled
reduction of chromium oxides in slag or acheck of the
chromium content in the melt in the production of steel
in EAF. Silica reduces a degree of chromium oxidation at
low temperatures, which can be used during charge
melting. During the next oxidation period, reduction of
chromium oxides by slica in the melt takes place.
Reduction of chromium oxides by silica runs according to
the following chemical reaction (1):

2(Cr,03) + 3Sis) = 4[Cr] + 3(5i0,) (1)

The result of chromium oxide reduction is represented - in
the case of slica and aluminum — by oxides that reduce
dag akalinity, which leads to a necessity of addition of
lime and increasing the quantity of dagin EAF.

To limit the extent of chromium oxidation, atechnology
of blowing carbon into slag is commonly used under plant
conditions because it is economically more advantageous
than reduction by means of silica or auminum.
Reduction of chromium oxides by means of carbon is
realized under operating conditions with help of blowing
carbon that reacts with oxides of slag together with the

formation of carbon monoxide, which supports the
creation of foamy slag. However, for effective reduction
of chromium oxide by blowing carbon, the high
temperature of slag must be ensured. For this reason,
blowing carbon is realized simultaneously with blowing
oxygen in the oxidation period. Reduction of chromium
oxides by carbon runs according to the following reaction

()
(Cr,03) + 3Cs) = 2[Cr] +3CO, )

Besides of the technology that uses silica as a reduction
agent or blowing carbon, a technology of blowing
calcium carbide is also used. Carbon monoxide reacts
with oxides of dag, whereas products of reactions
represent chromium, calcium oxide and carbon monoxide.
Lime acts as flux supporting the creation of slag. Carbon
monoxide improves the creation of foamy slag in
comparison with blowing dusty carbon. Reduction of
chromium oxides by calcium carbide runs according to
the following reaction (3):

(Cr,05) + CaC, = 2[Cr] + 2€CO + (Ca0) ©)

Separate reduction agents should be applied under certain
conditions, which can be characterized with help of a
change of Gibbs free energy depending on temperature
for the reaction of chromium oxides with silica, carbon or
calcium carbide, asitis showninFig. 1.

4G"Cr,0,+CaC,=2Cr+2C0(g)+Ca0
----- 4G" Cr,0,+3C=2Cr+3C0(g)
- - - 4G" Cr,0,+1.55122Cr+1 5Si0,

20 E - T v

AG°kJ

7/°C
Fig.1 Temperature dependence of Gibbs free energy for chromium
oxides reduction by means of reduction agents
Teplotni zavislost Gibbsovy volné energie pro redukci oxida
chromu pomoci redukénich ¢inidel

Obr. 1
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What follows from Fig.1 is that chromium oxides
reduction by carbon is more effective at high temperature.
In practice, this technology is applied at blowing oxygen
during the oxidation period. According to the chromium
oxide reduction curve by means of silica, the reaction is
not dependent on temperature and it proceeds already at
low temperatures. In practice, this reduction agent should
be applied already in the course of charge melting in
EAF. What aso results from Fig.1 is suitability of
application of calcium carbide as areduction agent
according to the achieved lower Gibbs energy values up
to the range from 1550 to 1700°C.

2. Laboratory experiments

Before operational experiments, laboratory experiments
were performed in order to obtain information for
aproposal of technology for production of high-
chromium steels under operating conditions [7, 8]. The
laboratory experiments were carried out at the application
of three different charges representing high-chromium
steel containing approx. 9 to 18 wt. % of chromium and
slag with acontent of approx. 12 to 24 wt. % of Cr,Os.
The basic chemical composition of used high-chromium
steel and slag for laboratory experiments is shown in
Tabs. 1and 2.

Tab.1 Chemica composition of A, B and C high-alloy steel used for
|aboratory experiments

Tab.1 Chemické soZeni vysoce legované oceli A, B a C pouzité pro
|aboratorni experimenty

Tab.3 Basic chemica composition of ferrosilicium and anthracite
(reduction agent)
Tab.3 Z&kladni chemické sloZeni ferosilicia a antracitu (redukeni
¢inidlo)
Ferrosilicium - chemical composition (wt. %)
Si S P Mn C
73.5 0.01 0.03 0.28 0.06
Anthracite - chemical composition (wt. %)
(03 S Humidity Ash Fluidity
90.08 0.97 5.82 6.80 312

Type Steel chemical composition (wt. %)

ofsteel | ¢ |Mn| Si | P S | Cr | Ni | Mo
A 0.080.48|0.30| 0.015| 0.002 | 8.65 | 0.28|0.93
B 0.02|0.62|0.31| 0.023 | 0.003 [12.16 | 4.1 |0.42
C 0.04|1.57|0.58| 0.017 | 0.003 |17.44 | 10.2|0.07

Tab.2 Chemical composition of A, B and C slag containing Cr,Os

used for laboratory experiments
Chemické sloZeni strusky A, B a C obsahujici Cr,O; pouzité
pro laboratorni experimenty

Tab. 2

Type Slag chemical composition (wt. %)

of slag

CaoO SlOZ A|203 MnO MgO Cr,03| FeO | V,05

XXX

A 6.1 216 [90 |64 239 |xxx| 0.9

B 82 |286 |50 |38 | 357| 115 |49 |0.16

C |18.19(20.42|6.18 | 3.09 | 35.2| 17.7 |5.21| xxx

Two reduction agents were selected for reduction of slags
containing Cr,Os: ferrosilicium and anthracite. The
chemical composition of both reduction agents is shown
inTab. 3.

In total, 24 relevant melts were realized under laboratory
conditions. The laboratory experiments were performed in
the following way: firstly, a steel charge in the amount of
200 to 300 g was added. After steel charge, melting-down
and tempering to a temperature of 1650°C, a sample of
steel was withdrawn. The withdrawn sample served for
determination of the initial content of chromium in steel.
Consequently, crushed reduced slag containing Cr,Oz in
the amount of 10 wt. % was added to the weight of stedl.
10 wt. % of CaF, was added to this slag in order to ensure
fluidity of the reduced dag. After 60 seconds of slag
addition, a selected reduction agent was added - anthracite
or ferrosilicium. Additions of reduction agents were
realized in two versions:

0 version| —theoretical quantity providing 100 % of
Cr,0; oxides reduction from slag,

0 versionll —doubled theoretical quantity providing
reduction of Cr,0; oxides from dag,

The overall time of reduction agents acting was
determined as 600 s. In the course of the experiments,
samples of stedl were withdrawn for determination of the
content of chromium, and that as in the middle of the
experiments after 300 s and at the end of the experiment
after 600 s. After completion of the experiments, separate
samples of steel were analyzed for determination of the
efficiency of the reduction course under laboratory
conditions.

The assessment of the Cr,O3; reduction course from sag
to high-chromium steel under laboratory conditions was
realized in severa parts. First of all, assessment of the
course of the increase of the chromium content in steel
was performed together with an assessment of the degree
of reduction with help of two reduction agents, achange
of reduction agents quantity and temperatures of
1600 and 1650°C. The processed results represent
acomplex assessment of the degrees of reduction, as
shown in Figs. 2 —4.
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a) time of reduction 300 s b) time of reduction 600 s

Fig.2 Comparison of achieved degrees of Cr,O; oxides reduction while using anthracite and ferrosilicium for steel A
Obr. 2 Porovnani dosazenych stupit redukce oxidi Cr,Os pii pouziti antracitu a ferosilicia pro ocel A

a) time of reduction 300 s b) time of reduction 600 s

Fig. 3 Comparison of achieved degrees of Cr,O; oxides reduction while using anthracite and ferrosilicium for steel B
Obr. 3 Porovnani dosazenych stupiit redukce oxidi Cr,O3 pii pouziti antracitu aferosilicia pro ocel B

a) time of reduction 300 s b) time of reduction 600 s

Fig.4 Comparison of achieved degrees of Cr,O; oxides reduction while using anthracite and ferrosilicium for steel C
Obr. 4  Porovnani dosazenych stupiiti redukce oxidi Cr,O5 pii pouziti antracitu aferosiliciapro ocel C

Based on the results achieved by means of the laboratory o temperature increase from 1600 to 1650°C positively

experiments focused on obtaining information on the course affected efficiency of Cr,O; reduction from slag,

of reduction of Cr,O; from dlag for high-chromiumsteel and  pesides apart from increasing temperature, also
increasing the content of chromium in the melt by means of increasing the theoretical quantity of reduction agent
reduction agents, we can state that: together with the prolonged time of reaction from
o more effective reduction agent under laboratory 300 to 600 s had a positive effect on the reduction

conditions appears to be ferrosilicium, efficiency,
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0 at temperature of 1650°C and while using
ferrosilicium, the Cr,O; reduction efficiency up to
68.7 % was achieved.

0 it can be also assumed that with the growth of the
Cr,0; content in slag, a higher slag viscosity may
occur related to the creation of the incrustation that
decreases the reduction efficiency. This assumption
will be verified by the following series of
experiments.

3. Plant experiments

To verify a possibility of chromium reduction from slag
melts of high-chromium steels were performed in the
electric steelmaking plant of the company VITKOVICE
HEAVY MACHINERY as. Granulated 1-3mm
anthracite was applied as a reduction agent for the first
experimental melt. For its dosing, RCB burners were
used, by which the intensified EAF No. 5 is standardly
equipped. The obtained results were published in [9] and
they unfortunately showed that the use of the RCB
burners for bringing in the granulated reduction is limited.

That's why, for better performance of chromium reduction
from dag, in the second experimental melt, a prototype of
ablowing unit was used, or nozzles for bringing in the
reduction agents, as evidenced by Fig. 5. Production of
steel of X2CrNiMo013-4 was carried out with help of the
oxidation melting technology with the use of a liquid
remnant in the furnace of approx. 14t. Approximately 37 t
of dloyed waste (Cr < 16 wt. %) and approx. 10t of
alloyed cuttings were put into the melt. After scrap-iron
melting-down, oxidized dag was created and after
achieving temperature of 1642°C, 200 kg of aluminum
skim was added to provide liquefaction of dag.
Consequently, samples of dag and steel were withdrawn, in
which the content of Cr,0; was 21.6 wt. %, respectively
6.74 wt. %.

The proper technical test was carried out during the course
of finishing the melt and consisted in verification of a
possibility of chromium reduction from slag into the steel
bath by blowing granulated (1 — 3 mm) reduction agents,
concretely a mixture of anthracite (500kg) and
ferrosilicium of 75 wt. % (500 kg) for a melt. Filling up the

pressure vessel with reduction agentsis displayed in Fig. 6.
Nitrogen was used as carrying medium of the reduction
agents. Approximately 6.5 minutes after the agents were
blown onto dlag, the mixture reacted with the dag for
5 minutes and afterwards samples of dlag and stee melt
were withdrawn for chemical analyses to assess the effect
of the above-mentioned reduction agents. Identical
withdrawal was then repeated in three following five-
minute intervals. Chemical composition of dag is shown
in Tab. 4 and of steel in Tab. 5.

Fig.5 The nozzle and its putting into the furnace space of EAF No. 5
during the operation test
Pohled na trysku a jeji zavadéni do pecniho prostoru EOP €. 5

pii provozni zkousce

Obr.5

Fig. 6  Filling up the pressure vessel with reduction agents
Obr. 6 PIneni tlakové nadoby redukénimi ginidly

Tab.4 Chemica composition of slag in the production of X2CrNiMo013-4 steel

Tab.4 Chemické slozeni strusky pii vyrobé oceli X2CrNiMo13-4

Slag chemical composition (wt. %)
Aggregate | Sample . =

CaO Al,O; FeO MnO MgO SiO, Cr,03 P,Os S TiO,
1 21.24 15.47 3.186 6.346 6.464 8.245 33.11 0.261 0.0298 | 0.3988

2 19.07 11.60 1.7480 | 6.971 6.523 7.662 44.28 0.276 0.0203 | 0.371
EAF 3 18.35 1157 | 0.8324 | 7.527 6.483 7.829 47.85 0.289 | 0.0107 | 0.3702
4 14.48 7401 | 0.0019 | 6.837 5771 6.159 55.35 0.296 | 0.0103 | 0.3035
5 19.60 33.92 | 2.8490 | 3.895 6.483 6.664 11.80 0.248 | 0.0203 | 0.3737
1 55.82 2757 0.2526 | 0.0421 9.009 6.629 0.0972 0.011 0.4482 | 0.1768
LF 2 54.88 30.17 0.2806 | 0.0634 7.892 5.466 0.0915 0.011 0.4462 | 0.1702
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Tab.5 Chemica composition of X2CrNiMo013-4 steel
Tab.5 Chemické slozeni oceli X2CrNiMo13-4

P | Sl Steel chemical composition (wt. %)
C Mn Si P S Cu Ni Cr Mo \Y Ti Al

1 021 | 046 | 005 | 0.013 | 0014 | 012 | 1.03 | 6.74 | 0.16 | 0.016 | 0.441 | 0.006

EAE 2 0.20 0.46 0.04 | 0.013 | 0.014 | 022 1.13 6.60 0.16 | 0.016 | 0.405 | 0.005
3 020 | 045 | 004 | 0.012 | 0014 | 012 | 113 | 657 | 0.16 | 0.015 | 0.401 | 0.004

4 0.20 0.45 0.03 | 0.013 | 0.014 | 022 114 6.53 0.16 | 0.015 | 0.388 | 0.004

1 019 | 047 | 006 | 0015 | 0.010 | 021 | 111 | 659 | 0.16 | 0.015 | 0.004 | 0.083

LF 2 0.94 0.43 0.11 | 0.017 | 0.002 | 0.1 364 | 11.75 | 051 | 0.028 | 0.004 | 0.020
3 095 | 070 | 0.12 | 0017 | 0.002 | 021 | 358 | 1228 | 052 | 0.029 | 0.004 | 0.030

1 0.15 0.52 0.08 | 0.018 | 0.002 | 0.11 358 | 1217 | 053 | 0.027 | 0.004 | 0.004

2 001 | 030 | 0.06 | 0017 | 0.002 | 021 | 3.62 | 11.24 | 054 | 0.022 | 0.004 | 0.004

VOD 3 0.01 0.46 0.32 | 0.018 | 0.003 | 0.11 356 | 1208 | 053 | 0.025 | 0.004 | 0.022
4 0.01 0.55 0.33 | 0.018 | 0.002 | 0.11 356 | 1237 | 053 | 0.027 | 0.004 | 0.022

5 001 | 055 | 031 | 0.017 | 0.003 | 011 | 355 | 1246 | 0.53 | 0.027 | 0.004 | 0.025

Final XXX 0.02 0.55 0.30 | 0.017 | 0.003 | 0.11 354 | 1242 | 052 | 0.027 | 0.004 | 0.032

The main attention was focused on the change of the
content of dightly reducible oxides in furnace dag, i.e.
mainly Cr,O3. Fig. 7, shows clearly that required
reduction of Cr,O3 occurred after blowing-in 500 kg of
anthracite and 500 kg of 75 wt. % ferrosilicium. During
the melt in the EAF, a first the content of Cr,O3
increased down to the value 55.3 wt. % took place. At the
other samples (EAF No. 4 and EAF No. 5) adecrease of
the content of Cr,O5; down to the value 11.80 wt. % took
place. This fact can be explained with the period of the
effect of reducing agents and aso with the increase of the
steel temperature. The course of X2CrNiMol3-4 steel
processing temperaturesis shown in Fig. 8.

The course of the content of MnO in dag in the
production of steel had a similar trend as in the case of
Cr,0s. A dlight decrease of the content of MnO in
furnace slag occurred as late as at the end of finishing
when 100 kg of ingot aluminum was added, as evidenced
by Fig. 9. The course of the content of CaO in slag in the
production and secondary metallurgy steel processing in
aladle furnace is documented in Fig. 10.

Fig. 7 The course of the content of Cr,O3 in slag during

X2CrNiM013-4 steel production and processing
Prabéh obsahu Cr,O;3 ve strusce béhem vyroby
azpracovani oceli X2CrNiMo13-4

Obr. 7

Fig. 8

Obr. 8

The course of the content of Al,Oz inthe slag is presented
in Fig. 11. It is clear that the content of Al,Os in furnace
slag increased as |ate as before metal tapping from EAF,
i.e. after addition of 200 kg aluminum skim and 100 kg of
ingot aluminum. The content of SiO, in slag during steel
production and secondary metallurgy processing in
aladle furnace mostly decreased, as it is clear from
Fig. 12. Not earlier than after addition of ingot aluminum
and aluminum skim at the end part of finishing, a slight
growth occurred from 6.16 to 6.66 wt. %, which was
connected with the fact that after dight liquefaction, FeSi
blown-in via anozzle into furnace slag started to react.

The course of the content of C, Si, S, Cr in steel during
production in EAF and during the course of out-secondary
metallurgy processing on LF or VOD of the stedl grade
X2CrNiM013-4 is presented in Figs. 13— 16.

According to Fig. 16, during finishing in EAF, the
content of Cr in steel was first dightly decreased from the
content of 6.74 to 6.53 wt. %. Right before tapping, a
small increase to 6.59 wt. % occurred. The main increase
of the content of Cr in steel up to 11.80 wt. % took place
in the ladle furnace by addition of FeCr.

The course of the temperature during X2CrNiM013-4 steel
production and processing

Prabeh vyvoje teplot behem vyroby a zpracovani oceli
X2CrNiMo13-4
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Fig.9 Thecourse of the content of MnQ in slag during

Fig. 10 The course of the content of CaO in slag during X2CrNiMo13-4
X2CrNiMo013-4 steel production and processing steel production and processing
Obr.9 Prabgh obsahu MnO ve strusce béhem vyroby Obr. 10 Prube&h obsahu Ca0 ve strusce béhem vyroby a zpracovéani oceli
azpracovani oceli X2CrNiMo13-4

X2CrNiMo13-4

Fig. 11 The course of the content of Al,O3 in slag during Fig. 12 The course of the content of SiO, in slag during X2CrNiMo13-4
X2CrNiM013-4 steel production and processing steel production and processing

Obr. 11 Pribeh obsahu Al,Os ve strusce béhem vyroby Obr. 12 Pribeéh obsahu SiO, ve strusce béhem vyroby a zpracovani oceli
azpracovéani oceli X2CrNiMo13-4 X2CrNiMo13-4

Fig. 13 The course of the content of C in steel during production in
EAF and processing in LF and VOD of X2CrNiMo13-4 quality
Obr. 13 Prabeh obsahu C v oceli béhem vyroby v EOP a zpracovani

Obr. 14 Pribeéh obsahu Si v oceli behem vyroby v EOP a zpracovani oceli
oceli naLF aVOD jakosti X2CrNiMo13-4 naLFaVOD jakosti X2CrNiMo13-4

Fig. 14 The course of the content of Si in steel during production in EAF
and processing in LF and VOD of X2CrNiMo013-4 quality
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Fig. 15 The course of the content of Sin steel during production in
EAF and processing in LF and VOD of X2CrNiMo13-4 quality

Obr. 15 Priibéh obsahu Sv oceli béhem vyroby v EOP a zpracovani
oceli naLF aVOD jakosti X2CrNiMo13-4

Based on the results achieved with help of realization of
the operational experiments focused on verification of
apossibility of chromium reduction from dag, we can
state the following:

o fromthe point of view of the acquired prototype of the
blowing unit, the operational experiment was
successful. The dosage of granulated reduction agents
of anthracite and ferrosilicium was performed in
accordance with the theoretical requirements.

o small signs of damage (refractory material, handling
eye) detected in the blowing nozzle itself were caused
by the impact of high temperature in EAF.
Nevertheless, it is necessary to consider the fact that it
is just a prototype of a device but not a permanent
solution for EAF.

o from the metallurgical point of view, however, it must
be admitted that, mainly from the reason of low-fluent
high-chromium slag, decrease of Cr,O; content by its
reduction down to the content 11.80 wt.% took place.
To achieve a more satisfactory result, the experiment
should be repeated, but a pre-requisite is to provide
higher fluidity of slag.

Conclusions

On the basis of a growing demand for high-chromium
steels, a project was prepared, a part of which is focused
on development of steel production technology with
specialization in the growth of the output of chromium
from slag into the metallic melt in the production of high-
chromium steels by a production unit representing the
intensified EAF No.5 in the company VITKOVICE
HEAVY MACHINERY as.

In the course of solving the project, theoretical knowledge
of reduction of chromium oxides from slag with the use of
different reduction agents, a method of application and
modification of the melting technology in the production
of high-chromium steels in EAF were verified. The

Fig. 16 The course of the content of Cr in steel during production in EAF
and processing in LF and VOD of X2CrNiMo13-4 quality

Obr. 16 Priib&h obsahu Cr v oceli béhem vyroby v EOP a zpracovani
oceli naLF aVVOD jakosti X2CrNiMo13-4

above-mentioned knowledge was completed by the results
of the study of the course of Cr,O3 reduction from slag
into steel under laboratory conditions for steel with the
content of approx. 9 to 18 wt. % of chromium and sag
with the content of approx. 12 to 24 wt. % of Cr,0O; and
with the use of ferrosilicium and anthracite as reduction
agents. The knowledge obtained during the laboratory
experiments had to simulate conditions of operation of
EAF No. 5 but they were also verified under operating
conditions.

The am of the research is a proposal and testing
aprototype for controlled dag reduction with a high
content of chromium oxides, as well as the determination
of atype, quantity and a method of dosage of a reduction
agent on the dag surface. It thus will decrease energetic
and economic demandingness of high-chromium steel
production, increase the competitiveness of the engineering
company on the market, as well as enforce the scientific-
research cooperation of the production enterprise with
research organizations represented by the VSB-Technical
University of Ostrava and the company MATERIALOVY
A METALURGICKY VYZKUM sr.0.
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27. ro¢nik mezinarodni konference metalurgie a materiala METAL 2018 se
uskuteéni ve dnech 23. - 25. kvétna v Brné

V souc¢asné dobé probiha registrace vech Gcastniki 27. ro¢niku konference metalurgie a materidlt METAL 2018, ktera se
uskutecni ve dnech 23. - 25, kvétna 2018 v hotelu Vorongz v Brné. V loiiském roce se z celkového poctu 516 prihlasenych
U¢astniki z(castnilo 472 osob z 25 stétt: 205 Geastnika z Ceské republiky, 153 z Polska, 22 z Ruska, 18 ze Slovenska,
16 z Turecka, 9z Rumunska, 6 z Némecka, 6 z Korey, a dde napiiklad ze Saudské Ardbie, Indie, Rakouska nebo
Slovinska. Uéastnici prezentovali ve 155 prednaskéch ave 298 posterech. Mezi letodni témata konference patii:

e Pokrokova vyroba Zeleza, oceli a litiny
Vyvoj surovinové béaze pro vyrobu surového zeleza, oceli a litiny v poslednich letech. Nové prvky v fizeni procesi vyroby aodlévani zeleza,
oceli alitiny. Aktualni smery vyvoje technologie vyroby Zeleza aoceli. Fyzikalni a numerické modelovani procesi vyroby Zeleza aoceli. Nové
zpusoby zpracovani odpadi z vyroby surového Zeleza a oceli, recyklace, bezodpadové technologie.

e Tvareni kovi
Teorie tvareni, fyzikdni podstata plasticity a metalurgickd a technologicka tvaritelnost kovii.. Plastometrické, laboratorni a numerické
modelovani procesi tvareni za tepla i za studena. Pokrokové metody tvéfeni (valcovani, kovani, tazeni a dasi... - vysokoredukeni
avysokorychlostni procesy, termomechanické tvaeni, nastroje pro tvareni (valce, zapustky, priivliaky), hydroforming, moderni kalibrace, tvareni
extrémni plastickou deformaci, tvéareni t&zko tvaritelnych materidld, tvéieni blizké kone¢nému tvaru a dalsi). Technologické problémy ainovace
ve tvéreni.

e \/yrobky z oceli a jejich vlastnosti

Fyzikélni metalurgie oceli. Vysoko pevné oceli. Vztah mezi strukturou a vlastnostmi oceli, metody zkouSeni. Oceli pro aplikace za vysokych
nebo kryogennich teplot a/anebo za zvySenych tlaki.

¢ Moderni trendy v povrchovém inzenyrstvi
Protikorozni ochrana povrchu materidu (vlastnosti povlaki, technologie povrchové Upravy pied aplikaci poviaki, teoretické otazky). PVD
aCVD technologie, organické povlaky, sklovité a sklokeramické povlaky, elektrochemické procesy povlakovéani, Zarové povlakovani, iontova
implantace, plazmové nastiiky &. Vlastnosti a aplikace tenkych filmia a nanovrstev.

¢ NeZelezné kovy a slitiny
Zpusoby vyroby (piipravy) nezeleznych kovi a dlitin (taveni, slévéani, praskova metalurgie, rychlé ochlazovéani, fizena krystalizace..). Vlastnosti
auziti nezeleznych kovti, dlitin a sloucenin (Al, Mg, Cu, Ti, Ni, Nb a.). Vysokoteplotni kovové materidly na bézi nezeleznych kova (niklové
dlitiny a superslitiny, titanové dlitiny a intermetalické slouceniny, kobaltové dlitiny, kovy platinové skupiny, wolfram a jeho dlitiny). Pokrokové
materidly pro biomedicinské aplikace, slitiny kovii aintermetalické slouceniny, kompozitni materidly, materidly s¥izenou porovitosti.

o Ekonomika a ¥izeni metalurgické vyroby
Metalurgicka vyroba, jeji postaveni v nérodnim hospodérstvi a globalizované ekonomice, technicko-ekonomicka vyvojova perspektiva. Rizeni
metalurgické vyroby, metody pokrocilého planovani a rozvrhovani vyroby, logistické retézce v metalurgii, marketingové iizeni a management
kvality v oborech metalurgie a materialového inzenyrstvi. Ekonomické a financni fizeni metalurgického podniku, efektivnost investic a projekti
technického rozvoje v metalurgii. Exaktni metody rozhodovani, metody umeglé inteligence a simulani techniky v projektech systému fizeni
metal urgické vyroby, nové informasni a komunikagni technologie.

-red-
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